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Figure 1A: Identity to SeqID No:1 is indicated by a dot.
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Figure 1B: Identity to SeqID No:1 is indicated by a dot.
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Figure 1C: Identity to SeqID No:1 is indicated by a dot.
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Figure 1D: Identity to SeqID No:1 is indicated by a dot.

Seqgidh & i e e, C....C. 504
580 * 600

Seqidl : TACCCGCTTGCCAAGCTCGGCAACACCCGG : 600

Segid3 1 i e e : 600

Segidd @ .. i e e T..G.A. : D534
* 620 *

Seqidl : GCGGCCGTCAACCCCGATACCGCCACCGTC : 630

Segidl & i e i e : 630

S1=Ye i Ko 1o T T I C. : 564
640 * 660

Seqgidl : GATTTGAACGTCGTCGTGGACAGCGGCCGC : 660

Segidl3 & i e i e i e : 660

o7 =Y 1 e 1 T : 594
* 680 *

Seqidl : CCCATCGCCTTCGGCGACTTTGAAATCACC : 690

ST =Ye e 1C T : 690

S1=Ye e 1< S I 1 624
700 * 720

Segidl : GGCACACAGCGTTACCCCGAACAAATCGTC : 720

Segid3 & i i i i i e 720

Segidd & it e e i : 654
* 740 *

Segidl : TCCGGCCTGGCGCGCTTCCAACCGGGCACG : 750

Segidl3 @ tiii i i i i i e e s e : 750

Segidb : ........ T..... T..... G..C..T.T. : 684



Patent Application Publication Mar. 6,2008 Sheet S of 15 US 2008/0057067 A1

Figure 1E: Identity to SeqID No:1 is indicated by a dot.
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Figure 1F: Identity to SeqID No:1 is indicated by a dot.
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Figure 1G: Identity to SeqID No:1 is indicated by a dot.

* 1160 *

Seqgidl : GGCATCTGGTATGTGCGCGACCGCGCGGGC : 1170

SegIdld & i e e e e e : 1170

Segidd : ...G........ e e e e e et : 1104
1180 * 1200

Segidl : ATCGATGCCAGGCTGGGGGCAGAGTTTCTC : 1200

Segidl I i e : 1200

Segidb : ... il e, G..A...... : 1134
- * 1220 *

Seqgidl : GCAGAAGGCCGGAAAATCCCCGGCTCGGAT : 1230

Segildl & e e e e : 1230

Segldd & i e e e C. : 1lo4
1240 * 1260

Segidl : ATCGATTTGGGCAACAGCCACGCCACGATG : 1260

ST o T : 1260

Segidd & Guvi ittt e e e e : 1194
* 1280 *

Seqgidl : CTGACCGCCTCTTGGAARACGCCAGCTGCTC : 1290

ST =T o e 3G : 1290

Segidd & L e i i ettt : 1224
1300 * 1320

Seqidl : AACAACGTGCTGCATCCCGARAAACGGCCAT : 1320

LYo o U J : 1320

Segidb : i e e et : 1254

* 1340 *



Patent Application Publication Mar. 6, 2008 Sheet 8 of 15
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Figure 11: Identity to SeqID No:1 is indicated by a dot.
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Figure 2A : Identity to SeqID No:2 is indicated by a dot.

* 20 *
SeqidZ : MMIKPTALLLPALFFFPHAYAPAADLSENK : 30
= Yo g e - S : 30
Seqgid6 : e : 8

40 * 60
Segid2 : AAGFALFKNKS PDTESVKLKPKFPVRIDTQ : 60
Segidd & . e e e : 60
Seqgidb @ L. L.... : 38

Seqgid? : DSEIKDMVEEHLPLITQQQEEVLDKEQTGE : 950
Segidd i e : 90
Se@idb I i i e e : 68

100 * 120
Seqgid2 : LAEEAPDNVKTMLRSKGYFSSKVSLTEKDG : 120
Segidd @ .ttt e e : 120
Segidb & L.t et : 98



Patent Application Publication Mar. 6, 2008 Sheet 12 of 15

Figure 2B : Identity to SeqID No:2 is indicated by a dot.
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Figure 2C : Identity to SeqID No:2 is indicated by a dot.
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Figure 2D : Identity to SeqID No:2 is indicated by a dot.
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POLYPEPTIDES AND POLYNUCLEOTIDES
"BASB040" FROM NEISSERIA MENINGITIDIS
AND VACCINE COMPRISING SAID
POLYPEPTIDES AND POLYNUCLEOTIDES

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of U.S. patent
application Ser. No. 10/833,884, filed Apr. 28, 2004, which
is a continuation of U.S. patent application Ser. No. 09/857,
669, filed Sep. 21, 2001, which is the National Stage
Application of International Application No. PCT/EP99/
09560, filed Dec. 2, 1999, which claims the benefit of Great
Britain Patent Application No. 9826886.5 filed Dec. 7, 1998.
The disclosure of these applications are incorporated herein
by reference in their entirety.

FIELD OF THE INVENTION

[0002] This invention relates to polynucleotides, (herein
referred to as “BASB040 polynucleotide(s)”), polypeptides
encoded by them (referred to herein as “BASB040” or
“BASB040 polypeptide(s)”), recombinant materials and
methods for their production. In another aspect, the inven-
tion relates to methods for using such polypeptides and
polynucleotides, including vaccines against bacterial infec-
tions. In a further aspect, the invention relates to diagnostic
assays for detecting infection of certain pathogens.

BACKGROUND OF THE INVENTION

[0003] Neisseria meningitidis (meningococcus) is a Gram-
negative bacterium frequently isolated from the human
upper respiratory tract. It occasionally causes invasive bac-
terial diseases such as bacteremia and meningitis. The
incidence of meningococcal disease shows geographical
seasonal and annual differences (Schwartz, B., Moore, P. S.,
Broome, C. V.; Clin. Microbiol. Rev. 2 (Supplement), S18-
S24, 1989). Most disease in temperate countries is due to
strains of serogroup B and varies in incidence from 1-10/
100,000/year total population sometimes reaching higher
values (Kaczmarski, E. B. (1997), Commun. Dis. Rep. Rev.
7: R55-9, 1995; Scholten, R. J. P. M., Bijlmer, H. A.,
Poolman, J. T. et al. Clin. Infect. Dis. 16: 237-246, 1993,
Cruz, C., Pavez, G., Aguilar, E., et al. Epidemiol. Infect.
105: 119-126, 1990).

[0004] Epidemics dominated by serogroup A meningo-
cocci, mostly in central Africa, are encountered, sometimes
reaching levels up to 1000/100.000/year (Schwartz, B.,
Moore, P. S., Broome, C. V. Clin. Microbiol. Rev. 2 (Supple-
ment), S18-S24, 1989). Nearlyall cases as a whole of
meningococcal disease are caused by serogroup A, B, C,
W-135 and Y meningococci and a tetravalent A, C, W-135,
Y polysaccharide vaccine is available (Armand, J., Armin-
jon, F., Mynard, M. C., Lafaix, C., J. Biol. Stand. 10:
335-339, 1982).

[0005] The polysaccharide vaccines are currently being
improved by way of chemical conjugating them to carrier
proteins (Lieberman, J. M., Chiu, S. S., Wong, V. K., et al.
JAMA 275: 1499-1503, 1996).

[0006] A serogroup B vaccine is not available, since the B
capsular polysaccharide was found to be nonimmunogenic,
most likely because it shares structural similarity to host
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components (Wyle, F. A, Artenstein, M. S., Brandt, M. L. et
al. I. Infect. Dis. 126: 514-522, 1972; Finne, J. M., Leino-
nen, M., Makelai, P. M. Lancet ii.: 355-357, 1983).

[0007] For many years efforts have been initiated and
carried out to develop meningococcal outer membrane based
vaccines (de Moraes, J. C., Perkins, B., Camargo, M. C. et
al. Lancet 340: 1074-1078, 1992; Bjune, G., Hoiby, E. A.
Gronnesby, J. K. et al. 338: 1093-1096, 1991). Such vac-
cines have demonstrated efficacies from 57%-85% in older
children (>4 years) and adolescents.

[0008] Many bacterial outer membrane components are
present in these vaccines, such as PorA, PorB, Rmp, Opc,
Opa, FrpB and the contribution of these components to the
observed protection still needs further definition. Other
bacterial outer membrane components have been defined by
using animal or human antibodies to be potentially relevant
to the induction of protective immunity, such as ThpB and
NspA (Martin, D., Cadieux, N., Hamel, J., Brodeux, B. R.,
J. Exp. Med. 185: 1173-1183, 1997; Lissolo, L., Maitre-
Wilmotte, C., Dumas, p. et al., Inf. Immun. 63: 884-890,
1995). The mechanisms of protective immunity will involve
antibody mediated bactericidal activity and opsonophago-
cytosis.

[0009] A bacteremia animal model has been used to com-
bine all antibody mediated mechanisms (Saukkonen, K.,
Leinonen, M., Abdillahi, H. Poolman, J. T. Vaccine 7:
325-328, 1989). It is generally accepted that the late comple-
ment component mediated bactericidal mechanism is crucial
for immunity against meningococcal disease (Ross, S. C.,
Rosenthal P. 1., Berberic, H. M., Densen, P. J. Infect. Dis.
155: 1266-1275, 1987).

[0010] The frequency of Neisseria meningitidis infections
has risen dramatically in the past few decades. This has been
attributed to the emergence of multiply antibiotic resistant
strains and an increasing population of people with weak-
ened immune systems. It is no longer uncommon to isolate
Neisseria meningitidis strains that are resistant to some or all
of the standard antibiotics. This phenomenon has created an
unmet medical need and demand for new anti-microbial
agents, vaccines, drug screening methods, and diagnostic
tests for this organism.

SUMMARY OF THE INVENTION

[0011] The present invention relates to BASB040, in par-
ticular BASB040 polypeptides and BASB040 polynucle-
otides, recombinant materials and methods for their produc-
tion. In another aspect, the invention relates to methods for
using such polypeptides and polynucleotides, including pre-
vention and treatment of microbial diseases, amongst others.
In a further aspect, the invention relates to diagnostic assays
for detecting diseases associated with microbial infections
and conditions associated with such infections, such as
assays for detecting expression or activity of BASB040
polynucleotides or polypeptides.

[0012] Various changes and modifications within the spirit
and scope of the disclosed invention will become readily
apparent to those skilled in the art from reading the follow-
ing descriptions and from reading the other parts of the
present disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS
[0013] FIG. 1 Alignment of SEQ ID NOs:1, 3, and 5.
[0014] FIG. 2 Alignment of SEQ ID NOs:2, 4, and 6.
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DESCRIPTION OF THE INVENTION

[0015] The invention relates to BASB040 polypeptides
and polynucleotides as described in greater detail below. In
particular, the invention relates to polypeptides and poly-
nucleotides of BASB040 of Neisseria meningitidis, which is
related by amino acid sequence homology to Neisseria
meningitidis D15 outer membrane protein. The invention
relates especially to BASB040 having the nucleotide and
amino acid sequences set out in SEQ ID NO:1, 3, 5 and SEQ
1D NO:2, 4, 6 respectively. It is understood that sequences
recited in the Sequence Listing below as “DNA” represent
an exemplification of one embodiment of the invention,
since those of ordinary skill will recognize that such
sequences can be usefully employed in polynucleotides in
general, including ribopolynucleotides.

Polypeptides

[0016] In one aspect of the invention there are provided
polypeptides of Neisseria meningitidis referred to herein as
“BASB040” and “BASB040 polypeptides” as well as bio-
logically, diagnostically, prophylactically, clinically or
therapeutically useful variants thereof, and compositions
comprising the same.

[0017] The present invention further provides for:

[0018] (a) an isolated polypeptide which comprises an
amino acid sequence which has at least 85% identity, more
preferably at least 90% identity, yet more preferably at least
95% identity, most preferably at least 97-99% or exact
identity, to that of SEQ ID NO:2, 4, 6;

[0019] (b) a polypeptide encoded by an isolated poly-
nucleotide comprising a polynucleotide sequence which has
at least 85% identity, more preferably at least 90% identity,
yet more preferably at least 95% identity, even more pref-
erably at least 97-99% or exact identity to SEQ ID NO:1, 3,
5 over the entire length of SEQ ID NO:1, 3, 5 respectively;
or

[0020] (c) a polypeptide encoded by an isolated polynucle-
otide comprising a polynucleotide sequence encoding a
polypeptide which has at least 85% identity, more preferably
at least 90% identity, yet more preferably at least 95%
identity, even more preferably at least 97-99% or exact
identity, to the amino acid sequence of SEQ ID NO:2, 4, 6;

[0021] The BASBO040 polypeptides provided in SEQ ID
NO:2, 4, 6 are the BASB040 polypeptides from Neisseria
meningitidis strains ATCC13090 and H44/76.

[0022] The invention also provides an immunogenic frag-
ment of a BASB040 polypeptide, that is, a contiguous
portion of the BASB040 polypeptide which has the same or
substantially the same immunogenic activity as the polypep-
tide comprising the amino acid sequence of SEQ ID NO:2,
4, 6. That is to say, the fragment (if necessary when coupled
to a carrier) is capable of raising an immune response which
recognises the BASB040 polypeptide. Such an immuno-
genic fragment may include, for example, the BASB040
polypeptide lacking an N-terminal leader sequence, and/or a
transmembrane domain and/or a C-terminal anchor domain.
In a preferred aspect the immunogenic fragment of
BASB040 according to the invention comprises substan-
tially all of the extracellular domain of a polypeptide which
has at least 85% identity, more preferably at least 90%
identity, yet more preferably at least 95% identity, most
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preferably at least 97-99% identity, to that of SEQ ID NO:2,
4, 6 over the entire length of SEQ ID NO:2, 4, 6. A fragment
is a polypeptide having an amino acid sequence that is
entirely the same as part but not all of any amino acid
sequence of any polypeptide of the invention. As with
BASBO040 polypeptides, fragments may be “free-standing,”
or comprised within a larger polypeptide of which they form
a part or region, most preferably as a single continuous
region in a single larger polypeptide.

[0023] Preferred fragments include, for example, trunca-
tion polypeptides having a portion of an amino acid
sequence of SEQ ID NO:2, 4, 6 or of variants thereof, such
as a continuous series of residues that includes an amino-
and/or carboxyl-terminal amino acid sequence. Degradation
forms of the polypeptides of the invention produced by or in
a host cell, are also preferred. Further preferred are frag-
ments characterized by structural or functional attributes
such as fragments that comprise alpha-helix and alpha-helix
forming regions, beta-sheet and beta-sheet-forming regions,
turn and turn-forming regions, coil and coil-forming regions,
hydrophilic regions, hydrophobic regions, alpha amphip-
athic regions, beta amphipathic regions, flexible regions,
surface-forming regions, substrate binding region, and high
antigenic index regions.

[0024] 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
the amino acid sequence of SEQ ID NO:2, 4, 6, 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 the amino acid sequence of
SEQ ID NO:2, 4, 6.

[0025] Fragments of the polypeptides of the invention may
be employed for producing the corresponding full-length
polypeptide by peptide synthesis; therefore, these fragments
may be employed as intermediates for producing the full-
length polypeptides of the invention.

[0026] Particularly preferred are variants in which several,
5-10, 1-5, 1-3, 1-2 or 1 amino acids are substituted, deleted,
or added in any combination.

[0027] The polypeptides, or immunogenic fragments, of
the invention may be in the form of the “mature” protein or
may be a part of a larger protein such as a precursor or a
fusion protein. It is often advantageous to include an addi-
tional amino acid sequence which contains secretory or
leader sequences, pro-sequences, sequences which aid in
purification such as multiple histidine residues, or an addi-
tional sequence for stability during recombinant production.
Furthermore, addition of exogenous polypeptide or lipid tail
or polynucleotide sequences to increase the immunogenic
potential of the final molecule is also considered.

[0028] In one aspect, the invention relates to genetically
engineered soluble fusion proteins comprising a polypeptide
of the present invention, or a fragment thereof, and various
portions of the constant regions of heavy or light chains of
immunoglobulins of various subclasses (IgG, IgM, IgA,
IgE). Preferred as an immunoglobulin is the constant part of
the heavy chain of human IgG, particularly IgG1, where
fusion takes place at the hinge region. In a particular
embodiment, the Fc part can be removed simply by incor-
poration of a cleavage sequence which can be cleaved with
blood clotting factor Xa.
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[0029] Furthermore, this invention relates to processes for
the preparation of these fusion proteins by genetic engineer-
ing, and to the use thereof for drug screening, diagnosis and
therapy. A further aspect of the invention also relates to
polynucleotides encoding such fusion proteins. Examples of
fusion protein technology can be found in International
Patent Application Nos. W(094/29458 and W094/22914.

[0030] The proteins may be chemically conjugated, or
expressed as recombinant fusion proteins allowing increased
levels to be produced in an expression system as compared
to non-fused protein. The fusion partner may assist in
providing T helper epitopes (immunological fusion partner),
preferably T helper epitopes recognized by humans, or assist
in expressing the protein (expression enhancer) at higher
yields than the native recombinant protein. Preferably the
fusion partner will be both an immunological fusion partner
and expression enhancing partner.

[0031] Fusion partners include protein D from Haemophi-
lus influenzae and the non-structural protein from influenzae
virus, NS1 (hemagglutinin). Another fusion partner is the
protein known as LytA. Preferably the C terminal portion of
the molecule is used. LytA is derived from Streptococcus
preumoniae which synthesize an N-acetyl-L-alanine ami-
dase, amidase LytA, (coded by the lytA gene {Gene, 43
(1986) page 265-272}) an autolysin that specifically
degrades certain 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 develop-
ment of E. coli C-LytA expressing plasmids useful 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 starting at residue 178, for
example residues 188-305.

[0032] The present invention also includes variants of the
aforementioned polypeptides, that is polypeptides that vary
from the referents by conservative amino acid substitutions,
whereby a residue is substituted by another with like char-
acteristics. Typical such substitutions are among Ala, Val,
Leu and Ile; among Ser and Thr; among the acidic residues
Asp and Glu; among Asn and Gln; and among the basic
residues Lys and Arg; or aromatic residues Phe and Tyr.

[0033] Polypeptides of the present invention can be pre-
pared in any suitable manner. Such polypeptides include
isolated naturally occurring polypeptides, recombinantly
produced polypeptides, synthetically produced polypep-
tides, or polypeptides produced by a combination of these
methods. Means for preparing such polypeptides are well
understood in the art.

[0034] 1t is most preferred that a polypeptide of the
invention is derived from Neisseria meningitidis, however,
it may preferably be obtained from other organisms of the
same taxonomic genus. A polypeptide of the invention may
also be obtained, for example, from organisms of the same
taxonomic family or order.

Polynucleotides

[0035] It is an object of the invention to provide poly-
nucleotides that encode BASB040 polypeptides, particularly
polynucleotides that encode the polypeptide herein desig-
nated BASB040.
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[0036] In a particularly preferred embodiment of the
invention the polynucleotide comprises a region encoding
BASBO040 polypeptides comprising a sequence set out in
SEQ ID NO:1, 3, 5 which includes a full length gene, or a
variant thereof.

[0037] The BASBO040 polynucleotides provided in SEQ
ID NO:1, 3 and 5 are the BASB040 polynucleotides from
Neisseria meningitidis strains ATCC13090 and H44/76. As
a further aspect of the invention there are provided isolated
nucleic acid molecules encoding and/or expressing
BASB040 polypeptides and polynucleotides, particularly
Neisseria meningitidis BASB040 polypeptides and poly-
nucleotides, including, for example, unprocessed RNAs,
ribozyme RNAs, mRNAs, cDNAs, genomic DNAs, B- and
Z-DNAs. Further embodiments of the invention include
biologically, diagnostically, prophylactically, clinically or
therapeutically useful polynucleotides and polypeptides, and
variants thereof, and compositions comprising the same.

[0038] Another aspect of the invention relates to isolated
polynucleotides, including at least one full length gene, that
encodes a BASB040 polypeptide having a deduced amino
acid sequence of SEQ ID NO:2, 4, 6 and polynucleotides
closely related thereto and variants thereof.

[0039] In another particularly preferred embodiment of
the invention there is a BASB040 polypeptide from Neis-
seria meningitidis comprising or consisting of an amino acid
sequence of SEQ ID NO:2, 4, 6 or a variant thereof.

[0040] Using the information provided herein, such as a
polynucleotide sequence set out in SEQ ID NO:1, 3, 5 a
polynucleotide of the invention encoding BASB040
polypeptide may be obtained using standard cloning and
screening methods, such as those for cloning and sequencing
chromosomal DNA fragments from bacteria using Neisseria
meningitidis 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 ID NO:1, 3, 5, typically a library of
clones of chromosomal DNA of Neisseria meningitidis 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 DNA identical to that of
the probe can then be distinguished using stringent hybrid-
ization conditions. By sequencing the individual clones thus
identified by hybridization with sequencing primers
designed from the original polypeptide or polynucleotide
sequence it is then possible to extend the polynucleotide
sequence in both directions to determine a full length gene
sequence. Conveniently, such sequencing is performed, for
example, using denatured double stranded DNA prepared
from a plasmid clone. Suitable techniques are described by
Maniatis, T., Fritsch, E. F. and Sambrook et al., MOLECU-
LAR CLONING, A LABORATORY MANUAL, 2nd Ed.; Cold
Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y.
(1989). (see in particular Screening By Hybridization 1.90
and Sequencing Denatured Double-Stranded DNA Tem-
plates 13.70). Direct genomic DNA sequencing may also be
performed to obtain a full length gene sequence. Illustrative
of the invention, each polynucleotide set out in SEQ ID
NO:1, 3, 5 was discovered in a DNA library derived from
Neisseria meningitidis.

[0041] Moreover, each DNA sequence set out in SEQ ID
NO:1, 3, 5 contains an open reading frame encoding a
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protein having about the number of amino acid residues set
forth in SEQ ID NO:2, 4, 6 with a deduced molecular weight
that can be calculated using amino acid residue molecular
weight values well known to those skilled in the art.

[0042] The polynucleotide of SEQ ID NO:1, between the
start codon at nucleotide number 1 and the stop codon which
begins at nucleotide number 1828 of SEQ ID NO:1, encodes
the polypeptide of SEQ ID NO:2.

[0043] The polynucleotide of SEQ ID NO:3, between the
start codon at nucleotide number 1 and the stop codon which
begins at nucleotide number 1828 of SEQ ID NO:3, encodes
the polypeptide of SEQ ID NO:4.

[0044] The polynucleotide of SEQ ID NO:5, between the
first codon at nucleotide number 1 and the stop codon which
begins at nucleotide number 1762 of SEQ ID NO:5, encodes
the polypeptide of SEQ ID NO:6.

[0045] 1In a further aspect, the present invention provides
for an isolated polynucleotide comprising or consisting of:

[0046] (a) a polynucleotide sequence which has at least
85% identity, more preferably at least 90% identity, yet more
preferably at least 95% identity, even more preferably at
least 97-99% or exact identity to SEQ ID NO:1, 3, 5 over the
entire length of SEQ ID NO:1, 3, 5 respectively; or

[0047] (b) a polynucleotide sequence encoding a polypep-
tide which has at least 85% identity, more preferably at least
90% identity, yet more preferably at least 95% identity, even
more preferably at least 97-99% or 100% exact, to the amino
acid sequence of SEQ ID NO:2, 4, 6 over the entire length
of SEQ ID NO:2, 4, 6 respectively.

[0048] A polynucleotide encoding a polypeptide of the
present invention, including homologs and orthologs from
species other than Neisseria meningitidis, may be obtained
by a process which comprises the steps of screening an
appropriate library under stringent hybridization conditions
(for example, using a temperature in the range of 45-65° C.
and an SDS concentration from 0.1-1%) with a labeled or
detectable probe consisting of or comprising the sequence of
SEQ ID NO: 1, 3, 5 or a fragment thereof; and isolating a
full-length gene and/or genomic clones containing said
polynucleotide sequence.

[0049] The invention provides a polynucleotide sequence
identical over its entire length to a coding sequence (open
reading frame) in SEQ ID NO: 1, 3, 5. Also provided by the
invention is a coding sequence for a mature polypeptide or
a fragment thereof, by itself as well as a coding sequence for
a mature polypeptide or a fragment in reading frame with
another coding sequence, such as a sequence encoding a
leader or secretory sequence, a pre-, Or pro- or prepro-
protein sequence. The polynucleotide of the invention may
also contain at least one non-coding sequence, including for
example, but not limited to at least one non-coding 5' and 3'
sequence, such as the ftranscribed but non-translated
sequences, termination 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 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
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marker sequence is a hexa-histidine peptide, as provided in
the pQE vector (Qiagen, Inc.) and described in Gentz et al.,
Proc. Natl. Acad. Sci., USA 86: 821-824 (1989), or an HA
peptide tag (Wilson et al., Cel/ 37: 767 (1984), both of which
may be useful in purifying polypeptide sequence fused to
them. Polynucleotides of the invention also include, but are
not limited to, polynucleotides comprising a structural gene
and its naturally associated sequences that control gene
expression.

[0050] The nucleotide sequence encoding BASB040
polypeptide of SEQ ID NO:2, 4, 6 may be identical to the
polypeptide encoding sequence contained in nucleotides 1 to
1827 of SEQ ID NO:1, or the polypeptide encoding
sequence contained in nucleotides 1 to 1827 of SEQ ID
NO:3, or the polypeptide encoding sequence contained in
nucleotides 1 to 1761 of SEQ ID NO:5, respectively. Alter-
natively it may be a sequence, which as a result of the
redundancy (degeneracy) of the genetic code, also encodes
the polypeptide of SEQ ID NO:2, 4, 6.

[0051] The term “polynucleotide encoding a polypeptide”
as used herein encompasses polynucleotides that include a
sequence encoding a polypeptide of the invention, particu-
larly a bacterial polypeptide and more particularly a
polypeptide of the Neisseria meningitidis BASB040 having
an amino acid sequence set out in SEQ ID NO:2, 4, 6. The
term also encompasses polynucleotides that include a single
continuous region or discontinuous regions encoding the
polypeptide (for example, polynucleotides interrupted by
integrated phage, an integrated insertion sequence, an inte-
grated vector sequence, an integrated transposon sequence,
or due to RNA editing or genomic DNA reorganization)
together with additional regions, that also may contain
coding and/or non-coding sequences.

[0052] The invention further relates to variants of the
polynucleotides described herein that encode variants of a
polypeptide having a deduced amino acid sequence of SEQ
ID NO:2, 4, 6. Fragments of polynucleotides of the inven-
tion may be used, for example, to synthesize full-length
polynucleotides of the invention.

[0053] Further particularly preferred embodiments are
polynucleotides encoding BASB040 variants, that have the
amino acid sequence of BASB040 polypeptide of SEQ ID
NO:2, 4, 6 in which several, a few, 5 to 10, 1 to 5, 1 to 3,
2, 1 or no amino acid residues are substituted, modified,
deleted and/or added, in any combination. Especially pre-
ferred among these are silent substitutions, additions and
deletions, that do not alter the properties and activities of
BASBO040 polypeptide.

[0054] Further preferred embodiments of the invention are
polynucleotides that are at least 85% identical over their
entire length to a polynucleotide encoding BASB040
polypeptide having an amino acid sequence set out in SEQ
1D NO:2, 4, 6, and polynucleotides that are complementary
to such polynucleotides. In this regard, polynucleotides at
least 90% identical over their entire length to the same are
particularly preferred, and among these particularly pre-
ferred polynucleotides, those with at least 95% are espe-
cially preferred. Furthermore, those with at least 97% are
highly preferred among those with at least 95%, and among
these those with at least 98% and at least 99% are particu-
larly highly preferred, with at least 99% being the more
preferred.
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[0055] Preferred embodiments are polynucleotides encod-
ing polypeptides that retain substantially the same biological
function or activity as the mature polypeptide encoded by a
DNA of SEQ ID NO:1, 3, 5.

[0056] In accordance with certain preferred embodiments
of this invention there are provided polynucleotides that
hybridize, particularly under stringent conditions, to
BASBO040 polynucleotide sequences, such as those poly-
nucleotides in SEQ ID NO:1, 3, 5.

[0057] The invention further relates to polynucleotides
that hybridize to the polynucleotide sequences provided
herein. In this regard, the invention especially relates to
polynucleotides that hybridize under stringent conditions to
the polynucleotides described herein. As herein used, the
terms “stringent conditions” and “stringent hybridization
conditions” mean hybridization occurring only if there is at
least 95% and preferably at least 97% identity between the
sequences. A specific example of stringent hybridization
conditions is overnight incubation at 42° C. in a solution
comprising: 50% formamide, 5xSSC (150 mM NaCl, 15
mM trisodium citrate), 50 mM sodium phosphate (pH7.6),
SxDenhardt’s solution, 10% dextran sulfate, and 20 micro-
grams/ml of denatured, sheared salmon sperm DNA, fol-
lowed by washing the hybridization support in 0.1xSSC at
about 65° C. Hybridization and wash conditions are well
known and exemplified in Sambrook, et al., Molecular
Cloning: A Laboratory Manual, Second FEdition, Cold
Spring Harbor, N.Y., (1989), particularly Chapter 11 therein.
Solution hybridization may also be used with the polynucle-
otide sequences provided by the invention.

[0058] The invention also provides a polynucleotide con-
sisting of or comprising a polynucleotide sequence obtained
by screening an appropriate library containing the complete
gene for a polynucleotide sequence set forth in SEQ ID
NO:1, 3, 5 under stringent hybridization conditions with a
probe having the sequence of said polynucleotide sequence
set forth in SEQ ID NO:1, 3, 5 or a fragment thereof; and
isolating said polynucleotide sequence. Fragments useful for
obtaining such a polynucleotide include, for example,
probes and primers fully described elsewhere herein.

[0059] As discussed elsewhere herein regarding poly-
nucleotide assays of the invention, for instance, the poly-
nucleotides of the invention, may be used as a hybridization
probe for RNA, ¢cDNA and genomic DNA to isolate full-
length cDNAs and genomic clones encoding BASB040 and
to isolate cDNA and genomic clones of other genes that have
a high identity, particularly high sequence identity, to the
BASB040 gene. Such probes generally will comprise at
least 15 nucleotide residues or base pairs. Preferably, such
probes will have at least 30 nucleotide residues or base pairs
and may have at least 50 nucleotide residues or base pairs.
Particularly preferred probes will have at least 20 nucleotide
residues or base pairs and will have less than 30 nucleotide
residues or base pairs.

[0060] A coding region of a BASB040 gene may be
isolated by screening using a DNA sequence provided in
SEQ ID NO:1, 3, 5 to synthesize an oligonucleotide probe.
A labeled oligonucleotide having a sequence complemen-
tary to that of a gene of the invention is then used to screen
a library of cDNA, genomic DNA or mRNA to determine
which members of the library the probe hybridizes to.

[0061] There are several methods available and well
known to those skilled in the art to obtain full-length DNAs,
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or extend short DNAs, for example those based on the
method of Rapid Amplification of cDNA ends (RACE) (see,
for example, Frohman, et al., PNAS USA 85: 8998-9002,
1988). Recent modifications of the technique, exemplified
by the Marathon™ technology (Clontech Laboratories Inc.)
for example, have significantly simplified the search for
longer cDNAs. In the Marathon™ technology, cDNAs have
been prepared from mRNA extracted from a chosen tissue
and an ‘adaptor’ sequence ligated onto each end. Nucleic
acid 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. The
PCR reaction is then repeated using “nested” primers, that
is, primers designed to anneal within the amplified product
(typically an adaptor specific primer that anneals further 3'
in the adaptor sequence and a gene specific primer that
anneals further 5' in the selected gene sequence). The
products of this reaction can then be analyzed by DNA
sequencing and a full-length DNA constructed either by
joining the product directly to the existing DNA to give a
complete sequence, or carrying out a separate full-length
PCR using the new sequence information for the design of
the 5' primer.

[0062] The polynucleotides and polypeptides of the inven-
tion may be employed, for example, as research reagents and
materials for discovery of treatments of and diagnostics for
diseases, particularly human diseases, as further discussed
herein relating to polynucleotide assays.

[0063] The polynucleotides of the invention that are oli-
gonucleotides derived from a sequence of SEQ ID NOS:1-6
may be used in the processes herein as described, but
preferably for PCR, to determine whether or not the poly-
nucleotides identified herein in whole or in part are tran-
scribed in bacteria in infected tissue. It is recognized that
such sequences will also have utility in diagnosis of the stage
of infection and type of infection the pathogen has attained.

[0064] The invention also provides polynucleotides that
encode a polypeptide that is the mature protein plus addi-
tional amino or carboxyl-terminal amino acids, or amino
acids interior to the mature polypeptide (when the mature
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 trans-
port, may lengthen or shorten protein half-life or may
facilitate manipulation of a protein for assay or production,
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.

[0065] For each and every polynucleotide of the invention
there is provided a polynucleotide complementary to it. It is
preferred that these complementary polynucleotides are
fully complementary to each polynucleotide with which they
are complementary.

[0066] A precursor protein, having a mature form of the
polypeptide fused to one or more prosequences may be an
inactive form of the polypeptide. When prosequences are
removed such inactive precursors generally are activated.
Some or all of the prosequences may be removed before
activation. Generally, such precursors are called proproteins.

[0067] In addition to the standard A, G, C, T/U represen-
tations for nucleotides, the term “N” may also be used in
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describing certain polynucleotides of the invention. “N”
means that any of the four DNA or RNA nucleotides may
appear at such a designated position in the DNA or RNA
sequence, except it is preferred that N is not a nucleic acid
that when taken in combination with adjacent nucleotide
positions, when read in the correct reading frame, would
have the effect of generating a premature termination codon
in such reading frame.

[0068] In sum, a polynucleotide of the invention may
encode a mature protein, a mature protein plus a leader
sequence (which may be referred to as a preprotein), a
precursor of a mature protein having one or more prose-
quences that are not the leader sequences of a preprotein, or
a preproprotein, which is a precursor to a proprotein, having
a leader sequence and one or more prosequences, which
generally are removed during processing steps that produce
active and mature forms of the polypeptide.

[0069] Inaccordance with an aspect of the invention, there
is provided the use of a polynucleotide of the invention for
therapeutic or prophylacetic purposes, in particular genetic
immunization.

[0070] The use of a polynucleotide of the invention in
genetic immunization will preferably employ a suitable
delivery method such as direct injection of plasmid DNA
into muscles (Wolff et al., Hum Mol Genet (1992) 1: 363,
Manthorpe et al., Hum. Gene Ther. (1983) 4: 419), delivery
of DNA complexed with specific protein carriers (Wu et al.,
J Biol. Chem. (1989) 264: 16985), coprecipitation of DNA
with calcium phosphate (Benvenisty & Reshef, PNAS USA,
(1986) 83: 9551), encapsulation of DNA in various forms of
liposomes (Kaneda et al., Science (1989) 243: 375), particle
bombardment (Tang et al., Nature (1992) 356: 152, Eisen-
braun et al., DNA Cell Biol (1993) 12: 791) and in vivo
infection using cloned retroviral vectors (Seeger et al., PNAS
USA (1984) 81: 5849).

Vectors, Host Cells, Expression Systems

[0071] The invention also relates to vectors that comprise
a polynucleotide or polynucleotides of the invention, host
cells that are genetically engineered with vectors of the
invention and the production of polypeptides of the inven-
tion by recombinant techniques. Cell-free translation sys-
tems can also be employed to produce such proteins using
RNAs derived from the DNA constructs of the invention.

[0072] Recombinant polypeptides of the present invention
may be prepared by processes well known in those skilled in
the art from genetically engineered host cells comprising
expression systems. Accordingly, in a further aspect, the
present invention relates to expression systems that com-
prise a polynucleotide or polynucleotides of the present
invention, to host cells which are genetically engineered
with such expression systems, and to the production of
polypeptides of the invention by recombinant techniques.

[0073] For recombinant production of the polypeptides of
the invention, host cells can be genetically engineered to
incorporate expression systems or portions thereof or poly-
nucleotides of the invention. Introduction of a polynucle-
otide into the host cell can be effected by methods described
in many standard laboratory manuals, such as Davis, et al.,
BASIC METHODS IN MOLECULAR BIOLOGY, (1986)
and Sambrook, et al., MOLECULAR CLONING: A LABO-
RATORYMANUAL, 2nd Ed., Cold Spring Harbor Labora-
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tory Press, Cold Spring Harbor, N.Y. (1989), such as,
calcium phosphate transfection, DEAE-dextran mediated
transfection, transvection, microinjection, cationic lipid-me-
diated transfection, electroporation, transduction, scrape
loading, ballistic introduction and infection.

[0074] Representative examples of appropriate hosts
include bacterial cells, such as cells of streptococci, staphy-
lococci, enterococci, E. coli, streptomyces, cyanobacteria,
Bacillus subtilis, Moraxella catarrhalis, Haemophilus influ-
enzae and Neisseria meningitidis; fungal cells, such as cells
of a yeast, Kluveromyces, Saccharomyces, a basidiomycete,
Candida albicans and Aspergillus; insect cells such as cells
of Drosophila S2 and Spodoptera Sf9; animal cells such as
CHO, COS, HeLa, C127,3T3, BHK, 293, CV-1 and Bowes
melanoma cells; and plant cells, such as cells of a gymno-
sperm or angiosperm.

[0075] A great variety of expression systems can be used
to produce the polypeptides of the invention. Such vectors
include, among others, chromosomal-, episomal- and virus-
derived vectors, for example, vectors derived from bacterial
plasmids, from bacteriophage, from transposons, from yeast
episomes, from insertion elements, from yeast chromosomal
elements, from viruses such as baculoviruses, papova
viruses, such as SV40, vaccinia viruses, adenoviruses, fowl
pox viruses, pseudorabies viruses, picomaviruses, retrovi-
ruses, and alphaviruses and vectors derived from combina-
tions thereof, such as those derived from plasmid and
bacteriophage genetic eclements, 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 maintain, propa-
gate or express polynucleotides and/or to express a polypep-
tide in a host may be used for expression in this regard. The
appropriate DNA sequence may be inserted into the expres-
sion system by any of a variety of well-known and routine
techniques, such as, for example, those set forth in Sam-
brook et al., MOLECULAR CLONING, A LABORATORY
MANUAL, (supra).

[0076] In recombinant expression systems in eukaryotes,
for secretion of a translated protein into the lumen of the
endoplasmic reticulum, into the periplasmic space or into
the extracellular environment, appropriate secretion signals
may be incorporated into the expressed polypeptide. These
signals may be endogenous to the polypeptide or they may
be heterologous signals.

[0077] Polypeptides of the present invention can be recov-
ered and purified from recombinant cell cultures by well-
known methods including ammonium sulfate or ethanol
precipitation, acid extraction, anion or cation exchange
chromatography, phosphocellulose chromatography, hydro-
phobic interaction chromatography, affinity chromatogra-
phy, hydroxylapatite chromatography and lectin chromatog-
raphy. Most preferably, ion metal affinity chromatography
(IMAC) is employed for purification. Well known tech-
niques for refolding proteins may be employed to regenerate
active conformation when the polypeptide is denatured
during intracellular synthesis, isolation and or purification.

[0078] The expression system may also be a recombinant
live microorganism, such as a virus or bacterium. The gene
of interest can be inserted into the genome of a live recom-
binant virus or bacterium. Inoculation and in vivo infection
with this live vector will lead to in vivo expression of the
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antigen and induction of immune responses. Viruses and
bacteria used for this purpose are for instance: poxviruses
(e.g; vaccinia, fowlpox, canarypox), alphaviruses (Sindbis
virus, Semliki Forest Virus, Venezuelian Equine Encepha-
litis Virus), adenoviruses, adeno-associated virus, picoma-
viruses (poliovirus, rhinovirus), herpesviruses (varicella
zoster virus, etc), Listeria, Salmonella, Shigella, Neisseria,
BCG. These viruses and bacteria can be virulent, or attenu-
ated in various ways in order to obtain live vaccines. Such
live vaccines also form part of the invention.

Diagnostic, Prognostic, Serotyping and Mutation Assays

[0079] This invention is also related to the use of
BASBO040 polynucleotides and polypeptides of the inven-
tion for use as diagnostic reagents. Detection of BASB040
polynucleotides and/or polypeptides in a eukaryote, particu-
larly a mammal, and especially a human, will provide a
diagnostic method for diagnosis of disease, staging of dis-
ease or response of an infectious organism to drugs. Eukary-
otes, particularly mammals, and especially humans, particu-
larly those infected or suspected to be infected with an
organism comprising the BASB040 gene or protein, may be
detected at the nucleic acid or amino acid level by a variety
of well known techniques as well as by methods provided
herein.

[0080] Polypeptides and polynucleotides for prognosis,
diagnosis or other analysis may be obtained from a puta-
tively infected and/or infected individual’s bodily materials.
Polynucleotides from any of these sources, particularly
DNA or RNA, may be used directly for detection or may be
amplified enzymatically by using PCR or any other ampli-
fication technique prior to analysis. RNA, 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. 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 be identified by hybrid-
izing amplified DNA to labeled BASB040 polynucleotide
sequences. Perfectly or significantly matched sequences can
be distinguished from imperfectly or more significantly
mismatched duplexes by DNase or RNase digestion, for
DNA or RNA respectively, or by detecting differences in
melting temperatures or renaturation kinetics. Polynucle-
otide sequence differences may also be detected by alter-
ations in the electrophoretic mobility of polynucleotide
fragments in gels as compared to a reference sequence. This
may be carried out with or without denaturing agents.
Polynucleotide differences may also be detected by direct
DNA or RNA sequencing. See, for example, Myers et al.,
Science, 230: 1242 (1985). Sequence changes at specific
locations also may be revealed by nuclease protection
assays, such as RNase, Vi and S1 protection assay or a
chemical cleavage method. See, for example, Cotton et al.,
Proc. Natl. Acad. Sci., US4, 85: 4397-4401 (1985).

[0081] In another embodiment, an array of oligonucle-
otides probes comprising BASB040 nucleotide sequence or
fragments thereof can be constructed to conduct efficient
screening of, for example, genetic mutations, serotype,
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taxonomic classification or identification. Array technology
methods are well known and have general applicability and
can be used to address a variety of questions in molecular
genetics including gene expression, genetic linkage, and
genetic variability (see, for example, Chee et al., Science,
274: 610 (1996)).

[0082] Thus in another aspect, the present invention
relates to a diagnostic kit which comprises:

(a) a polynucleotide of the present invention, preferably the
nucleotide sequence of SEQ ID NO:1, 3, 5, or a fragment
thereof;

(b) a nucleotide sequence complementary to that of (a);

(c) a polypeptide of the present invention, preferably the
polypeptide of SEQ ID NO:2, 4, 6 or a fragment thereof; or

(d) an antibody to a polypeptide of the present invention,
preferably to the polypeptide of SEQ ID NO:2, 4, 6.

[0083] It will be appreciated that in any such kit, (a), (b),
(c) or (d) may comprise a substantial component. Such a kit
will be of use in diagnosing a disease or susceptibility to a
disease, among others.

[0084] This invention also relates to the use of polynucle-
otides of the present invention as diagnostic reagents. Detec-
tion of a mutated form of a polynucleotide of the invention,
preferable, SEQ ID NO:1, 3, 5, which is associated with a
disease or pathogenicity will provide a diagnostic tool that
can add to, or define, a diagnosis of a disease, a prognosis
of'a course of disease, a determination of a stage of disease,
or a susceptibility to a disease, which results from under-
expression, over-expression or altered expression of the
polynucleotide. Organisms, particularly infectious organ-
isms, carrying mutations in such polynucleotide may be
detected at the polynucleotide level by a variety of tech-
niques, such as those described elsewhere herein.

[0085] Cells from an organism carrying mutations or
polymorphisms (allelic variations) in a polynucleotide and/
or polypeptide of the invention may also be detected at the
polynucleotide or polypeptide level by a variety of tech-
niques, to allow for serotyping, for example. For example,
RT-PCR can be used to detect mutations in the RNA. It is
particularly preferred to use RT-PCR in conjunction with
automated detection systems, such as, for example, GeneS-
can. RNA, cDNA or genomic DNA may also be used for the
same purpose, PCR. As an example, PCR primers comple-
mentary to a polynucleotide encoding BASB040 polypep-
tide can be used to identify and analyze mutations.

[0086] 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
BASB040 DNA and/or RNA isolated from a sample derived
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
be subject to various techniques for elucidation of the
polynucleotide sequence. In this way, mutations in the
polynucleotide sequence may be detected and used to diag-
nose and/or prognose the infection or its stage or course, or
to serotype and/or classify the infectious agent.

[0087] The invention further provides a process for diag-
nosing disease, preferably bacterial infections, more prefer-
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ably infections caused by Neisseria meningitidis, compris-
ing determining from a sample derived from an individual,
such as a bodily material, an increased level of expression of
polynucleotide having a sequence of SEQ ID NO:1, 3, 5.
Increased or decreased expression of a BASB040 polynucle-
otide can be measured using any on of the methods well
known in the art for the quantitation of polynucleotides, such
as, for example, amplification, PCR, RT-PCR, RNase pro-
tection, Northern blotting, spectrometry and other hybrid-
ization methods.

[0088] In addition, a diagnostic assay in accordance with
the invention for detecting over-expression of BASB040
polypeptide compared to normal control tissue samples may
be used to detect the presence of an infection, for example.
Assay techniques that can be used to determine levels of a
BASBO040 polypeptide, in a sample derived from a host,
such as a bodily material, are well-known to those of skill in
the art. Such assay methods include radioimmunoassays,
competitive-binding assays, Western Blot analysis, antibody
sandwich assays, antibody detection and ELISA assays.

[0089] The polynucleotides of the invention may be used
as components of polynucleotide arrays, preferably high
density arrays or grids. These high density arrays are par-
ticularly useful for diagnostic and prognostic purposes. For
example, a set of spots each comprising a different gene, and
further comprising a polynucleotide or polynucleotides of
the invention, may be used for probing, such as using
hybridization or nucleic acid amplification, using a probe
obtained or derived from a bodily sample, to determine the
presence of a particular polynucleotide sequence or related
sequence in an individual. Such a presence may indicate the
presence of a pathogen, particularly Neisseria meningitidis,
and may be useful in diagnosing and/or prognosing disease
or a course of disease. A grid comprising a number of
variants of the polynucleotide sequence of SEQ ID NO:1, 3,
5 are preferred. Also preferred is a grid comprising a number
of variants of a polynucleotide sequence encoding the
polypeptide sequence of SEQ ID NO:2, 4, 6.

Antibodies

[0090] The polypeptides and polynucleotides of the inven-
tion or variants thereof, or cells expressing the same can be
used as immunogens to produce antibodies immunospecific
for such polypeptides or polynucleotides respectively.

[0091] In certain preferred embodiments of the invention
there are provided antibodies against BASB040 polypep-
tides or polynucleotides.

[0092] Antibodies generated against the polypeptides or
polynucleotides of the invention can be obtained by admin-
istering the polypeptides and/or polynucleotides of the
invention, or epitope-bearing fragments of either or both,
analogues of either or both, or cells expressing either or
both, to an animal, preferably a nonhuman, using routine
protocols. For preparation of monoclonal antibodies, any
technique known in the art that provides antibodies pro-
duced by continuous cell line cultures can be used.
Examples include various techniques, such as those in
Kohler, G. and Milstein, C., Nature 256: 495-497 (1975);
Kozbor et al., Immunology Today 4: 72 (1983); Cole et al.,
pg. 77-96 in MONOCLONAL ANTIBODIES AND CANCER
THERAPY, Alan R. Liss, Inc. (1985).

[0093] Techniques for the production of single chain anti-
bodies (U.S. Pat. No. 4,946,778) can be adapted to produce
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single chain antibodies to polypeptides or polynucleotides of
this invention. Also, transgenic mice, or other organisms or
animals, such as other mammals, may be used to express
humanized antibodies immunospecific to the polypeptides
or polynucleotides of the invention.

[0094] Alternatively, phage display technology may be
utilized to select antibody genes with binding activities
towards a polypeptide of the invention either from reper-
toires of PCR amplified v-genes of lymphocytes from
humans screened for possessing anti-BASB040 or from
naive libraries (McCafferty, et al., (1990), Nature 348,
552-554; Marks, et al., (1992) Biotechnology 10, 779-783).
The affinity of these antibodies can also be improved by, for
example, chain shuffling (Clackson et al., (1991) Nature
352: 628).

[0095] The above-described antibodies may be employed
to isolate or to identify clones expressing the polypeptides or
polynucleotides of the invention to purify the polypeptides
or polynucleotides by, for example, affinity chromatography.

[0096] Thus, among others, antibodies against BASB040-
polypeptide or BASB040-polynucleotide may be employed
to treat infections, particularly bacterial infections.

[0097] Polypeptide variants include antigenically, epitopi-
cally or immunologically equivalent variants form a par-
ticular aspect of this invention.

[0098] Preferably, the antibody or variant thereof is modi-
fied to make it less immunogenic in the individual. For
example, if the individual is human the antibody may most
preferably be “humanized,” where the complementarity
determining region or regions of the hybridoma-derived
antibody has been transplanted into a human monoclonal
antibody, for example as described in Jones et al. (1986),
Nature 321, 522-525 or Tempest et al., (1991) Biotechnology
9, 266-273.

Antagonists and Agonists—Assays and Molecules

[0099] Polypeptides and polynucleotides of the invention
may also be used to assess the binding of small molecule
substrates and ligands in, for example, cells, cell-free prepa-
rations, chemical libraries, and natural product mixtures.
These substrates and ligands may be natural substrates and
ligands or may be structural or functional mimetics. See,
e.g., Coligan et al., Current Protocols in Immunology 1 (2):
Chapter 5 (1991).

[0100] The screening methods may simply measure the
binding of a candidate compound to the polypeptide or
polynucleotide, or to cells or membranes bearing the
polypeptide or polynucleotide, or a fusion protein of the
polypeptide by means of a label directly or indirectly
associated with the candidate compound. Alternatively, the
screening method may involve competition with a labeled
competitor. Further, these screening methods may test
whether the candidate compound results in a signal gener-
ated by activation or inhibition of the polypeptide or poly-
nucleotide, using detection systems appropriate to the cells
comprising the polypeptide or polynucleotide. Inhibitors of
activation are 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. Constitu-
tively active polypeptide and/or constitutively expressed
polypeptides and polynucleotides may be employed in
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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 polynucleotide, as the case may be. Further,
the screening methods may simply comprise the steps of
mixing a candidate compound with a solution containing a
polypeptide or polynucleotide of the present invention, to
form a mixture, measuring BASB040 polypeptide and/or
polynucleotide activity in the mixture, and comparing the
BASBO040 polypeptide and/or polynucleotide activity of the
mixture to a standard. Fusion proteins, such as those made
from Fc portion and BASB040 polypeptide, as hereinbefore
described, can also be used for high-throughput screening
assays to identify antagonists of the polypeptide of the
present invention, as well as of phylogenetically and/or
functionally related polypeptides (see D. Bennett et al., J
Mol Recognition, 8: 52-58 (1995); and K. Johanson et al., J
Biol Chem, 270(16):9459-9471 (1995)).

[0101] The polynucleotides, polypeptides and antibodies
that bind to and/or interact with a polypeptide of the present
invention may also be used to configure screening methods
for detecting the effect of added compounds on the produc-
tion of mRNA and/or polypeptide in cells. For example, an
ELISA assay may be constructed for measuring secreted or
cell associated levels of polypeptide using monoclonal and
polyclonal antibodies by standard methods known in the art.
This can be used to discover agents which may inhibit or
enhance the production of polypeptide (also called antago-
nist or agonist, respectively) from suitably manipulated cells
or tissues.

[0102] The invention also provides a method of screening
compounds to identify those which enhance (agonist) or
block (antagonist) the action of BASB040 polypeptides or
polynucleotides, particularly those compounds that are bac-
teristatic and/or bactericidal. The method of 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
BASBO040 polypeptide and a labeled substrate or ligand of
such polypeptide is incubated in the absence or the presence
of a candidate molecule that may be a BASB040 agonist or
antagonist. The ability of the candidate molecule to agonize
or antagonize the BASB040 polypeptide is reflected in
decreased binding of the labeled ligand or decreased pro-
duction of product from such substrate. Molecules that bind
gratuitously, i.e., without inducing the effects of BASB040
polypeptide are most likely to be good antagonists. Mol-
ecules that bind well and, as the case may be, increase the
rate of product production from substrate, increase signal
transduction, or increase chemical channel activity are ago-
nists. Detection of the rate or level of, as the case may be,
production of product from substrate, signal transduction, or
chemical channel activity may be enhanced by using a
reporter system. Reporter systems that may be useful in this
regard include but are not limited to colorimetric, labeled
substrate converted into product, a reporter gene that is
responsive to changes in BASB040 polynucleotide or
polypeptide activity, and binding assays known in the art.

[0103] Another example of an assay for BASB040 ago-
nists is a competitive assay that combines BASB040 and a
potential agonist with BASB040-binding molecules, recom-
binant BASB040 binding molecules, natural substrates or
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ligands, or substrate or ligand mimetics, under appropriate
conditions for a competitive inhibition assay. BASB040 can
be labeled, such as by radioactivity or a colorimetric com-
pound, such that the number of BASB040 molecules bound
to a binding molecule or converted to product can be
determined accurately to assess the effectiveness of the
potential antagonist.

[0104] Potential antagonists include, among others, small
organic molecules, peptides, polypeptides and antibodies
that bind to a polynucleotide and/or polypeptide of the
invention and thereby inhibit or extinguish its activity or
expression. Potential antagonists also may be small organic
molecules, a peptide, a polypeptide such as a closely related
protein or antibody that binds the same sites on a binding
molecule, such as a binding molecule, without inducing
BASBO040-induced activities, thereby preventing the action
or expression of BASB040 polypeptides and/or polynucle-
otides by excluding BASB040 polypeptides and/or poly-
nucleotides from binding.

[0105] Potential antagonists include a small molecule that
binds to and occupies the binding site of the polypeptide
thereby preventing binding to cellular binding molecules,
such that normal biological activity is prevented. Examples
of small molecules include but are not limited to small
organic molecules, peptides or peptide-like molecules.
Other potential antagonists include antisense molecules (see
Okano, J. Neurochem. 56: 560 (1991); OLIGODEOXYNU-
CLEO TIDES AS ANTISENSE INHIBITORS OF GENE
EXPRESSION, CRC Press, Boca Raton, Fla. (1988), for a
description of these molecules). Preferred potential antago-
nists include compounds related to and variants of
BASB040.

[0106] In a further aspect, the present invention relates to
genetically engineered soluble fusion proteins comprising a
polypeptide of the present invention, or a fragment thereof,
and various portions of the constant regions of heavy or light
chains of immunoglobulins of various 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. In a particular
embodiment, the Fc part can be removed simply by incor-
poration 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 engineering, and to the use thereof for drug screen-
ing, diagnosis and therapy. A further aspect of the invention
also relates to polynucleotides encoding such fusion pro-
teins. Examples of fusion protein technology can be found
in International Patent Application Nos. W(094/29458 and
W094/22914.

[0107] Each of the polynucleotide sequences provided
herein may be used in the discovery and development of
antibacterial compounds. The encoded protein, upon expres-
sion, can be used as a target for the screening of antibacterial
drugs. Additionally, the polynucleotide sequences encoding
the amino terminal regions of the encoded protein or Shine-
Delgarno or other translation facilitating sequences of the
respective mRNA can be used to construct antisense
sequences to control the expression of the coding sequence
of interest.

[0108] The invention also provides the use of the polypep-
tide, polynucleotide, agonist or antagonist of the invention to
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interfere with the initial physical interaction between a
pathogen or pathogens and a eukaryotic, preferably mam-
malian, host responsible for sequelae of infection. In par-
ticular, the molecules of the invention may be used: in the
prevention of adhesion of bacteria, in particular gram posi-
tive and/or gram negative bacteria, to eukaryotic, preferably
mammalian, extracellular matrix proteins on in-dwelling
devices or to extracellular matrix proteins in wounds; to
block bacterial adhesion between eukaryotic, preferably
mammalian, extracellular matrix proteins and bacterial
BASBO040 proteins that mediate tissue damage and/or; to
block the normal progression of pathogenesis in infections
initiated other than by the implantation of in-dwelling
devices or by other surgical techniques.

[0109] In accordance with yet another aspect of the inven-
tion, there are provided BASB040 agonists and antagonists,
preferably bacteristatic or bactericidal agonists and antago-
nists.

[0110] The antagonists and agonists of the invention may
be employed, for instance, to prevent, inhibit and/or treat
diseases.

[0111] In a further aspect, the present invention relates to
mimotopes of the polypeptide of the invention. A mimotope
is a peptide sequence, sufficiently similar to the native
peptide (sequentially or structurally), which is capable of
being recognized by antibodies which recognise the native
peptide; or is capable of raising antibodies which recognise
the native peptide when coupled to a suitable carrier.

[0112] Peptide mimotopes may be designed for a particu-
lar purpose by addition, deletion or substitution of elected
amino acids. Thus, the peptides may be modified for the
purposes of ease of conjugation to a protein carrier. For
example, it may be desirable for some chemical conjugation
methods to include a terminal cysteine. In addition it may be
desirable for peptides conjugated to a protein carrier to
include a hydrophobic terminus distal from the conjugated
terminus of the peptide, such that the free unconjugated end
of the peptide remains associated with the surface of the
carrier protein. Thereby presenting the peptide in a confor-
mation which most closely resembles that of the peptide as
found in the context of the whole native molecule. For
example, the peptides may be altered to have an N-terminal
cysteine and a C-terminal hydrophobic amidated tail. Alter-
natively, the addition or substitution of a D-stereoisomer
form of one or more of the amino acids may be performed
to create a beneficial derivative, for example to enhance
stability of the peptide.

[0113] Alternatively, peptide mimotopes may be identified
using antibodies which are capable themselves of binding to
the polypeptides of the present invention using techniques
such as phage display technology (EP 0 552 267 B1). 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 peptide antibod-
ies, but may not necessarily themselves share significant
sequence homology to the native polypeptide.

Vaccines

[0114] Another aspect of the invention relates to a method
for inducing an immunological response in an individual,
particularly a mammal, preferably humans, which comprises
inoculating the individual with BASB040 polynucleotide
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and/or polypeptide, or a fragment or variant thereof,
adequate to produce antibody and/or T cell immune response
to protect said individual from infection, particularly bacte-
rial infection and most particularly Neisseria meningitidis
infection. Also provided are methods whereby such immu-
nological response slows bacterial replication. Yet another
aspect of the invention relates to a method of inducing
immunological response in an individual which comprises
delivering to such individual a nucleic acid vector, sequence
or ribozyme to direct expression of BASB040 polynucle-
otide and/or polypeptide, or a fragment or a variant thereof,
for expressing BASB040 polynucleotide and/or polypep-
tide, or a fragment or a variant thereof in vivo in order to
induce an immunological response, such as, to produce
antibody and/or T cell immune response, including, for
example, cytokine-producing T cells or cytotoxic T cells, to
protect said individual, preferably a human, from disease,
whether that disease is already established within the indi-
vidual or not. One example of administering the gene is by
accelerating it into the desired cells as a coating on particles
or otherwise. Such nucleic acid vector may comprise DNA,
RNA, a ribozyme, a modified nucleic acid, a DNA/RNA
hybrid, a DNA-protein complex or an RNA-protein com-
plex.

[0115] A further aspect of the invention relates to an
immunological composition that when introduced into an
individual, preferably a human, capable of having induced
within it an immunological response, induces an immuno-
logical response in such individual to a BASB040 poly-
nucleotide and/or polypeptide encoded therefrom, wherein
the composition comprises a recombinant BASB040 poly-
nucleotide and/or polypeptide encoded therefrom and/or
comprises DNA and/or RNA which encodes and expresses
an antigen of said BASB040 polynucleotide, polypeptide
encoded therefrom, or other polypeptide of the invention.
The immunological response may be used therapeutically or
prophylactically and may take the form of antibody immu-
nity and/or cellular immunity, such as cellular immunity
arising from CTL or CD4+ T cells.

[0116] ABASBO040 polypeptide or a fragment thereof may
be fused with co-protein or chemical moiety which may or
may not by itself produce antibodies, but which is capable
of stabilizing the first protein and producing a fused or
modified protein which will have antigenic and/or immu-
nogenic properties, and preferably protective properties.
Thus fused recombinant protein, preferably further com-
prises an antigenic co-protein, such as lipoprotein D from
Haemophilus influenzae, Glutathione-5-transferase (GST)
or beta-galactosidase, or any other relatively large co-pro-
tein which solubilizes the protein and facilitates production
and purification thereof. Moreover, the co-protein may act as
an adjuvant in the sense of providing a generalized stimu-
lation of the immune system of the organism receiving the
protein. The co-protein may be attached to either the amino-
or carboxy-terminus of the first protein.

[0117] In a vaccine composition according to the inven-
tion, a BASB040 polypeptide and/or polynucleotide, or a
fragment, or a mimotope, or a variant thereof may be present
in a vector, such as the live recombinant vectors described
above for example live bacterial vectors.

[0118] Also suitable are non-live vectors for the BASB040
polypeptide, for example bacterial outer-membrane vesicles
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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 bacteria
(Zhou, L et al. 1998. FEMS Microbiol. Lett. 163: 223-228)
including C. trachomatis and C. psittaci. A non-exhaustive
list of bacterial pathogens reported to produce blebs also
includes: Bordetella pertussis, Borrelia burgdorferi, Bru-
cella melitensis, Brucella ovis, Esherichia coli, Haemophi-
lus influenza, Legionella pneumophila, Neisseria gonor-
rhoeae, Neisseria meningitidis, Pseudomonas aeruginosa
and Yersinia enterocolitica.

[0119] Blebs have the advantage of providing outer-mem-
brane proteins in their native conformation and are thus
particularly useful for vaccines. Blebs can also be improved
for vaccine use by engineering the bacterium so as to modify
the expression of one or more molecules at the outer
membrane. Thus for example the expression of a desired
immunogenic protein at the outer membrane, such as the
BASBO040 polypeptide, can be introduced or upregulated
(e.g. by altering the promoter). Instead or in addition, the
expression of outer-membrane molecules which are either
not relevant (e.g. unprotective antigens or immunodominant
but variable proteins) or detrimental (e.g. toxic molecules
such as LPS, or potential inducers of an autoimmune
response) can be down-regulated. These approaches are
discussed in more detail below.

[0120] The non-coding flanking regions of the BASB040
gene contain regulatory elements important in the expres-
sion of the gene. This regulation takes place both at the
transcriptional and translational level. The sequence of these
regions, either upstream or downstream of the open reading
frame of the gene, can be obtained by DNA sequencing. This
sequence information allows the determination of potential
regulatory motifs such as the different promoter elements,
terminator sequences, inducible sequence elements, repres-
sors, elements responsible for phase variation, the shine-
dalgarno sequence, regions with potential secondary struc-
ture involved in regulation, as well as other types of
regulatory motifs or sequences. A region directly upstream
of the BASB040 gene is given in Sequence 1D No: 11 This
sequence is a further aspect of the invention.

[0121] This sequence information allows the modulation
of' the natural expression of the BASB040 gene. The upregu-
lation of the gene expression may be accomplished by
altering the promoter, the shine-dalgarno sequence, potential
repressor or operator elements, or any other elements
involved. Likewise, downregulation of expression can be
achieved by similar types of modification. Alternatively, by
changing phase variation sequences, the expression of the
gene can be put under phase variation control, or it may be
uncoupled from this regulation. In another approach, the
expression of the gene can be put under the control of one
or more inducible elements allowing regulated expression.
Examples of such regulation include, but are not limited to,
induction by temperature shift, addition of inductor sub-
strates like selected carbohydrates or their derivatives, trace
elements, vitamins, co-factors, metal ions, etc.

[0122] Such modifications as described above can be
introduced by several different means. The modification of
sequences involved in gene expression can be carried out in
vivo by random mutagenesis followed by selection for the
desired phenotype. Another approach consists in isolating
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the region of interest and modifying it by random mutagen-
esis, or site-directed replacement, insertion or deletion
mutagenesis. The modified region can then be reintroduced
into the bacterial genome by homologous recombination,
and the effect on gene expression can be assessed. In another
approach, the sequence knowledge of 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 elements from another gene, a combination of
regulatory elements from different genes, a synthetic regu-
latory region, or any other regulatory region, or to delete
selected parts of the wild-type regulatory sequences. These
modified sequences can then be reintroduced into the bac-
terium via homologous recombination into the genome. A
non-exhaustive list of preferred promoters that could be used
for up-regulation of gene expression includes the promoters
porA, porB, 1bpB, tbpB, p110, 1st, hpuAB from N. menin-
gitidis or N. gonorroheae; ompCD, copB, lbpB, ompE,
UspAl; UspA2; TbpB from M. Catarrhalis; pl, p2, p4, pS,
p6, IpD, tbpB, D15, Hia, Hmw1, Hmw2 from H. influenzae.

[0123] In one example, the expression of the gene can be
modulated by exchanging its promoter with a stronger
promoter (through isolating the upstream sequence of the
gene, in vitro modification of this sequence, and reintroduc-
tion into the genome by homologous recombination).
Upregulated expression can be obtained in both the bacte-
rium as well as in the outer membrane vesicles shed (or
made) from the bacterium.

[0124] In other examples, the described approaches can be
used to generate recombinant bacterial strains with
improved characteristics for vaccine applications. These can
be, but are not limited to, attenuated strains, strains with
increased expression of selected antigens, strains with
knock-outs (or decreased expression) of genes interfering
with the immune response, strains with modulated expres-
sion of immunodominant proteins, strains with modulated
shedding of outer-membrane vesicles.

[0125] Thus, also provided by the invention is a modified
upstream region of the BASB040 gene, particularly the part
of the upstream region identified in Sequence ID No: 11,
which modified upstream region contains a heterologous
regulatory element which alters the expression level of the
BASBO040 protein located at the outer membrane. The
upstream region according to this aspect of the invention
includes the sequence upstream of the BASB040 gene. The
upstream region starts immediately upstream of the
BASBO040 gene 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) the upstream region can start immedi-
ately preceding the gene of interest, or preceding the first
gene in the operon. Preferably, a modified upstream region
according to this aspect of the invention contains a heter-
ologous promotor at a position between 500 and 700 bp
upstream of the ATG.

[0126] Thus, the invention provides a BASB040 polypep-
tide, in a modified bacterial bleb. The invention further
provides modified host cells capable of producing the non-
live membrane-based bleb vectors. The invention further
provides nucleic acid vectors comprising the BASB040 gene
having a modified upstream region containing a heterolo-
gous regulatory element.
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[0127] Further provided by the invention are processes to
prepare the host cells and bacterial blebs according to the
invention.

[0128] Also provided by this invention are compositions,
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).

[0129] Also, provided by this invention are methods using
the described polynucleotide or particular fragments thereof,
which have been shown to encode non-variable regions of
bacterial cell surface proteins, in polynucleotide constructs
used in such genetic immunization experiments in animal
models of infection with Neisseria meningitidis. Such
experiments will be particularly useful for identifying pro-
tein epitopes able to provoke a prophylacetic or therapeutic
immune response. It is believed that this approach will allow
for the subsequent preparation of monoclonal antibodies of
particular value, derived from the requisite organ of the
animal successfully resisting or clearing infection, for the
development of prophylacetic agents or therapeutic treat-
ments of bacterial infection, particularly Neisseria menin-
gitidis infection, in mammals, particularly humans.

[0130] The invention also includes a vaccine formulation
which comprises an immunogenic recombinant polypeptide
and/or polynucleotide of the invention together with a
suitable carrier, such as a pharmaceutically acceptable car-
rier. Since the polypeptides and polynucleotides may be
broken down in the stomach, each is preferably administered
parenterally, including, for example, administration that is
subcutaneous, intramuscular, intravenous, or intradermal.
Formulations suitable for parenteral administration include
aqueous and non-aqueous sterile injection solutions which
may contain anti-oxidants, buffers, bacteristatic compounds
and solutes which render the formulation isotonic with the
bodily fluid, preferably the blood, of the individual; and
aqueous and non-aqueous sterile suspensions which may
include suspending agents or thickening agents. The formu-
lations may be presented in unit-dose or multi-dose contain-
ers, for example, sealed 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.

[0131] The vaccine formulation of the invention may also
include adjuvant systems for enhancing the immunogenicity
of the formulation. Preferably the adjuvant system raises
preferentially a TH1 type of response.

[0132] Animmune response may be broadly distinguished
into two extreme categories, being a humoral or cell medi-
ated immune responses (traditionally characterised by anti-
body and cellular effector mechanisms of protection respec-
tively). These categories of response have been termed
TH1-type responses (cell-mediated response), and TH2-type
immune responses (humoral response).

[0133] Extreme TH1-type immune responses may be char-
acterised by the generation of antigen specific, haplotype
restricted cytotoxic T lymphocytes, and natural killer cell
responses. In mice TH1-type responses are often character-
ised by the generation of antibodies of the IgGG2a subtype,
whilst in the human these correspond to IgG1 type antibod-
ies. TH2-type immune responses are characterised by the
generation of a broad range of immunoglobulin isotypes
including in mice IgG1, IgA, and IgM.
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[0134] Tt can be considered that the driving force behind
the development of these two types of immune responses are
cytokines. High levels of TH1-type cytokines tend to favour
the induction of cell mediated immune responses to the
given antigen, whilst high levels of TH2-type cytokines tend
to favour the induction of humoral immune responses to the
antigen.

[0135] The distinction of TH1 and TH2-type immune
responses is not absolute. In reality an individual will
support an immune response which is described as being
predominantly TH1 or predominantly TH2. However, it is
often convenient to consider the families of cytokines in
terms of that described in murine CD4+ ve T cell clones by
Mosmann and Coffman (Mosmann, 1. R. and Coffinan, R. L.
(1989) TH1 and TH2 cells: different patterns of lymphokine
secretion lead to different functional properties. Annual
Review of Immunology, 7, p145-173). Traditionally, TH1-
type responses are associated with the production of the
INF-y and IL-2 cytokines by T-lymphocytes. Other cytok-
ines often directly associated with the induction of TH1-type
immune responses are not produced by T-cells, such as
IL-12. In contrast, TH2-type responses are associated with
the secretion of I1L-4, IL-5, IL-6 and IL-13.

[0136] It is known that certain vaccine adjuvants are
particularly suited to the stimulation of either TH1 or
TH2-type cytokine responses. Traditionally the best indica-
tors of the TH1:TH2 balance of the immune response after
a vaccination or infection includes direct measurement of
the production of TH1 or TH2 cytokines by T lymphocytes
in vitro after restimulation with antigen, and/or the mea-
surement of the IgG1:1gG2a ratio of antigen specific anti-
body responses.

[0137] Thus, a TH1-type adjuvant is one which preferen-
tially stimulates isolated T-cell populations to produce high
levels of TH1-type cytokines when re-stimulated with anti-
gen in vitro, and promotes development of both CD8+
cytotoxic T lymphocytes and antigen specific immunoglo-
bulin responses associated with TH1-type isotype.

[0138] Adjuvants which are capable of preferential stimu-
lation of the TH1 cell response are described in International
Patent Application No. WO 94/00153 and WO 95/17209.

[0139] 3 De-O-acylated monophosphoryl lipid A (3D-
MPL) is one such adjuvant. This is known from GB 2220211
(Ribi). Chemically it is a mixture of 3 De-O-acylated
monophosphoryl lipid A with 4, 5 or 6 acylated chains and
is manufactured by Ribi Immunochem, Mont. A preferred
form of 3 De-O-acylated monophosphoryl lipid A is dis-
closed in European Patent 0 689 454 Bl (SmithKline
Beecham Biologicals SA).

[0140] Preferably, the particles of 3D-MPL are small
enough to be sterile filtered through a 0.22 micron mem-
brane (European Patent number 0 689 454).

3D-MPL will be present in the range of 10 ng-100 ng
preferably 25-50 pg per dose wherein the antigen will
typically be present in a range 2-50 pg per dose.

[0141] Another preferred adjuvant comprises QS21, an
Hplc purified non-toxic fraction derived from the bark of
Quillaja Saponaria Molina. Optionally this may be admixed
with 3 De-O-acylated monophosphoryl lipid A (3D-MPL),
optionally together with a carrier.
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[0142] The method of production of QS21 is disclosed in
U.S. Pat. No. 5,057,540.

[0143] Non-reactogenic adjuvant formulations containing
QS21 have been described previously (WO 96/33739). Such
formulations comprising QS21 and cholesterol have been
shown to be successful TH1 stimulating adjuvants when
formulated together with an antigen.

[0144] Further adjuvants which are preferential stimula-
tors of TH1 cell response include immunomodulatory oli-
gonucleotides, for example unmethylated CpG sequences as
disclosed in WO 96/02555.

[0145] Combinations of different TH1 stimulating adju-
vants, such as those mentioned hereinabove, are also con-
templated as providing an adjuvant which is a preferential
stimulator of TH1 cell response. For example, QS21 can be
formulated together with 3D-MPL. The ratio of QS21:3D-
MPL will typically be in the order of 1:10 to 10:1; preferably
1:5t0 5:1 and often substantially 1:1. The preferred range for
optimal synergy is 2.5:1 to 1:13D-MPL: QS21.

[0146] Preferably a carrier is also present in the vaccine
composition according to the invention. The carrier may be
an oil in water emulsion, or an aluminium salt, such as
aluminium phosphate or aluminium hydroxide.

[0147] A preferred oil-in-water emulsion comprises a
metabolisible oil, 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 emulsion.
Additionally the oil in water emulsion may contain span 85
and/or lecithin and/or tricaprylin.

[0148] Typically for human administration QS21 and
3D-MPL will be present in a vaccine in the range of 1
ng-200 ng, such as 10-100 pg, preferably 10 ng-50 pg per
dose. Typically the oil in water will comprise from 2 to 10%
squalene, from 2 to 10% alpha tocopherol and from 0.3 to
3% tween 80. Preferably the ratio of squalene:alpha toco-
pherol is equal to or less than 1 as this provides a more stable
emulsion. Span 85 may also be present at a level of 1%. In
some cases it may be advantageous that the vaccines of the
present invention will further contain a stabiliser.

[0149] Non-toxic oil in water emulsions preferably con-
tain a non-toxic oil, e.g. squalane or squalene, an emulsifier,
e.g. Tween 80, in an aqueous carrier. The aqueous carrier
may be, for example, phosphate buffered saline.

[0150] A particularly potent adjuvant formulation involv-
ing QS21, 3D-MPL and tocopherol in an oil in water
emulsion is described in WO 95/17210.

[0151] The present invention also provides a polyvalent
vaccine composition comprising a vaccine formulation of
the invention in combination with other antigens, in particu-
lar antigens useful for treating cancers, autoimmune diseases
and related conditions. Such a polyvalent vaccine compo-
sition may include a TH-1 inducing adjuvant as hereinbefore
described.

[0152] While the invention has been described with ref-
erence to certain BASB040 polypeptides and polynucle-
otides, it is to be understood that this covers fragments of the
naturally occurring polypeptides and polynucleotides, and
similar polypeptides and polynucleotides with additions,
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deletions or substitutions which do not substantially affect
the immunogenic properties of the recombinant polypep-
tides or polynucleotides.

[0153] The antigen can also be delivered in the form of
whole bacteria (dead or alive) or as subcellular fractions,
these possibilities do include N. meningitidis itself.

Compositions, Kits and Administration

[0154] In a further aspect of the invention there are
provided compositions comprising a BASB040 polynucle-
otide and/or a BASB040 polypeptide for administration to a
cell or to a multicellular organism.

[0155] The invention also relates to compositions com-
prising a polynucleotide and/or a polypeptide discussed
herein or their agonists or antagonists. The polypeptides and
polynucleotides of the invention may be employed in com-
bination with a non-sterile or sterile carrier or carriers for use
with cells, tissues or organisms, such as a pharmaceutical
carrier suitable for administration to an individual. Such
compositions comprise, for instance, a media additive or a
therapeutically effective amount of a polypeptide and/or
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 invention fur-
ther 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.

[0156] Polypeptides, polynucleotides and other com-
pounds of the invention may be employed alone or in
conjunction with other compounds, such as therapeutic
compounds.

[0157] The pharmaceutical compositions may be admin-
istered in any effective, convenient manner including, for
instance, administration by topical, oral, anal, vaginal, intra-
venous, intraperitoneal, intramuscular, subcutaneous, intra-
nasal or intradermal routes among others.

[0158] In therapy or as a prophylacetic, the active agent
may be administered to an individual as an injectable
composition, for example as a sterile aqueous dispersion,
preferably isotonic. In a further aspect, the present invention
provides for pharmaceutical compositions comprising a
therapeutically effective amount of a polypeptide and/or
polynucleotide, such as the soluble form of a polypeptide
and/or polynucleotide of the present invention, agonist or
antagonist peptide or small molecule compound, in combi-
nation with a pharmaceutically acceptable carrier or excipi-
ent. Such carriers include, but are not limited to, saline,
buffered saline, dextrose, water, glycerol, ethanol, and com-
binations thereof. The invention further relates to pharma-
ceutical packs and kits comprising one or more containers
filled with one or more of the ingredients of the aforemen-
tioned compositions of the invention. Polypeptides, poly-
nucleotides and other compounds of the present invention
may be employed alone or in conjunction with other com-
pounds, such as therapeutic compounds.

[0159] 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 injec-
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tion, typically by intravenous injection. Other injection
routes, such as subcutaneous, intramuscular, or intraperito-
neal, can be used. Alternative means for systemic adminis-
tration include transmucosal and transdermal administration
using penetrants such as bile salts or fusidic acids or other
detergents. In addition, if a polypeptide or other compounds
of the present invention can be formulated in an enteric or
an encapsulated formulation, oral administration may also
be possible. Administration of these compounds may also be
topical and/or localized, in the form of salves, pastes, gels,
solutions, powders and the like.

[0160] For administration to mammals, and particularly
humans, it is expected that the daily dosage level of the
active agent will be from 0.01 mg/kg to 10 mg/kg, typically
around 1 mg/kg. The physician in any event will determine
the actual dosage which will be most suitable for an indi-
vidual and will vary with the age, weight and response of the
particular individual. The above dosages are exemplary of
the average case. There can, of course, be individual
instances where higher or lower dosage ranges are merited,
and such are within the scope of this invention.

[0161] The dosage range required depends on the choice
of peptide, the route of administration, the nature of the
formulation, the nature of the subject’s condition, and the
judgment of the attending practitioner. Suitable dosages,
however, are in the range of 0.1-100 pg/kg of subject.

[0162] A vaccine composition is conveniently in inject-
able form. Conventional adjuvants may be employed to
enhance the immune response. A suitable unit dose for
vaccination is 0.5-5 microgram/kg of antigen, and such dose
is preferably administered 1-3 times and with an interval of
1-3 weeks. With the indicated dose range, no adverse
toxicological effects will be observed with the compounds of
the invention which would preclude their administration to
suitable individuals.

[0163] Wide variations in the needed dosage, however, are
to be expected in view of the variety of compounds available
and the differing efficiencies of various routes of adminis-
tration. For example, oral administration would be expected
to require higher dosages than administration by intravenous
injection. Variations in these dosage levels can be adjusted
using standard empirical routines for optimization, as is well
understood in the art.

Sequence Databases, Sequences in a Tangible Medium, and
Algorithms

[0164] Polynucleotide and polypeptide sequences form a
valuable information resource with which to determine their
2- and 3-dimensional structures as well as to identify further
sequences of similar homology. These approaches are most
easily facilitated by storing the sequence in a computer
readable medium and then using the stored data in a known
macromolecular structure program or to search a sequence
database using well known searching tools, such as the GCG
program package.

[0165] Also provided by the invention are methods for the
analysis of character sequences or strings, particularly
genetic sequences or encoded protein sequences. Preferred
methods of sequence analysis include, for example, methods
of sequence homology analysis, such as identity and simi-
larity analysis, DNA, RNA and protein structure analysis,
sequence assembly, cladistic analysis, sequence motif analy-
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sis, open reading frame determination, nucleic acid base
calling, codon usage analysis, nucleic acid base trimming,
and sequencing chromatogram peak analysis.

[0166] A computer based method is provided for perform-
ing homology identification. This method comprises the
steps of: providing a first polynucleotide sequence compris-
ing the sequence of a polynucleotide of the invention in a
computer readable medium; and comparing said first poly-
nucleotide sequence to at least one second polynucleotide or
polypeptide sequence to identify homology.

[0167] A computer based method is also provided for
performing homology identification, said method compris-
ing the steps of: providing a first polypeptide sequence
comprising the sequence of a polypeptide of the invention in
a computer readable medium; and comparing said first
polypeptide sequence to at least one second polynucleotide
or polypeptide sequence to identify homology.

[0168] All publications and references, including but not
limited to patents and patent applications, cited in this
specification are herein incorporated by reference in their
entirety as if each individual publication or reference were
specifically and individually indicated to be incorporated by
reference herein as being fully set forth. Any patent appli-
cation to which this application claims priority is also
incorporated by reference herein in its entirety in the manner
described above for publications and references.

DEFINITIONS

[0169] “Identity,” as known in the art, is a relationship
between two or more polypeptide sequences or two or more
polynucleotide sequences, as the case may be, as determined
by comparing the sequences. In the art, “identity” also
means the degree of sequence relatedness between polypep-
tide or polynucleotide sequences, as the case may be, as
determined by the match between strings of such sequences.
“Identity” can be readily calculated by known methods,
including but not limited to those described in (Computa-
tional Molecular Biology, Lesk, A. M., ed., Oxford Univer-
sity Press, New York, 1988, Biocomputing: Informatics and
Genome Projects, Smith, D. W., ed., Academic Press, New
York, 1993, Computer Analysis of Sequence Data, Part 1,
Griffin, A. M., and Griffin, H. G., eds., Humana Press, N.J.,
1994; Sequence Analysis in Molecular 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 largest match between the
sequences tested. Moreover, methods to determine identity
are codified in publicly available computer programs. Com-
puter program methods to determine identity between two
sequences include, but are not limited to, the GAP program
in the GCG program package (Devereux, I., et al., Nucleic
Acids Research 12(1): 387 (1984)), BLASTP, BLASTN
(Altschul, S. F. et al., J. Mol. Biol. 215: 403-410 (1990), and
FASTA (Pearson and Lipman Proc. Natl. Acad. Sci. USA 85;
2444-2448 (1988). The BLAST family of programs is
publicly available from NCBI and other sources (BLAST
Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md.
20894; Altschul, S., et al., J. Mol. Biol. 215: 403-410 (1990).
The well known Smith Waterman algorithm may also be
used to determine identity.
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[0170] Parameters for polypeptide sequence comparison
include the following:

[0171] Algorithm: Needleman and Wunsch, J. Mol. Biol.
48: 443-453 (1970)

[0172] Comparison matrix: BLOSSUM62 from Henikoff
and Henikoff,

[0173] Proc. Natl. Acad. Sci. USA. 89: 10915-10919
(1992)

[0174] Gap Penalty: 8

[0175] Gap Length Penalty: 2

[0176] A program useful with these parameters is publicly

available as the “gap” program from Genetics Computer
Group, Madison Wis. The aforementioned parameters are
the default parameters for peptide comparisons (along with
no penalty for end gaps).

[0177] Parameters for polynucleotide comparison include
the following:

[0178] Algorithm: Needleman and Wunsch, J. Mol. Biol.
48: 443-453 (1970)

[0179] Comparison matrix: matches=+10, mismatch=0
[0180] Gap Penalty: 50
[0181] Gap Length Penalty: 3

[0182] Available as: The “gap” program from Genetics
Computer Group, Madison Wis. These are the default
parameters for nucleic acid comparisons.

[0183] A preferred meaning for “identity” for polynucle-
otides and polypeptides, as the case may be, are provided in
(1) and (2) below.

[0184] (1) Polynucleotide embodiments further include an
isolated polynucleotide comprising a polynucleotide
sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or
100% identity to the reference sequence of SEQ ID NO:1,
wherein said polynucleotide sequence may be identical to
the reference sequence of SEQ ID NO:1 or may include up
to a certain integer number of nucleotide alterations as
compared to the reference sequence, wherein said alterations
are selected from the group consisting of at least one
nucleotide deletion, substitution, including transition and
transversion, or insertion, and wherein said alterations may
occur at the 5' or 3' terminal positions of the reference
nucleotide sequence or anywhere between those terminal
positions, interspersed either individually among the nucle-
otides in the reference sequence or in one or more contigu-
ous groups within the reference sequence, and wherein said
number of nucleotide alterations is determined by multiply-
ing the total number of nucleotides in SEQ ID NO:1 by the
integer defining the percent identity divided by 100 and then
subtracting that product from said total number of nucle-
otides in SEQ ID NO:1, or:

=X, (%),
wherein n,, is the number of nucleotide alterations, x, is the
total number of nucleotides in SEQ ID NO:1, y is 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 * is the symbol for the multiplication operator,
and wherein any non-integer product of x, and y is rounded
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down to the nearest integer prior to subtracting it from x,.
Alterations of a polynucleotide sequence encoding the
polypeptide of SEQ ID NO:2 may create nonsense, missense
or frameshift mutations in this coding sequence and thereby
alter the polypeptide encoded by the polynucleotide follow-
ing such alterations.

[0185] By way of example, a polynucleotide sequence of
the present invention may be identical to the reference
sequence of SEQ ID NO:1, that is it may be 100% identical,
or it may include up to a certain integer number of nucleic
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 nucleic acid deletion, substitution, including transition
and transversion, or insertion, and wherein said alterations
may occur at the 5' or 3' terminal positions of the reference
polynucleotide sequence or anywhere between those termi-
nal positions, interspersed either individually among the
nucleic acids in the reference sequence or in one or more
contiguous groups within the reference sequence. The num-
ber of nucleic acid alterations for a given percent identity is
determined by multiplying the total number of nucleic acids
in SEQ ID NO:1 by the integer defining the percent identity
divided by 100 and then subtracting that product from said
total number of nucleic acids in SEQ ID NO:1, or:

1y EX= (%)

wherein n is the number of nucleic acid alterations, x, is the
total number of nucleic acids in SEQ ID NO:1, y is, for
instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., * is
the symbol for the multiplication operator, and wherein any
non-integer product of x, and y is rounded down to the
nearest integer prior to subtracting it from x .

(2) Polypeptide embodiments further include an isolated
polypeptide comprising a polypeptide having at least a 50,
60, 70, 80, 85, 90, 95, 97 or 100% identity to a polypeptide
reference sequence of SEQ ID NO:2, wherein said polypep-
tide sequence may be identical to the reference sequence of
SEQ ID NO:2 or may include up to 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 least one amino acid deletion, sub-
stitution, including conservative and non-conservative sub-
stitution, or insertion, and wherein said alterations may
occur at the amino- or carboxy-terminal positions of the
reference polypeptide sequence or anywhere between those
terminal positions, interspersed either individually among
the amino acids in the reference sequence or in one or more
contiguous groups within the reference sequence, and
wherein said number of amino acid alterations is determined
by multiplying the total number of amino acids in SEQ ID
NO:2 by the integer defining the percent identity divided by
100 and then subtracting that product from said total number
of amino acids in SEQ ID NO:2, or:

12 2X,=(%,%)

wherein n_ is the number of amino acid alterations, x, is the
total number of amino acids in SEQ ID NO:2, y is 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 * is the symbol for the multiplication operator,
and wherein any non-integer product of x, and y is rounded
down to the nearest integer prior to subtracting it from x,.
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[0186] By way of example, a polypeptide sequence of the
present invention may be identical to the reference sequence
of SEQ ID NO:2, that is it may be 100% identical, or it may
include up to a certain integer number of amino acid
alterations as compared to the reference sequence such that
the percent identity is less than 100% identity. Such alter-
ations are selected from the group consisting of at least one
amino acid deletion, substitution, including conservative
and non-conservative substitution, or insertion, and wherein
said alterations may occur at the amino- or carboxy-terminal
positions of the reference polypeptide sequence or anywhere
between those terminal positions, interspersed either indi-
vidually among the amino acids in the reference sequence or
in one or more contiguous groups within the reference
sequence. The number of amino acid alterations for a given
% identity is determined by multiplying the total number of
amino acids in SEQ ID NO:2 by the integer defining the
percent identity divided by 100 and then subtracting that
product from said total number of amino acids in SEQ ID
NO:2, or:

12 2X,=(%,%)

wherein n, is the number of amino acid alterations, x, is the
total number of amino acids in SEQ ID NO:2, y is, for
instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and
* is the symbol for the multiplication operator, and wherein
any non-integer product of x, and y is rounded down to the
nearest integer prior to subtracting it from x,.

[0187] “Individual(s),” when used herein with reference to
an organism, means a multicellular eukaryote, including, but
not limited to a metazoan, a mammal, an ovid, a bovid, a
simian, a primate, and a human.

[0188] “Isolated” means altered “by the hand of man”
from its natural state, i.e., if it occurs in nature, it has been
changed or removed from its original environment, or both.
For example, a polynucleotide or a polypeptide naturally
present in a living organism is not “isolated,” but the same
polynucleotide or polypeptide separated from the coexisting
materials of its natural state is “isolated”, as the term is
employed herein. Moreover, a polynucleotide or polypeptide
that is introduced into an organism by transformation,
genetic manipulation or by any other recombinant method is
“isolated” even if it is still present in said organism, which
organism may be living or non-living.

[0189] “Polynucleotide(s)” generally refers to any polyri-
bonucleotide or polydeoxyribonucleotide, which may be
unmodified RNA or DNA or modified RNA or DNA includ-
ing single and double-stranded regions.

[0190] “Variant” refers to a polynucleotide or polypeptide
that differs from a reference polynucleotide or polypeptide,
but retains essential properties. A typical variant of a poly-
nucleotide differs in nucleotide sequence from another,
reference polynucleotide. Changes in the nucleotide
sequence of the variant may or may not alter the amino acid
sequence of a polypeptide encoded by the reference poly-
nucleotide. Nucleotide changes may result in amino acid
substitutions, additions, deletions, fusions and truncations in
the polypeptide encoded by the reference sequence, as
discussed below. A typical variant of a polypeptide differs in
amino acid sequence from another, reference polypeptide.
Generally, differences are limited so that the sequences of
the reference polypeptide and the variant are closely similar
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overall and, in many regions, identical. A variant and ref-
erence polypeptide may differ in amino acid sequence by
one or more substitutions, additions, deletions in any com-
bination. A substituted or inserted amino acid residue may or
may not be one encoded by the genetic code. A variant of a
polynucleotide or polypeptide may be a naturally occurring
such as an allelic variant, or it may be a variant that is not
known to occur naturally. Non-naturally occurring variants
of polynucleotides and polypeptides may be made by
mutagenesis techniques or by direct synthesis.

[0191] “Disease(s)” means any disease caused by or
related to infection by a bacteria, including, for example,
upper respiratory tract infection, invasive bacterial diseases,
such as bacteremia and meningitis.

EXAMPLES

[0192] The examples below are carried out using standard
techniques, which are well known and routine to those of
skill in the art, except where otherwise described in detail.
The examples are illustrative, but do not limit the invention.

Example 1

Discovery and Confirmatory DNA Sequencing of
the BASB040 Gene from two N. meningitidis
Strains

A: BASBO040 in N. meningitidis serogroup B strain
ATCC13090.

[0193] The BASB040 gene of SEQ ID NO:1 was first
discovered in the Incyte PathoSeq database containing
unfinished genomic DNA sequences of the N. meningitidis
strain ATCC13090. The translation of the BASB040 poly-
nucleotide sequence, shown in SEQ ID NO:2, showed
significant similarity (21% identity in a 623 amino acids
overlap) to the Neisseria meningitidis D15 protective sur-
face.

[0194] The sequence of the BASB040 gene was further
confirmed experimentally. For this purpose, genomic DNA
was extracted from 10'° cells of the N. meningitidis cells
(strain ATCC 13090) using the QIAGEN genomic DNA
extraction kit (Qiagen Gmbh), and 1 pg of this material was
submitted to Polymerase Chain Reaction DNA amplification
using primers D15b-21-ctg (5'-GGG CCG CAA CCT CCG
AAA TA-3") [SEQ ID NO:7] and D15b-22-ctg (5'-CGA
GCC AGC CGA GGAAACATA C-3) [SEQID NO:8]. This
PCR product was gel-purified and subjected to DNA
sequencing using the Big Dye Cycle Sequencing kit (Perkin-
Elmer) and an ABI 373A/PRISM DNA sequencer. DNA
sequencing was performed on both strands with a redun-
dancy of 2 and the full-length sequence was assembled using
the SeqMan program from the DNASTAR Lasergene soft-
ware package. The resulting DNA sequence and deduced
polypeptide sequence are shown as SEQ ID NO:3 and SEQ
ID NO:4 respectively.

B: BASB040 in N. meningitidis Serogroup B Strain H44/76.

[0195] The sequence of the BASB040 gene was also
determined in another N. meningitidis serogroup B strain,
the strain H44/76. For this purpose, plasmid DNA (see
example 2A) containing the gene region encoding the
mature BASB040 from N. meningitidis strain H44/76 was
used as a PCR template. This material (1 pg) was then
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submitted to Polymerase Chain Reaction DNA amplification
using primers D15b-01 (5'-CAT AGC ACC ATG GCC CC
CGAC CTT TCC GA-3) [SEQ ID NO:9] and DI15b-02
(5'-CTA GTC TAG ATT AGA AGC GTG TTC CCA AGC-
3" [SEQ ID NO:10] specific for the BASB040 gene. The
PCR amplicon was then submitted to DNA sequencing using
the Big Dyes kit (Applied biosystems) and analyzed on a
ABI 373/A DNA sequencer in the conditions described by
the supplier. As a result, the polynucleotide and deduced
polypeptide sequences, referred to as SEQ ID NO:5 and
SEQ ID NO:6 respectively, were obtained.

[0196] Using the MegAlign program from the DNASTAR
software package, an alignment of the polynucleotide
sequences of SEQ ID NO:1, 3 and 5 was performed, and is
displayed in FIG. 1; a pairwise comparison of identities is
summarized in Table 1, showing that the three BASB040
polynucleotide gene sequences are all similar at identity
level greater than 98.0%. Using the same MegAlign pro-
gram, an alignment of the polypeptide sequences of SEQ ID
NO:2, 4 and 6 was performed, and is displayed in FIG. 2; a
pairwise comparison of identities is summarized in Table 2,
showing that the three BASB040 protein sequences are all
similar at an identity level greater than or equal to 99.0%.

[0197] Taken together, these data indicate strong sequence
conservation of the BASB040 gene among the two M.
meningitidis serogroup B strains.

TABLE 1

Pairwise identities of the BASB040
polynucleotide sequences (in %)

SeqlD No: 3 SeqID No: 5
SeqID No: 1 99.9 98.3
SegID No: 3 98.4
[0198]
TABLE 2

Pairwise identities of the BASB040 polypeptide sequences (in %)

SeqlD No: 4 SeqlD No: 6
SeqID No: 2 100. 99.0
SeqID No: 4 99.0
Example 2

Construction of Plasmid to Express Recombinant
BASB040

A: Cloning of BASB040.

[0199] The Ncol and Xbal restriction sites (underlined)
engineered into the forward D15b-01 (5'-CAT AGC ACC
ATG GCC GCC GAC CTT TCC GA-3") [SEQ ID NO:9]
and reverse D15b-02 (5'-CTA GTC TAG ATT AGA AGC
GTG TTC CCA AGC-3") [SEQ ID NO:10] amplification
primers, respectively, permitted directional cloning of a
BASB040 PCR product into the commercially available E.
coli expression plasmid pBADgIII(A) (Invitrogen, USA,
ampicillin resistant). This plasmid provides the signal pep-
tide from the bacteriophage fd plI protein such that a mature
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BASBO040 protein could be targeted to the periplasm of E.
coli. The BASB040 PCR product was purified from the
amplification reaction using Wizard PCR Prep™ (Promega)
according to the manufacturers instructions. To produce the
required Ncol and Xbal termini necessary for cloning,
purified PCR product was sequentially digested to comple-
tion with Ncol and Xbal restriction enzymes as recom-
mended by the manufacturer (Boehringer Mannheim).
Digested BASB040 PCR products and pBAD were gel-
purified and ligated together using an approximately 5-fold
molar excess of the digested fragment to the vector. A
standard ~20 pl ligation reaction (~16° C., ~16 hours), using
methods well known in the art, was performed using T4
DNA ligase (~2.0 units/reaction, Boehringer Mannheim).
An aliquot of the ligation was used to transform electro-
competent E. coli Topl0 cells according to methods well
known in the art. Following a ~2-3 hour outgrowth period at
37° C. in ~1.0 ml of LB broth, transformed cells were plated
on LB agar plates containing Ampicillin (50 pg/ml). Indi-
vidual ampicillin-resistant colonies were selected and ana-
lyzed by whole cell-based PCR to verify that transformants
contained the BASB040 DNA insert. Transformants that
produced the expected PCR product were identified as
strains containing a BASB040 expression construct. Expres-
sion plasmid containing strains were then analyzed for the
inducible expression of recombinant BASB040.

B: Expression Analysis of PCR-Positive Transformants.

[0200] For each PCR-positive transformant identified
above, ~5.0 ml of LB broth containing ampicillin (50 ng/ml)
was inoculated with cells from the patch plate and grown
overnight at 37° C. with shaking (~250 rpm). An aliquot of
the overnight seed culture (~1.0 ml) was inoculated into a
125 ml erlenmeyer flask containing ~25 ml of LB Kn broth
and grown at 37° C. with shaking (~250 rpm) until the
culture turbidity reached O.D. 600 of ~0.5, i.e. mid-log
phase (usually about 1.5-2.0 hours). At this time approxi-
mately half of the culture (~12.5 ml) was transferred to a
second 125 ml flask and expression of recombinant
BASBO040 protein induced by the addition of L.-Arabinose to
a final concentration of 0.2% (w/v). Incubation of both the
arabinose-induced and non-induced cultures continued for
an additional ~4 hours at 37° C. with shaking. Samples (~1.0
ml) of both induced and non-induced cultures were removed
after the induction period and the cells collected by cen-
trifugation in a microcentrifuge at room temperature for 3
minutes. Individual cell pellets were suspended in ~50 pg of
sterile water, then mixed with an equal volume of 2x
Laemelli SDS-PAGE sample buffer containing 2-mercapto-
ethanol, and placed in boiling water bath for 3 min to
denature protein. Equal volumes (~15 pl) of both the crude
arabinose-induced and the non-induced cell lysates were
loaded onto duplicate 12% Tris/glycine polyacrylamide gel
(1 mm thick Mini-gels, Novex). The induced and non-
induced lysate samples were electrophoresed together with
prestained molecular weight markers under conventional
conditions using a standard SDS/Tris/glycine running buffer.
Following electrophoresis, one gel was stained with com-
massie brilliant blue R250 (BioRad) and then destained to
visualize novel BASB040 arabinose-inducible protein(s).
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Example 3

Analysis of the Non-Coding Flanking Regions of
the BASB040 Gene, and its Exploitation for
Modulated BASB040 Gene Expression

[0201] The non-coding flanking regions of the BASB040
gene contain regulatory elements important in the expres-
sion of the gene. This regulation takes place both at the
transcriptional and translational level. The sequence of these
regions, either upstream or downstream of the open reading
frame of the gene, can be obtained by DNA sequencing. This
sequence information allows the determination of potential
regulatory motifs such as the different promoter elements,
terminator sequences, inducible sequence elements, repres-
sors, elements responsible for phase variation, the shine-
dalgarno sequence, regions with potential secondary struc-
ture involved in regulation, as well as other types of
regulatory motifs or sequences.

[0202] This sequence information allows the modulation
of the natural expression of gene BASB040. The upregula-
tion of the gene expression may be accomplished by altering
the promoter, the shine-dalgarno sequence, potential repres-
sor or operator elements, or any other elements involved.
Likewise, downregulation of expression can be achieved by
similar types of modifications. Alternatively, by changing
phase variation sequences, the expression of the gene can be
put under phase variation control, or may be uncoupled from
this regulation. In another approach, the expression of the
gene can be put under the control of one or more inducible
elements allowing regulated expression. Examples of such
regulation include, but are not limited to, induction by
temperature shift, addition of inductor substrates like
selected carbohydrates or their derivatives, trace elements,
vitamins, co-factors, metal ions, etc.

[0203] Such modifications as described above can be
introduced by several different means. The modification of
sequences involved in gene expression can be done in vivo
by random mutagenesis followed by selection for the desired
phenotype. Another approach consists in isolating the region
of interest and modifying it by random mutagenesis, or
site-directed mutagenesis, insertion or deletion mutagenesis.
The modified region can then be reintroduced into the
bacterial genome by homologous recombination, and the
effect on gene expression can be assessed. In another
approach, the sequence knowledge of 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 elements from another gene, a combination of
regulatory elements from different genes, a synthetic regu-
latory region, or any other regulatory region, or to delete
selected parts of the wild-type regulatory sequences. These
modified sequences can then be reintroduced into the bac-
terium via homologous recombination into the genome. A
non-exhaustive list of preferred promoters that could be used
for up-regulation of gene expression includes the promoter
porA, porB, IbpB, tbpB, p110, 1st, hpuAB from N. menin-
gitidis or N. gonorroheae.

[0204] In one example, the expression of the gene can be
modulated by exchanging its promoter with a stronger
promoter (through isolating the upstream sequence of the
gene, in vitro modification of this sequence, and reintroduc-
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tion into the genome by homologous recombination).
Upregulated expression can be obtained in both the bacte-
rium as well as in the outer membrane vesicles shed (or
made) from the bacterium. In other examples, the described
approaches can be used to generate recombinant bacterial
strains with improved characteristics for vaccine applica-
tions. These can be, but are not limited to, attenuated strains,
strains with increased expression of selected antigens,
strains with knock-outs (or decreased expression) of genes
interfering with the immune response, strains with modu-
lated expression of immunodominant proteins, strains with
modulated shedding of outer-membrane vesicles.

[0205] A region directly upstream of the BASB040 gene is
given in the sequence of SEQ ID NO:11. This sequence is
a further aspect of the invention.

SEQUENCE INFORMATION
BASB040 Polynucleotide and Polypeptide Sequences

SEQ ID NO:1

Neisgeria meningitidis BASB040 polynucleotide
sequence from strain ATCC 13090
ATGATGATCAAACCGACCGCCCTGCTCCTGCCGGCTTTATTTTTCTTTCC
GCACGCATACGCGCCTGCCGCCGACCTTTCCGAAAACAAGGCGGCGGGTT
TCGCATTGTTCAAAAACAAAAGCCCCGACACCGAATCAGTTAAATTAAAL
CCCAAATTCCCCGTCCGCATCGACACGCAGGATAGTGAAATCAAAGATAT
GGTCGAAGAACACCTGCCGCTCATCACGCAGCAGCAGGAAGAAGTATTGG
ACAAGGAACAGACGGGCTTCCTCGCCGAAGAAGCACCGGACAACGTTAAA
ACCATGCTCCGCAGCAAAGGCTATTTCAGCAGCAAAGTCAGCCTGACGGA
AAAAGACGGAGCTTATACGGTACACATCACACCGGGCCCGCGCACCAAAA
TCGCCAACGTCGGTGTCGCCATCCTCGGCGACATCCTTTCAGACGGCAAC
CTCGCCGAATACTACCGCAACGCGCTGGAAAACTGGCAGCAGCCGGTAGG
CAGTGATTTCGATCAGGACAGTTGGGAAAACAGCAAAACTTCCGTCCTCG
GCGCGGTAACGCGAAAAGGCTACCCGCTTGCCAAGCTCGGCAACACCCGG
GCGGCCGTCAACCCCGATACCGCCACCGTCGATTTGAACGTCGTCGTGGA
CAGCGGCCGCCCCATCGCCTTCGGCGACTTTGAAATCACCGGCACACAGC
GTTACCCCGAACAAATCGTCTCCGGCCTGGCGCGCTTCCAACCGGGCACG
CCCTACGACCTCGACCTGCTGCTCGACTTCCAACAGGCACTCGAACAAAAL
CGGGCATTATTCCGGCGCGTCCGTACAAGCCGACTTCGACCGTCTCCAAG
GCGACCGCGTCCCCGTCAAAGTCAGCGTAACCGAGGTCAAACGCCACAAG
CTCGAAACCGGCATCCGCCTCGATTCGGAATACGGTTTGGGCGGCAAAAT
CGCCTACGACTATTACAACCTCTTCAACAAAGGCTATATCGGCTCGGTCG
TCTGGGATATGGACAAATACGAAACCACGCTTGCCGCCGGCATCAGCCAG
CCGCGCAACTATCGGGGCAACTACTGGACAAGCAACGTTTCCTACAACCG
TTCGACCACCCAAAACCTCGAAAAACGCGCCTTCTCCGGCGGCATCTGGT
ATGTGCGCGACCGCGCGGGCATCGATGCCAGGCTGGGGGCAGAGTTTCTC
GCAGAAGGCCGGAAAATCCCCGGCTCGGATATCGATTTGGGCAACAGCCA

CGCCACGATGCTGACCGCCTCTTGGAAACGCCAGCTGCTCAACAACGTGC
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-continued
TGCATCCCGAAAACGGCCATTACCTCGACGGCARAATCGGTACGACTTTG
GGCACATTCCTGTCCTCCACCGCGCTGATCCGCACCTCTGCCCGTGCAGE
TTATTTCTTCACGCCCGAAAACAAAAAACTCGGCACGTTCATCATACGCG
GACAAGCGGGTTACACCGTTGCCCGCGACAATGCCGACGTTCCTTCAGGE
CTGATGTTCCGCAGCGGCGECECETCTTCCETGCGCGGTTACGAACTCGA
CAGCATCGGACTTGCCGGCCCGAACGEATCGETCCTGCCCGAACGCGCCT
TCCTGGETGGGCAGCCTGGAATACCAACTGCCGTTTACGCGCACCCTTTCC
GGCGCGGTGTTCCACGATATGGGCGATGCCGCCGCCAATTTCARAACGTAT
GAAGCTGARACACGGTTCGGGACTGGGCGTGCGCTGGTTCAGCCCGCTTE
CGCCGTTTTCCTTCGACATCGCCTACGGGCACAGCGATAAGAARATCCGC

TGGCACATCAGCTTGGGAACACGCTTCTAA

SEQ ID NO:

Neisgeria meningitidis BASB040 polypeptide
sequence deduced from the polynucleotide of

SeQ ID NO:1
MMIKPTALLLPALFFFPHAYAPAADLSENKAAGFALFKNKSPDTESVKLK
PKFPVRIDTQDSEIKDMVEEHLPLITQQQEEVLDKEQTGFLAEEAPDNVK
TMLRSKGYFSSKVSLTEKDGAYTVHITPGPRTKIANVGVAILGDILSDGN
LAEYYRNALENWQQPVGSDFDQDSWENSKTSVLGAVTRKGYPLAKLGNTR
AAVNPDTATVDLNVVVDSGRPIAFGDFEITGTQRYPEQIVSGLARFQPGT
PYDLDLLLDFQQALEQNGHYSGASVQADFDRLQGDRVPVKVSVTEVKRHK
LETGIRLDSEYGLGGKIAYDYYNLFNKGYIGSVVWDMDKYETTLAAGISQ
PRNYRGNYWTSNVSYNRSTTQNLEKRAFSGGIWYVRDRAGIDARLGAEFL
AEGRKIPGSDIDLGNSHATMLTASWKRQLLNNVLHPENGHYLDGKIGTTL
GTFLSSTALIRTSARAGYFFTPENKKLGTFIIRGQAGYTVARDNADVPSG
LMFRSGGASSVRGYELDSIGLAGPNGSVLPERALLVGSLEYQLPFTRTLS

GAVFHDMGDAAANFKRMKLKHGSGLGVRWFSPLAPFSFDIAYGHSDKKIR

WHISLGTRF

SEQ ID NO:

Neisgeria meningitidis BASB040 polynucleotide
sequence from strain ATCC 13090
ATGATGATCAAACCGACCGCCCTGCTCCTGCCGGCTTTATTTTTCTTTCC
GCACGCATACGCGCCTGCCGCCGACCTTTCCGAAAACAAGGCGGCGGGTT
TCGCATTGTTCAAAAACAAAAGCCCCGACACCGAATCAGTTAAATTAAAL
CCCAAATTCCCCGTCCGCATCGACACGCAGGATAGTGAAATCAAAGATAT
GGTCGAAGAACACCTGCCGCTCATCACGCAGCAGCAGGAAGAAGTATTGG
ACAAGGAACAGACGGGCTTCCTCGCCGAAGAAGCACCGGACAACGTTAAA
ACCATGCTCCGCAGCAAAGGCTATTTCAGCAGCAAAGTCAGCCTGACGGA
AAAAGACGGAGCTTATACGGTACACATCACACCGGGCCCGCGCACCAAAA
TCGCCAACGTCGGTGTCGCCATCCTCGGCGACATCCTTTCAGACGGCAAC

CTCGCCGAATACTACCGCAACGCGCTGGAAAACTGGCAGCAGCCGGTAGG

CAGTGATTTCGATCAGGACAGTTGGGAAAACAGCAAAACTTCCGTCCTCG
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-continued
GCGCGGTAACGCGCAAAGGCTACCCGCTTGCCAAGCTCGGCAACACCCGG
GCGGCCGTCAACCCCGATACCGCCACCGTCGATTTGAACGTCGTCGTGGA
CAGCGGCCGCCCCATCGCCTTCGGCGACTTTGAAATCACCGGCACACAGC
GTTACCCCGAACAAATCGTCTCCGGCCTGGCGCGCTTCCAACCGGGCACG
CCCTACGACCTCGACCTGCTGCTCGACTTCCAACAGGCACTCGAACAAAAL
CGGGCATTATTCCGGCGCGTCCGTACAAGCCGACTTCGACCGTCTCCAAG
GCGACCGCGTCCCCGTCAAAGTCAGCGTAACCGAGGTCAAACGCCACAAG
CTCGAAACCGGCATCCGCCTCGATTCGGAATACGGTTTGGGCGGCAAAAT
CGCCTACGACTATTACAACCTCTTCAACAAAGGCTATATCGGCTCGGTCG
TCTGGGATATGGACAAATACGAAACCACGCTTGCCGCCGGCATCAGCCAG
CCGCGCAACTATCGGGGCAACTACTGGACAAGCAACGTTTCCTACAACCG
TTCGACCACCCAAAACCTCGAAAAACGCGCCTTCTCCGGCGGCATCTGGT
ATGTGCGCGACCGCGCGGGCATCGATGCCAGGCTGGGGGCAGAGTTTCTC
GCAGAAGGCCGGAAAATCCCCGGCTCGGATATCGATTTGGGCAACAGCCA
CGCCACGATGCTGACCGCCTCTTGGAAACGCCAGCTGCTCAACAACGTGC
TGCATCCCGAAAACGGCCATTACCTCGACGGCAAAATCGGTACGACTTTG
GGCACATTCCTGTCCTCCACCGCGCTGATCCGCACCTCTGCCCGTGCAGG
TTATTTCTTCACGCCCGAAAACAAAAAACTCGGCACGTTCATCATACGCG
GACAAGCGGGTTACACCGTTGCCCGCGACAATGCCGACGTTCCTTCAGGG
CTGATGTTCCGCAGCGGCGGCGCGTCTTCCGTGCGCGGTTACGAACTCGA
CAGCATCGGACTTGCCGGCCCGAACGGATCGGTCCTGCCCGAACGCGCCC
TCCTGGTGGGCAGCCTGGAATACCAACTGCCGTTTACGCGCACCCTTTCC
GGCGCGGTGTTCCACGATATGGGCGATGCCGCCGCCAATTTCAAACGTAT
GAAGCTGAAACACGGTTCGGGACTGGGCGTGCGCTGGTTCAGCCCGCTTG
CGCCGTTTTCCTTCGACATCGCCTACGGGCACAGCGATAAGAAAATCCGC
TGGCACATCAGCTTGGGAACACGCTTCTAA

SEQ ID NO:
Neisseria meningitidis BASB040 polypeptide
sequence deduced from the polynucleotide of
SeQ ID NO:3
MMIKPTALLLPALFFFPHAYAPAADLSENKAAGFALFKNKSPDTESVKLK
PKFPVRIDTQDSEIKDMVEEHLPLITQQQEEVLDKEQTGFLAEEAPDNVK
TMLRSKGYFSSKVSLTEKDGAYTVHI TPGPRTKIANVGVAILGDILSDGN
LAEYYRNALENWQQPVGSDFDQDSWENSKTSVLGAVTRKGYPLAKLGNTR
AAVNPDTATVDLNVVVDSGRPIAFGDFEITGTQRYPEQIVSGLARFQPGT
PYDLDLLLDFQOALEQNGHYSGASVQADFDRLQGDRVPVKVSVTEVKRHK
LETGIRLDSEYGLGGKIAYDYYNLFNKGYIGSVVWDMDKYETTLAAGISQ
PRNYRGNYWTSNVSYNRSTTQNLEKRAFSGGIWYVRDRAGIDARLGAEFL
AEGRKIPGSDIDLGNSHATMLTASWKRQLLNNVLHPENGHYLDGKIGTTL

GTFLSSTALIRTSARAGYFFTPENKKLGTFIIRGQAGYTVARDNADVPSG



US 2008/0057067 Al

-continued
LMFRSGGASSVRGYELDSIGLAGPNGSVLPERALLVGSLEYQLPETRTLS

GAVFHDMGDAAANFKRMKLKHGSGLGVRWFSPLAPFSFDIAYGHSDKKIR

WHISLGTRF

SEQ ID NO:

Neisgeria meningitidis BASB040 polynucleotide
sequence from strain H44/76
GCCGCCGACCTTTCCGAAAACAAGGCGGCGGGTTTCGCATTGTTCAAAAR
CAAAAGCCCCGACACCGAATCAGTCAAATTAAAACCCAAATTCCCCGTCC
TCATCGACACGCAGGACAGTGAAATCAAAGATATGGTCGAAGAACACCTG
CCGCTCATCACGCAGCAGCAGGAAGAAGTATTGGACAAGGAACAGACGGG
CTTCCTCGCCGAAGAAGCGCCGGACAACGTTAAAACGATGCTCCGCAGCA
AAGGCTATTTCAGCAGCAAAGTCAGCCTGACGGAAAAAGACGGAGCTTAT
ACGGTACACATCACACCGGGCCCGCGCACCAAAATCGCCAACGTCGGCGT
CGCCATCCTCGGCGACATCCTTTCAGACGGCAACCTCGCCGAATACTACC
GCAACGCGCTGGAAAACTGGCAGCAGCCGGTAGGCAGCGATTTCGATCAG
GACAGTTGGGAAAACAGCAAAACTTCCGTCCTCGGCGCGGTAACGCGCAA
AGCCTACCCGCTTGCCAAGCTCGGCAATACGCAGGCGGCCGTCAACCCCG
ATACCGCCACCGCCGATTTGAACGTCGTCGTGGACAGCGGCCGCCCCATC
GCCTTCGGCGACTTTGAAATCACCGGCACACAGCGTTACCCCGAACAAAT
CGTCTCCGGCCTTGCGCGTTTCCAGCCCGGTATGCCGTACGACCTCGACC
TGCTGCTCGACTTCCAACAGGCGCTCGAACAAAACGGGCATTATTCCGGC
GCGTCCGTACAAGCCGACTTCGACCGCCTCCAAGGCGACCGCGTCCCCGT
CAAAGTCAGCGTAACCGAGGTCAAACGCCACAAACTCGAAACCGGCATCC
GCCTCGATTCGGAATACGGTTTGGGCGGCAAAATCGCCTACGACTATTAC
AACCTCTTCAACAAAGGCTATATCGGTTCGGTCGTCTGGGATATGGACAA
ATACGAAACCACGCTTGCCGCCGGCATCAGCCAGCCGCGCAACTATCGGG
GCAACTACTGGACAAGCAACGTTTCCTACAACCGTTCGACCACCCAAAAC
CTCGAAAAACGCGCCTTCTCCGGCGGCGTCTGGTATGTGCGCGACCGCGL
GGGCATCGATGCCAGGCTGGGGGCGGAATTTCTCGCAGAAGGCCGGAARR
TCCCCGGCTCGGCTGTCGATTTGGGCAACAGCCACGCCACGATGCTGACC
GCCTCTTGGAAACGCCAGCTGCTCAACAACGTGCTGCATCCCGARAACGG
CCATTACCTCGACGGCAAAATCGGTACGACTTTGGGCACATTCCTGTCCT
CCACCGCGCTGATCCGCACCTCTGCCCGTGCAGGTTATTTCTTCACGCCC
GAAAACAAAAAACTCGGCACGTTCATCATACGCGGACAAGCGGGTTACAC
CGTTGCCCGCGACAATGCCGACGTTCCTTCAGGGCTGATGTTCCGCAGCG
GCGGCGCGTCTTCCGTGCGCGGTTACGAACTCGACAGCATCGGACTTGCC
GGCCCGAACGGATCGGTCCTGCCCGAACGCGCCCTCCTGGTGGGCAGCCT
GGAATACCAACTGCCGTTTACGCGCACCCTTTCCGGCGCGGTGTTCCACG
ATATGGGCGATGCCGCCGCCAATTTCAAACGTATGAAGCTGAAACACGGT

TCGGGACTGGGCGTGCGCTGGTTCAGCCCGCTTGCGCCGTTTTCCTTCGA
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-continued
CATCGCCTACGGGCACAGCCATAAGAAAATCCGCTGGCACATCAGCTTGG

GAACACGCTTCTAA

SEQ ID NO:
Neisseria meningitidis BASB040 polypeptide
sequence deduced from the polynucleotide of
SeQ ID NO:5
AADLSENKAAGFALFKNKSPDTESVKLKPKFPVLIDTQDSEIKDMVEEHL
PLITQQQEEVLDKEQTGFLAEEAPDNVKTMLRSKGYFSSKVSLTEKDGAY
TVHITPGPRTKIANVGVAILGDILSDGNLAEYYRNALENWQQPVGSDFDQ
DSWENSKTSVLGAVTRKAYPLAKLGNTQAAVNPDTATADLNVVVDSGRPI
AFGDFEITGTQRYPEQIVSGLARFQPGMPYDLDLLLDFQQALEQNGHYSG
ASVQADFDRLQGDRVPVKVSVTEVKRHKLETGIRLDSEYGLGGKIAYDYY
NLFNKGYIGSVVWDMDKYETTLAAGI SQPRNYRGNYWTSNVSYNRSTTQN
LEKRAFSGGVWYVRDRAGIDARLGAEFLAEGRKIPGSAVDLGNSHATMLT
ASWKRQLLNNVLHPENGHYLDGKIGTTLGTFLSSTALIRTSARAGYFFTP
ENKKLGTFIIRGQAGYTVARDNADVPSGLMFRSGGASSVRGYELDSIGLA

GPNGSVLPERALLVGSLEYQLPFTRTLSGAVFHDMGDAAANFKRMKLKHG

SGLGVRWFSPLAPFSFDIAYGHSDKKIRWHISLGTRF

SEQ ID NO:7

GGG CCG CAA CCT CCG AAA TA

SEQ ID NO:8

CGA GCC AGC CGA GGA AAC ATA

SEQ ID NO:9

CAT AGC ACC ATG GCC GCC GAC CTT TCC GA

SEQ ID NO:10

CTA GTC TAG ATT AGA AGC GTG TTC CCA AGC

SEQ ID NO:11

Neisgeria meningitidis polynucleotide

sequence up-stream of the BASB040 gene sequence,
in strain ATCC 13090
AAACGGATAATCCATTTCACGACGGTGGAAACCGCTTCCGCCAAATCGGC
AACGACCTGCCGCGTAACGTCCGAACCGTGATTCCGCAACGCCGCGCCCA
AAACCAAAGCCCAAGCCAAAATGCCGATATAGTTGGCATTGGCAATCGCG
TTAATCGGGTTGGCGACCAGGTTCATCAGCAGCGATTTCAACACTTCCAC
AATGCCGGAAGGCGGCGCGGCGGACACATCGCCCGCGCCCGCCAAAACAA
TGTGCGTCGGGAAAACCATACCGGCGATGACGGCGGTCAGGGCTGCGGAA
AACGTACCAATGAGGTAAAGGATGATAATCGGCCTGATATGCGCCTTGTT
GCCTTTTTGGTGCTGCGCGATTGTGGCCGCCACCAAAATAAATACCAARR
CCGGCGCGACCGCTTTGAGCGCGCCGACAAACAGGCTGCCGAACAAGCCT
GCCGCCAAGCCCAGTTGCGGGGAAACCGAACCGATTACGATGCCCAACGC
CAAACCGGCGGCAATCTGCCTGACCAGGCTGACGCGGCCGATCGCATGAA
ATAAGGATTTGCCGAACGCCATAATTCTTCCTTATGTTGTGATATGTTAA
AAAATGTTGTATTTTAAAAGAAAACTCATTCTCTGTGTTTTTTTTATTTT

TCGGCTGTGTTTTAAGGTTGCGTTGATTTGCCCTATGCAGTGCCGGACAG

GCTTTGCTTTATCATTCGGCGCAACGGTTTAATTTATTGAACGAAAATAA
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-continued
ATTTATTTAATCCTGCCTATTTTCCGGCACTATTCCGARACGCAGCCTGT
TTTCCATATGCGGATTGGAAACAAAATACCTTAAAACAAGCAGATACATT
TCCGGCGEGCCGCAACCTCCGARATACCGGCGGCAGTATGCCGTCTGAAG
TGTCCCGCCCCGTCCGAACAACACARAAACAGCCGTTCGARACCCTGTCC

GAACAGTGTTAGAATCGAAATCTGCCACACCGATGCACGACACCCGTACC

Deposited Materials

[0206] A deposit containing a Neisseria meningitidis Sero-
group B strain has been deposited with the American Type
Culture Collection (herein “ATCC”) on Jun. 22, 1997 and
assigned deposit number 13090. The deposit was described
as Neisseria meningitidis (Albrecht and Ghon) and is a
freeze-dried, 1.5-2.9 kb insert library constructed from M.
meningitidis isolate. The deposit is described in Int. Bull.
Bacteriol. Nomencl. Taxon. 8: 1-15 (1958).
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[0207] The Neisseria meningitidis strain deposit is
referred to herein as “the deposited strain” or as “the DNA
of the deposited strain.”

[0208] The deposited strain contains the full length
BASBO040 gene. The sequence of the polynucleotides con-
tained in the deposited strain, as well as the amino acid
sequence of any polypeptide encoded thereby, are control-
ling in the event of any conflict with any description of
sequences herein.

[0209] The deposit of the deposited strain has been made
under the terms of the Budapest Treaty on the International
Recognition of the Deposit of Micro-organisms for Purposes
of patent Procedure. The strain will be irrevocably and
without restriction or condition released to the public upon
the issuance of a patent. The deposited strain is provided
merely as convenience to those of skill in the art and is not
an admission that a deposit is required for enablement, such
as that required under 35 U.S.C. §112.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11

<210> SEQ ID NO 1

<211> LENGTH: 1830

<212> TYPE: DNA

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 1

atgatgatca aaccgaccgce ccetgetceetyg ccggetttat ttttetttee gecacgcatac 60
gegectgeeyg ccgaccttte cgaaaacaag geggegggtt tegeattgtt caaaaacaaa 120
agccccgaca ccgaatcagt taaattaaaa cccaaattcece cegtcegeat cgacacgcag 180
gatagtgaaa tcaaagatat ggtcgaagaa cacctgecge tcatcacgca gcagcaggaa 240
gaagtattgg acaaggaaca gacgggcttce ctegecgaag aagcaccgga caacgttaaa 300
accatgctece gecagcaaagg ctatttcage agcaaagtca gectgacgga aaaagacgga 360
gcttatacgg tacacatcac accgggeccyg cgcaccaaaa tegecaacgt cggtgtegec 420
atccteggeg acatcecttte agacggcaac ctegecgaat actaccgcaa cgegcetggaa 480
aactggcage agccggtagg cagtgattte gatcaggaca gttgggaaaa cagcaaaact 540
tcegtecteg gegeggtaac gegaaaagge taccegettg ccaagetegg caacacccegg 600
geggeegtea accccgatac cgccaccgte gatttgaacg tegtegtgga cageggecge 660
cccategect teggegactt tgaaatcace ggcacacage gttaccccega acaaatcgte 720
teeggectgyg cgegetteca accgggcacyg ccctacgace tcgacctget getcgactte 780
caacaggcac tcgaacaaaa cgggcattat tceggegegt cegtacaage cgacttcgac 840
cgtetecaag gegaccgegt cecegtcaaa gtcagegtaa ccgaggtcaa acgccacaag 900
ctecgaaaccyg geatcegect cgatteggaa tacggtttgg geggcaaaat cgcectacgac 960

tattacaacc tcttcaacaa aggctatatc ggctcggtcg tctgggatat ggacaaatac 1020

gaaaccacgce ttgccgeegg catcagecag ccgegcaact atcggggeaa ctactggaca 1080

agcaacgttt cctacaaccg ttcgaccacc caaaacctcg aaaaacgcgce cttctcecegge 1140
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ggcatctggt atgtgcgcga ccgegceggge atcgatgcca ggcetgggggce agagtttetce 1200
gcagaaggcece ggaaaatccce cggctcggat atcgatttgg gcaacagceca cgcecacgatg 1260
ctgaccgect cttggaaacg ccagctgcte aacaacgtgce tgcatcccga aaacggccat 1320
tacctcgacg gcaaaatcgg tacgactttg ggcacattcce tgtcctccac cgcgctgatce 1380
cgcacctetg ceccgtgcagg ttatttectte acgcccgaaa acaaaaaact cggcacgttce 1440
atcatacgcg gacaagcggg ttacaccgtt gccecgcgaca atgccgacgt tecttcaggg 1500
ctgatgttcc gcagcggegg cgcgtcettcee gtgegeggtt acgaactcga cagcatcgga 1560
cttgeecggee cgaacggatc ggtcctgecce gaacgcegece tectggtggyg cagectggaa 1620
taccaactgc cgtttacgcg caccctttcee ggegeggtgt tccacgatat gggcgatgcece 1680
gccgecaatt tcaaacgtat gaagctgaaa cacggttcgg gactgggegt gcgetggtte 1740
agcccegettg cgceccegtttte cttcecgacate gecctacggge acagcgataa gaaaatccgce 1800
tggcacatca gcttgggaac acgcttctaa 1830
<210> SEQ ID NO 2

<211> LENGTH: 609

<212> TYPE: PRT

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 2

Met Met Ile Lys Pro Thr Ala Leu Leu Leu Pro Ala Leu Phe Phe Phe
1 5 10 15

Pro His Ala Tyr Ala Pro Ala Ala Asp Leu Ser Glu Asn Lys Ala Ala
20 25 30

Gly Phe Ala Leu Phe Lys Asn Lys Ser Pro Asp Thr Glu Ser Val Lys
35 40 45

Leu Lys Pro Lys Phe Pro Val Arg Ile Asp Thr Gln Asp Ser Glu Ile
50 55 60

Lys Asp Met Val Glu Glu His Leu Pro Leu Ile Thr Gln Gln Gln Glu
65 70 75 80

Glu Val Leu Asp Lys Glu Gln Thr Gly Phe Leu Ala Glu Glu Ala Pro
85 90 95

Asp Asn Val Lys Thr Met Leu Arg Ser Lys Gly Tyr Phe Ser Ser Lys
100 105 110

Val Ser Leu Thr Glu Lys Asp Gly Ala Tyr Thr Val His Ile Thr Pro
115 120 125

Gly Pro Arg Thr Lys Ile Ala Asn Val Gly Val Ala Ile Leu Gly Asp
130 135 140

Ile Leu Ser Asp Gly Asn Leu Ala Glu Tyr Tyr Arg Asn Ala Leu Glu
145 150 155 160

Asn Trp Gln Gln Pro Val Gly Ser Asp Phe Asp Gln Asp Ser Trp Glu
165 170 175

Asn Ser Lys Thr Ser Val Leu Gly Ala Val Thr Arg Lys Gly Tyr Pro
180 185 190

Leu Ala Lys Leu Gly Asn Thr Arg Ala Ala Val Asn Pro Asp Thr Ala
195 200 205

Thr Val Asp Leu Asn Val Val Val Asp Ser Gly Arg Pro Ile Ala Phe
210 215 220

Gly Asp Phe Glu Ile Thr Gly Thr Gln Arg Tyr Pro Glu Gln Ile Val
225 230 235 240
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Ser Gly Leu Ala Arg Phe Gln Pro Gly Thr Pro Tyr Asp Leu Asp Leu
245 250 255

Leu Leu Asp Phe Gln Gln Ala Leu Glu Gln Asn Gly His Tyr Ser Gly
260 265 270

Ala Ser Val Gln Ala Asp Phe Asp Arg Leu Gln Gly Asp Arg Val Pro
275 280 285

Val Lys Val Ser Val Thr Glu Val Lys Arg His Lys Leu Glu Thr Gly
290 295 300

Ile Arg Leu Asp Ser Glu Tyr Gly Leu Gly Gly Lys Ile Ala Tyr Asp
305 310 315 320

Tyr Tyr Asn Leu Phe Asn Lys Gly Tyr Ile Gly Ser Val Val Trp Asp
325 330 335

Met Asp Lys Tyr Glu Thr Thr Leu Ala Ala Gly Ile Ser Gln Pro Arg
340 345 350

Asn Tyr Arg Gly Asn Tyr Trp Thr Ser Asn Val Ser Tyr Asn Arg Ser
355 360 365

Thr Thr Gln Asn Leu Glu Lys Arg Ala Phe Ser Gly Gly Ile Trp Tyr
370 375 380

Val Arg Asp Arg Ala Gly Ile Asp Ala Arg Leu Gly Ala Glu Phe Leu
385 390 395 400

Ala Glu Gly Arg Lys Ile Pro Gly Ser Asp Ile Asp Leu Gly Asn Ser
405 410 415

His Ala Thr Met Leu Thr Ala Ser Trp Lys Arg Gln Leu Leu Asn Asn
420 425 430

Val Leu His Pro Glu Asn Gly His Tyr Leu Asp Gly Lys Ile Gly Thr
435 440 445

Thr Leu Gly Thr Phe Leu Ser Ser Thr Ala Leu Ile Arg Thr Ser Ala
450 455 460

Arg Ala Gly Tyr Phe Phe Thr Pro Glu Asn Lys Lys Leu Gly Thr Phe
465 470 475 480

Ile Ile Arg Gly Gln Ala Gly Tyr Thr Val Ala Arg Asp Asn Ala Asp
485 490 495

Val Pro Ser Gly Leu Met Phe Arg Ser Gly Gly Ala Ser Ser Val Arg
500 505 510

Gly Tyr Glu Leu Asp Ser Ile Gly Leu Ala Gly Pro Asn Gly Ser Val
515 520 525

Leu Pro Glu Arg Ala Leu Leu Val Gly Ser Leu Glu Tyr Gln Leu Pro
530 535 540

Phe Thr Arg Thr Leu Ser Gly Ala Val Phe His Asp Met Gly Asp Ala
545 550 555 560

Ala Ala Asn Phe Lys Arg Met Lys Leu Lys His Gly Ser Gly Leu Gly
565 570 575

Val Arg Trp Phe Ser Pro Leu Ala Pro Phe Ser Phe Asp Ile Ala Tyr
580 585 590

Gly His Ser Asp Lys Lys Ile Arg Trp His Ile Ser Leu Gly Thr Arg
595 600 605

Phe
<210> SEQ ID NO 3

<211> LENGTH: 1830
<212> TYPE: DNA
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<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 3

atgatgatca aaccgaccge cctgectectg ceggetttat ttttetttee gecacgcatac 60
gegectgeeyg ccgaccttte cgaaaacaag geggcegggtt tegeattgtt caaaaacaaa 120
agccccgaca ccgaatcagt taaattaaaa cccaaattec cegtcegeat cgacacgcag 180
gatagtgaaa tcaaagatat ggtcgaagaa cacctgccge tcatcacgca gcagcaggaa 240
gaagtattgg acaaggaaca gacgggctte ctegccgaag aagcaccgga caacgttaaa 300
accatgctce gcagcaaagg ctatttcage agcaaagtca gectgacgga aaaagacgga 360
gettatacgg tacacatcac accgggeccyg cgcaccaaaa tcgccaacgt cggtgtegec 420
atccteggeg acatccttte agacggcaac ctegecgaat actacegcaa cgegetggaa 480
aactggcage agccggtagg cagtgattte gatcaggaca gttgggaaaa cagcaaaact 540
tcegtecteg gegeggtaac gegcaaagge taccegettg ccaagetegg caacaccegg 600
geggeegtcea accccgatac cgccaccgte gatttgaacg tegtegtgga cageggecge 660
cccategect teggegactt tgaaatcace ggcacacage gttacccega acaaatcgte 720
tceggectgyg cgegetteca accgggeacyg ccoctacgace tegacctget getcgactte 780
caacaggcac tcgaacaaaa cgggcattat tceggegegt cegtacaage cgacttcgac 840
cgtetecaag gcgaccgegt ceccgtcaaa gtcagegtaa cegaggtcaa acgccacaag 900
ctcgaaaccyg gcatcegect cgatteggaa tacggtttgg geggcaaaat cgectacgac 960

tattacaacc tcttcaacaa aggctatatc ggctcggteg tctgggatat ggacaaatac 1020
gaaaccacgce ttgeccgccgg catcagccag ccgcegcaact atcggggcaa ctactggaca 1080
agcaacgttt cctacaaccg ttcgaccacc caaaacctcg aaaaacgcgce cttcectcecggce 1140
ggcatctggt atgtgcgcga ccgegceggge atcgatgcca ggcetgggggce agagtttetce 1200
gcagaaggcece ggaaaatccce cggctcggat atcgatttgg gcaacagceca cgcecacgatg 1260
ctgaccgect cttggaaacg ccagctgcte aacaacgtgce tgcatcccga aaacggccat 1320
tacctcgacg gcaaaatcgg tacgactttg ggcacattcce tgtcctccac cgcgctgatce 1380
cgcacctetg ceccgtgcagg ttatttectte acgcccgaaa acaaaaaact cggcacgttce 1440
atcatacgcg gacaagcggg ttacaccgtt gccecgcgaca atgccgacgt tecttcaggg 1500
ctgatgttcc gcagcggegg cgcgtcettcee gtgegeggtt acgaactcga cagcatcgga 1560
cttgeecggee cgaacggatc ggtcctgecce gaacgcegece tectggtggyg cagectggaa 1620
taccaactgc cgtttacgcg caccctttcee ggegeggtgt tccacgatat gggcgatgcece 1680
gccgecaatt tcaaacgtat gaagctgaaa cacggttcgg gactgggegt gcgetggtte 1740
agcccegettg cgceccegtttte cttcecgacate gecctacggge acagcgataa gaaaatccgce 1800
tggcacatca gcttgggaac acgcttctaa 1830
<210> SEQ ID NO 4

<211> LENGTH: 609

<212> TYPE: PRT

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 4

Met Met Ile Lys Pro Thr Ala Leu Leu Leu Pro Ala Leu Phe Phe Phe
1 5 10 15
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Pro His Ala Tyr Ala Pro Ala Ala Asp Leu Ser Glu Asn Lys Ala Ala
20 25 30

Gly Phe Ala Leu Phe Lys Asn Lys Ser Pro Asp Thr Glu Ser Val Lys
35 40 45

Leu Lys Pro Lys Phe Pro Val Arg Ile Asp Thr Gln Asp Ser Glu Ile
50 55 60

Lys Asp Met Val Glu Glu His Leu Pro Leu Ile Thr Gln Gln Gln Glu
65 70 75 80

Glu Val Leu Asp Lys Glu Gln Thr Gly Phe Leu Ala Glu Glu Ala Pro
85 90 95

Asp Asn Val Lys Thr Met Leu Arg Ser Lys Gly Tyr Phe Ser Ser Lys
100 105 110

Val Ser Leu Thr Glu Lys Asp Gly Ala Tyr Thr Val His Ile Thr Pro
115 120 125

Gly Pro Arg Thr Lys Ile Ala Asn Val Gly Val Ala Ile Leu Gly Asp
130 135 140

Ile Leu Ser Asp Gly Asn Leu Ala Glu Tyr Tyr Arg Asn Ala Leu Glu
145 150 155 160

Asn Trp Gln Gln Pro Val Gly Ser Asp Phe Asp Gln Asp Ser Trp Glu
165 170 175

Asn Ser Lys Thr Ser Val Leu Gly Ala Val Thr Arg Lys Gly Tyr Pro
180 185 190

Leu Ala Lys Leu Gly Asn Thr Arg Ala Ala Val Asn Pro Asp Thr Ala
195 200 205

Thr Val Asp Leu Asn Val Val Val Asp Ser Gly Arg Pro Ile Ala Phe
210 215 220

Gly Asp Phe Glu Ile Thr Gly Thr Gln Arg Tyr Pro Glu Gln Ile Val
225 230 235 240

Ser Gly Leu Ala Arg Phe Gln Pro Gly Thr Pro Tyr Asp Leu Asp Leu
245 250 255

Leu Leu Asp Phe Gln Gln Ala Leu Glu Gln Asn Gly His Tyr Ser Gly
260 265 270

Ala Ser Val Gln Ala Asp Phe Asp Arg Leu Gln Gly Asp Arg Val Pro
275 280 285

Val Lys Val Ser Val Thr Glu Val Lys Arg His Lys Leu Glu Thr Gly
290 295 300

Ile Arg Leu Asp Ser Glu Tyr Gly Leu Gly Gly Lys Ile Ala Tyr Asp
305 310 315 320

Tyr Tyr Asn Leu Phe Asn Lys Gly Tyr Ile Gly Ser Val Val Trp Asp
325 330 335

Met Asp Lys Tyr Glu Thr Thr Leu Ala Ala Gly Ile Ser Gln Pro Arg
340 345 350

Asn Tyr Arg Gly Asn Tyr Trp Thr Ser Asn Val Ser Tyr Asn Arg Ser
355 360 365

Thr Thr Gln Asn Leu Glu Lys Arg Ala Phe Ser Gly Gly Ile Trp Tyr
370 375 380

Val Arg Asp Arg Ala Gly Ile Asp Ala Arg Leu Gly Ala Glu Phe Leu
385 390 395 400

Ala Glu Gly Arg Lys Ile Pro Gly Ser Asp Ile Asp Leu Gly Asn Ser
405 410 415
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His Ala Thr Met Leu Thr Ala Ser Trp Lys Arg Gln Leu Leu Asn Asn
420 425 430

Val Leu His Pro Glu Asn Gly His Tyr Leu Asp Gly Lys Ile Gly Thr
435 440 445

Thr Leu Gly Thr Phe Leu Ser Ser Thr Ala Leu Ile Arg Thr Ser Ala
450 455 460

Arg Ala Gly Tyr Phe Phe Thr Pro Glu Asn Lys Lys Leu Gly Thr Phe
465 470 475 480

Ile Ile Arg Gly Gln Ala Gly Tyr Thr Val Ala Arg Asp Asn Ala Asp
485 490 495

Val Pro Ser Gly Leu Met Phe Arg Ser Gly Gly Ala Ser Ser Val Arg
500 505 510

Gly Tyr Glu Leu Asp Ser Ile Gly Leu Ala Gly Pro Asn Gly Ser Val
515 520 525

Leu Pro Glu Arg Ala Leu Leu Val Gly Ser Leu Glu Tyr Gln Leu Pro
530 535 540

Phe Thr Arg Thr Leu Ser Gly Ala Val Phe His Asp Met Gly Asp Ala
545 550 555 560

Ala Ala Asn Phe Lys Arg Met Lys Leu Lys His Gly Ser Gly Leu Gly
565 570 575

Val Arg Trp Phe Ser Pro Leu Ala Pro Phe Ser Phe Asp Ile Ala Tyr
580 585 590

Gly His Ser Asp Lys Lys Ile Arg Trp His Ile Ser Leu Gly Thr Arg
595 600 605

Phe

<210> SEQ ID NO 5
<211> LENGTH: 1764
<212> TYPE: DNA

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 5

gecgecgace tttecgaaaa caaggeggeyg ggtttegeat tgttcaaaaa caaaageccc 60
gacaccgaat cagtcaaatt aaaacccaaa ttccccgtece tcatcgacac gcaggacagt 120
gaaatcaaag atatggtcga agaacacctyg ccgctcatca cgcagcagca ggaagaagta 180
ttggacaagg aacagacggg cttectegee gaagaagege cggacaacgt taaaacgatg 240
ctcegecagca aaggctattt cagcagcaaa gtcagectga cggaaaaaga cggagcettat 300
acggtacaca tcacaccggg cccgegeace aaaatcgeca acgtceggegt cgecatccte 360
ggcgacatce tttcagacgg caacctcgee gaatactacce gcaacgeget ggaaaactgg 420
cagcagcegg taggcagega tttegatcag gacagttggg aaaacagcaa aacttcegte 480
cteggegegyg taacgegcaa agectacceg cttgecaage teggcaatac gcaggeggec 540
gtcaaccceg ataccgecac cgccgatttyg aacgtegteg tggacagegyg ccgecccatc 600
gectteggeg actttgaaat caccggcaca cagegttacce ccgaacaaat cgtcteegge 660
cttgegegtt tccagecegg tatgecgtac gacctegace tgetgetega cttcecaacag 720
gegetegaac aaaacgggca ttattcegge gegtccgtac aagccgactt cgacegectce 780
caaggcgacce gcgteccegt caaagtcage gtaaccgagg tcaaacgcca caaactcgaa 840

accggcatce gectegatte ggaatacggt ttgggeggea aaatcgecta cgactattac 900
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aacctcttca acaaaggcta tatcggtteg gtegtcetggg atatggacaa atacgaaacce 960
acgcttgceeg ccggecatcag ccagecgege aactatceggyg gcaactactyg gacaagcaac 1020
gtttcctaca accgttcgac cacccaaaac ctcgaaaaac gcgcecttcectce cggeggegte 1080
tggtatgtgc gcgaccgege gggcatcgat gccaggcetgg gggcggaatt tetcecgcagaa 1140
ggccggaaaa tcccecggete ggcetgtegat ttgggcaaca gecacgcecac gatgetgacce 1200
gcctettgga aacgccagct gctcaacaac gtgctgcatce ccgaaaacgg ccattacctce 1260
gacggcaaaa tcggtacgac tttgggcaca ttcctgtcecet ccaccgeget gatccgcacce 1320
tctgcecegtg caggttattt cttcacgcce gaaaacaaaa aactcggcac gttcatcata 1380
cgcggacaag cgggttacac cgttgcccge gacaatgecg acgttectte agggctgatg 1440
ttececgecageg geggegcegte ttecgtgcege ggttacgaac tcgacagcat cggacttgece 1500
ggcccgaacyg gatcggtect gceccgaacge gecctectgg tgggcagect ggaataccaa 1560
ctgcecgttta cgcgcacccect ttececggegeg gtgttceccacg atatgggcga tgccgccgcece 1620
aatttcaaac gtatgaagct gaaacacggt tcgggactgg gcgtgegctg gttcagecceccg 1680
cttgcgeecgt tttcecttega catcgectac gggcacageg ataagaaaat ccgctggcac 1740
atcagcttgg gaacacgctt ctaa 1764
<210> SEQ ID NO 6

<211> LENGTH: 587

<212> TYPE: PRT

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 6

Ala Ala Asp Leu Ser Glu Asn Lys Ala Ala Gly Phe Ala Leu Phe Lys
1 5 10 15

Asn Lys Ser Pro Asp Thr Glu Ser Val Lys Leu Lys Pro Lys Phe Pro
20 25 30

Val Leu Ile Asp Thr Gln Asp Ser Glu Ile Lys Asp Met Val Glu Glu
35 40 45

His Leu Pro Leu Ile Thr Gln Gln Gln Glu Glu Val Leu Asp Lys Glu
50 55 60

Gln Thr Gly Phe Leu Ala Glu Glu Ala Pro Asp Asn Val Lys Thr Met
65 70 75 80

Leu Arg Ser Lys Gly Tyr Phe Ser Ser Lys Val Ser Leu Thr Glu Lys
85 90 95

Asp Gly Ala Tyr Thr Val His Ile Thr Pro Gly Pro Arg Thr Lys Ile
100 105 110

Ala Asn Val Gly Val Ala Ile Leu Gly Asp Ile Leu Ser Asp Gly Asn
115 120 125

Leu Ala Glu Tyr Tyr Arg Asn Ala Leu Glu Asn Trp Gln Gln Pro Val
130 135 140

Gly Ser Asp Phe Asp Gln Asp Ser Trp Glu Asn Ser Lys Thr Ser Val
145 150 155 160

Leu Gly Ala Val Thr Arg Lys Ala Tyr Pro Leu Ala Lys Leu Gly Asn
165 170 175

Thr Gln Ala Ala Val Asn Pro Asp Thr Ala Thr Ala Asp Leu Asn Val
180 185 190

Val Val Asp Ser Gly Arg Pro Ile Ala Phe Gly Asp Phe Glu Ile Thr
195 200 205
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Gly Thr Gln Arg Tyr Pro Glu Gln Ile Val Ser Gly Leu Ala Arg Phe
210 215 220

Gln Pro Gly Met Pro Tyr Asp Leu Asp Leu Leu Leu Asp Phe Gln Gln
225 230 235 240

Ala Leu Glu Gln Asn Gly His Tyr Ser Gly Ala Ser Val Gln Ala Asp
245 250 255

Phe Asp Arg Leu Gln Gly Asp Arg Val Pro Val Lys Val Ser Val Thr
260 265 270

Glu Val Lys Arg His Lys Leu Glu Thr Gly Ile Arg Leu Asp Ser Glu
275 280 285

Tyr Gly Leu Gly Gly Lys Ile Ala Tyr Asp Tyr Tyr Asn Leu Phe Asn
290 295 300

Lys Gly Tyr Ile Gly Ser Val Val Trp Asp Met Asp Lys Tyr Glu Thr
305 310 315 320

Thr Leu Ala Ala Gly Ile Ser Gln Pro Arg Asn Tyr Arg Gly Asn Tyr
325 330 335

Trp Thr Ser Asn Val Ser Tyr Asn Arg Ser Thr Thr Gln Asn Leu Glu
340 345 350

Lys Arg Ala Phe Ser Gly Gly Val Trp Tyr Val Arg Asp Arg Ala Gly
355 360 365

Ile Asp Ala Arg Leu Gly Ala Glu Phe Leu Ala Glu Gly Arg Lys Ile
370 375 380

Pro Gly Ser Ala Val Asp Leu Gly Asn Ser His Ala Thr Met Leu Thr
385 390 395 400

Ala Ser Trp Lys Arg Gln Leu Leu Asn Asn Val Leu His Pro Glu Asn
405 410 415

Gly His Tyr Leu Asp Gly Lys Ile Gly Thr Thr Leu Gly Thr Phe Leu
420 425 430

Ser Ser Thr Ala Leu Ile Arg Thr Ser Ala Arg Ala Gly Tyr Phe Phe
435 440 445

Thr Pro Glu Asn Lys Lys Leu Gly Thr Phe Ile Ile Arg Gly Gln Ala
450 455 460

Gly Tyr Thr Val Ala Arg Asp Asn Ala Asp Val Pro Ser Gly Leu Met
465 470 475 480

Phe Arg Ser Gly Gly Ala Ser Ser Val Arg Gly Tyr Glu Leu Asp Ser
485 490 495

Ile Gly Leu Ala Gly Pro Asn Gly Ser Val Leu Pro Glu Arg Ala Leu
500 505 510

Leu Val Gly Ser Leu Glu Tyr Gln Leu Pro Phe Thr Arg Thr Leu Ser
515 520 525

Gly Ala Val Phe His Asp Met Gly Asp Ala Ala Ala Asn Phe Lys Arg
530 535 540

Met Lys Leu Lys His Gly Ser Gly Leu Gly Val Arg Trp Phe Ser Pro
545 550 555 560

Leu Ala Pro Phe Ser Phe Asp Ile Ala Tyr Gly His Ser Asp Lys Lys
565 570 575

Ile Arg Trp His Ile Ser Leu Gly Thr Arg Phe
580 585

<210> SEQ ID NO 7
<211> LENGTH: 20
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<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 7
gggcegcaac ctcecgaaata
<210> SEQ ID NO 8

<211> LENGTH: 21
<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 8
cgagccagee gaggaaacat
<210> SEQ ID NO 9

<211> LENGTH: 29
<212> TYPE: DNA

a

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 9

catagcacca tggccgecga
<210> SEQ ID NO 10

<211> LENGTH: 30
<212> TYPE: DNA

cctttecga

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Primer

<400> SEQUENCE: 10
ctagtctaga ttagaagegt
<210> SEQ ID NO 11

<211> LENGTH: 1000
<212> TYPE: DNA

gtteccaage

<213> ORGANISM: Neisseria meningitidis

<400> SEQUENCE: 11

aaacggataa tccatttcac

cgcegtaacgt ccgaaccgtyg

atgccgatat agttggcatt

agcgatttca acacttccac

gccaaaacaa tgtgegtegg

aacgtaccaa tgaggtaaag

tgctgegega ttgtggecge

gegecgacaa acaggctgece

ccgattacga tgcccaacge

atcgcatgaa ataaggattt

aaaatgttgt attttaaaag

tttaaggttyg cgttgatttg

gacggtggaa
attccgcaac
ggcaatcgceyg
aatgccggaa
gaaaaccata
gatgataatc
caccaaaata
gaacaagcct
caaaccggeg
gecgaacgece
aaaactcatt

ccctatgeag

accgetteeg

geegegecca

ttaatcgggt

dgcggegcegy

ceggegatga

ggcctgatat

aataccaaaa

gecgecaage

gcaatctgee

ataattcttce

ctetgtgttt

tgccggacag

ccaaatcgge aacgacctge

aaaccaaagc ccaagccaaa

tggcgaccag gttcatcage

cggacacatce gcccgegecoe

cggcggtcag ggctgcggaa

gegecttgtt gectttttgg

ceggegegac cgctttgage

ccagttgegyg ggaaaccgaa

tgaccaggct gacgeggecg

cttatgttgt gatatgttaa

tttttatttt teggetgtgt

getttgettt atcattegge

20

21

29

30

60

120

180

240

300

360

420

480

540

600

660

720
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gcaacggttt aatttattga acgaaaataa atttatttaa tcctgcctat tttccggcac 780
tattccgaaa cgcagcctgt tttccatatg cggattggaa acaaaatacc ttaaaacaag 840
cagatacatt tcecggeggge cgcaacctcc gaaataccgg cggcagtatg ccgtctgaag 900
tgtcececgece cgtccgaaca acacaaaaac agccgttcga aaccctgtcce gaacagtgtt 960

agaatcgaaa tctgccacac cgatgcacga caccegtace

1000

1. An isolated polypeptide comprising an amino acid
sequence which has at least 85% identity to the amino acid
sequence selected from the group consisting of: SEQ ID
NO:2, SEQ ID NO:4 and SEQ ID NO:6.

2. An isolated polypeptide as claimed in claim 1 in which
the amino acid sequence has at least 95% identity to the
amino acid sequence selected from the group consisting of:
SEQ ID NO:2, SEQ ID NO:4 and SEQ ID NO:6.

3. The polypeptide as claimed in claim 1 comprising the
amino acid sequence selected from the group consisting of:
SEQ ID NO: 2, SEQ ID NO:4 and SEQ ID NO:6.

4. An isolated polypeptide of SEQ ID NO:2, SEQ ID
NO:4 and SEQ ID NO:6.

5. An immunogenic fragment of the polypeptide as
claimed in any one of claims 1 to 4 in which the immuno-
genic activity of said immunogenic fragment is substantially
the same as the polypeptide of SEQ ID NO:2, SEQ ID NO:4
or SEQ ID NO:6.

6. An isolated polynucleotide comprising a nucleotide
sequence encoding a polypeptide that has at least 85%
identity to the amino acid sequence of SEQ ID NO: 4 or 6
over the entire length of SEQ ID NO: 4 or 6 respectively; or
a nucleotide sequence complementary to said isolated poly-
nucleotide.

7. An isolated polynucleotide comprising a nucleotide
sequence that has at least 85% identity to a nucleotide
sequence encoding a polypeptide of SEQ ID NO: 4 or 6 over
the entire coding region; or a nucleotide sequence comple-
mentary to said isolated polynucleotide.

8. An isolated polynucleotide which comprises a nucle-
otide sequence which has at least 85% identity to that of
SEQ ID NO: 3 or 5 over the entire length of SEQ ID NO:
3 or 5 respectively; or a nucleotide sequence complementary
to said isolated polynucleotide.

9. The isolated polynucleotide as claimed in any one of
claims 6 to 8 in which the identity is at least 95% to SEQ ID
NO: 3 or 5.

10. An isolated polynucleotide comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO:4 or SEQ
1D NO:6.

11. An isolated polynucleotide comprising the polynucle-
otide of SEQ ID NO:3 or SEQ ID NO:5.

12. An isolated polynucleotide comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO:4 or SEQ
ID NO:6, obtainable by screening an appropriate library
under stringent hybridization conditions with a labeled
probe having the sequence of SEQ ID NO:3 or SEQ ID
NO:5 or a fragment thereof.

13. An isolated polynucleotide comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO:2.

14. An isolated polynucleotide comprising the polynucle-
otide of SEQ ID NO:1.

15. An isolated polynucleotide comprising a nucleotide
sequence encoding the polypeptide of SEQ ID NO:2, obtain-
able by screening an appropriate library under stringent
hybridization conditions with a labeled probe having the
sequence of SEQ ID NO:1 or a fragment thereof.

16. An expression vector or a recombinant live microor-
ganism comprising an isolated polynucleotide according to
any one of claims 6-15.

17. A host cell comprising the expression vector of claim
16 or a subcellular fraction or a membrane of said host cell
expressing an isolated polypeptide comprising an amino
acid sequence that has at least 85% identity to the amino acid
sequence selected from the group consisting of: SEQ ID
NO:4 or SEQ ID NO:6.

18. A process for producing a polypeptide comprising an
amino acid sequence that has at least 85% identity to the
amino acid sequence selected from the group consisting of
SEQ ID NO:4 or SEQ ID NO:6 comprising culturing a host
cell of claim 17 under conditions sufficient for the produc-
tion of said polypeptide and recovering the polypeptide from
the culture medium.

19. A process for expressing a polynucleotide of any one
of claims 6-15 comprising transforming a host cell with the
expression vector comprising at least one of said polynucle-
otides and culturing said host cell under conditions sufficient
for expression of any one of said polynucleotides.

20. A vaccine composition comprising an effective
amount of the polypeptide of any one of claims 1 to 5 and
a pharmaceutically acceptable carrier.

21. A vaccine composition comprising an effective
amount of the polynucleotide of any one of claims 6 to 15
and a pharmaceutically acceptable carrier.

22. The vaccine composition according to either one of
claims 20 or 21 wherein said composition comprises at least
one other Neisseria meningitidis antigen.

23. An antibody immunospecific for the polypeptide or
immunological fragment as claimed in any one of claims 1
to 5.

24. A method of diagnosing a Neisseria meningitidis
infection, comprising identifying a polypeptide as claimed
in any one of claims 1-5, or an antibody that is immuno-
specific for said polypeptide, present within a biological
sample from an animal suspected of having such an infec-
tion.
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25. Use of a composition comprising an immunologically
effective amount of a polypeptide as claimed in any one of
claims 1-5 in the preparation of a medicament for use in
generating an immune response in an animal.

26. Use of a composition comprising an immunologically
effective amount of a polynucleotide as claimed in any one
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of claims 6-15 in the preparation of a medicament for use in
generating an immune response in an animal.

27. A therapeutic composition useful in treating humans
with Neisseria meningitidis disease comprising at least one
antibody directed against the polypeptide of claims 1-5 and
a suitable pharmaceutical carrier.
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