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The invention provides BASBO006
polypeptides and polynucleotides encoding
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- producing such polypeptides by recombinant
| techniques. Also provided are diagnostic,
prophylactic and therapeutic uses.

BASBO006

proteins were scparated on a 4-20% gradient polyu:ryllmido gel (NOVBX) under
PAGE-SDS conditions and stained with Coomassie Blue R250: The _u_mple loaded on
the gel corresponded to protein fractions enriched (more than 80%) in BASB00S (lanc 1
and 2) and a molccular weight marker (MW). | | -
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BASB006 POLYNUCLEOTIDE(S) AND POLYPEPTIDES FROM NEISSERIA MENINGITIS

FIELD OF THE INVENTION
This invention relates to polynucleotides, (herein referred to as “BASB006

polynucleotide(s)”), polypeptides encoded by them (referred to herein as “BASB006” or
“BASBO006 polypeptide(s)”), recombinant materials and methods for their production. In

another aspect, the invention relates to methods for using such polypeptides and

BACKGROUND OF THE INVENTION

Neisseria meningitidis (meningococcus) is a Gram negative bacterium frequently isolated
from the human upper respiratory tract. It occasionally causes invasive bacterial 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
1s 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).

Epidemics dominated by serogroup A meningococci, 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 (Supplement), S18-S24, 1989). Nearly all 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., Arminjon, F., Mynard, M.C., Lafaix, C.. J. Biol. Stand. 10: 335-339, 1982).

-1-
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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).

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 components
(Wyle, F.A., Artenstein, M.S., Brandt, M.L. et al. J. Intect. Dis. 126: 514-522. 1972; Finne,
J.M., Leinonen, M., Mikeld, P.M. Lancet ii_- 355-357, 1983).

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 vaccines have demonstrated efficcacies from 57% - 85% in older children (>4 years)

and adolescents.

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 futher 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 TbpB 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. Inmun. 63: 884-890, 1995). The mechanisms of protective Immunity

‘2

*3

will involve antibody mediated bactericidal activity and opsonophagocytosis.

A bacteremia animal model has been used to combine 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 complement component mediated bactericidal mechanism is

-9 .
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crucial for immunity against meningococcal disease (Ross, S.C., Rosenthal P.J.. Berberic,

10

15

20

H.M., Densen, P. J. Infect. Dis. 155: 1266-1275, 1987).

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 weakened immune systems. It 1s no longer
uncommon to 1solate 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

The present invention relates to BASBO006, in particular BASB006 polypeptides and
BASBO006 polynucleotides, recombinant materials and methods for their production. In
another aspect, the invention relates to methods for using such polypeptides and
polynucleotides, including prevention and treatment of microbial diseases, amongst others.
In a further aspect, the 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 BASB006 polynucleotides or

polypeptides.

descriptions and from reading the other parts ot the present disclosure.
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DESCRIPTION OF THE INVENTION

The invention relates to BASB006 polypeptides and polynucleotides as described in greater
detail below. In particular, the invention relates to polypeptides and polynucleotides of
BASBO006 of Neisseria meningitidis, which is related by amino acid sequence homology to
H. influenzae Hap polypeptide. The invention relates especially to BASB006 having the
nucleotide and amino acid sequences set out in SEQ ID NO: 1 ,3 and SEQ ID NO:2 4
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.

Po!zgegtides

In one aspect of the invention there are provided polypeptides of Neisseria meningitidis
referred to herein as "BASB006" and "BASB006 polypeptides” as well as biologically,
diagnostically, prophylactically, clinically or therapeutically useful variants thereof, and

compositions comprising the same.

The present invention further provides for:

(a) an isolated polypeptide which comprises an amino acid sequence which has at least
85% identity, more preferably at least 90% identity, yet more preferably at least 95%
1dentity, most preferably at least 97-99% or exact identity, to that of SEQ ID NO:2, 4:

(b) a polypeptide encoded by an isolated polynucleotide 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 preferably at least 97-99% or exact 1dentity to
SEQ ID NO:1, 3 over the entire length of SEQ ID NO:1, 3 respectively; or

(c) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide

sequence encoding a polypeptide which has at least 85% identity, more preferably at least
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90% 1dentity, 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:

The BASBO006 polypeptides provided in SEQ ID NO:2,4 are the BASB006 polypeptides
from Neisseria meningitidis strains ATCC13090 and H44/76.

The invention also provides an immunogenic fragment of a BASB006 polypeptide, that
1S, a contiguous portion of the BASB006 polypeptide which has the same or substantially
the same Immunogenic activity as the polypeptide comprising the amino acid sequence of
SEQ ID NO:2,4. That is to say, the fragment (if necessary when coupled to a carrier) is
capable of raising an immune response which recognises the BASB006 polypeptide.
Such an immunogenic fragment may include, for example, the BASB006 polypeptide
lacking an N-terminal leader sequencé, and/or a transmembrane domain and/or a C-
terminal anchor domain. In a preferred aspect the immunogenic fragment of BASB006
according to the invention comprises substantially all of the extracellular domain of 2
polypeptide which has at least 85% identity, more preterably at least 90% identity, yet
more preferably at least 95% identity, most preferably at least 97-99% identity, to that
of SEQ ID NO:2,4 over the entire length of SEQ ID NO:2

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
BASBO006 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.

Preferred fragments include, for example, truncation polypeptides having a portion of an
amino acid sequence of SEQ ID NO:2,4 or of variants thereof, such as a continuous series of

residues that includes an amino- and/or carboxyl-terminal amino acid sequence.

-5 -
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Degradation forms of the polypeptides of the invention produced by or in a host cell, are
also preferred. Further preferred are fragments 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, tumn and turn-forming regions, coil and coil-
forming regions, hydrophilic regions, hydrophobic regions, alpha amphipathic reglons beta

amphipathic regions, flexible regions, surface-forming regions, substrate binding region, and

high antigenic index regions.

Further preferred fragments include an isolated polypeptide comprising an amino acid
sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids from the amino
acid sequence of SEQ ID NO:2,4, 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.

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 tull-length polypeptides of the

invention.

Particularly preferred are variants in which several, 5-10, 1-5, 1-3, 1-2 or 1 amino acids

are substituted, deleted, or added in any combination.

The polypeptides, or immunogenic fragments, of the invention may be in the form of
the “mature” protein or may be a part of a larger protein such as a precursor or a fusion
protein. It is often advantageous to include an additional amino acid sequence which
contains secretory or leader sequences, pro-sequences, sequences which aid in
purification such as multiple histidine residues, or an additional sequence for stability

during recombinant production. Furthermore, addition of exogenous polypeptide or

-6 -
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lipid tail or polynucleotide sequences to increase the Immunogenic potential of the final

molecule 1s also considered.

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 incorporation

of a cleavage sequence which can be cleaved with blood clotting factor Xa.

Furthermore, this invention relates to processes for the preparation of these fusion
proteins by genetic engineering, and to the use thereof for drug screening, diagnosis and
therapy. A further aspect of the invention also relates to polynucleotides encoding such

fusion proteins. Examples of fusion protein technology can be found in International

Patent Application Nos. W094/29458 and W(094/22914.

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 recognised by humans, or
assist in expressing the protein (expression enhancer) at higher yields than the native
recombinant protein. Preferably the fusion partner will be both an tmmunological

tusion partner and expression enhancing partner.

Fusion partners include protein D from Haemophilus 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.

-7 .-
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LytA is derived from Streptococcus pneumoniae which synthesize an N-acetyl-L-
alanine amidase, amidase LytA, (coded by the 1ytA 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 1s responsible for the affinity to
the choline or to some choline analogues such as DEAE. This property'has been
exploited for the development of E.coli C-LytA expressing plasmids useful 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.

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 characteristics. 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.

Polypeptides of the present invention can be prepared in any suitable manner. Such
polypeptides include isolated naturally occurring polypeptides, recombinantly produced
polypeptides, synthetically produced polypeptides, or polypeptides produced by a
combination of these methods. Means for preparing such polypeptides are well

understood in the art.

It 1s 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.

-8
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Polynucleotides

BASBO006.

In a particularly preferred embodiment of the invention the polynucleotide comprises a

region encoding BASB006 polypeptides comprising a sequence set out in SEQ ID NO:1,3

which includes a full length gene, or a variant thereof.

The BASBO006 polynucleotides provided in SEQ ID NO:1.3 are the BASB006
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 BASB006 polypeptides and polynucleotides, particularly
Neisseria meningitidis BASB006 polypeptides and polynucleotides, 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.

Another aspect of the invention relates to isolated polynucleotides, Including at least one full

length gene, that encodes a BASB006 polypeptide having a deduced amino acid sequence of
SEQ ID NO:2,4 and polynucleotides closely related thereto and variants thereof.

In another particularly preferred embodiment of the invention there is a BASB006

polypeptide from Neisseria meningitidis comprising or consisting of an amino acid

sequence of SEQ ID NO:2.4 or a variant thereof.

. 0.
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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 hybridization conditions. By
sequencing the individual clones thus identified by hybridization with sequencing primers
designed from the original polypeptide or polynucleotide sequence it is then posstible 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., MOLECULAR CLONING, A
LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, New York (1989). (see in particular Screening By Hybridization 1.90 and
Sequencing Denatured Double-Stranded DNA Templates 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 was discovered in a DNA

library derived from Neisseria meningitidis.

Moreover, each DNA sequence set out in SEQ ID NO:1.3 contains an open reading frame
encoding a protein having about the number of amino acid residues set forth in SEQ ID
NO:2, 4 with a deduced molecular weight that can be calculated using amino acid residue

molecular weight values well known to those skilled in the art.

-10 -
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The polynucleotide of SEQ ID NO:1, between the start codon at nucleotide number 1 and
the stop codon which begins at nucleotide number 4363 of SEQ ID NO:1, encodes the
polypeptide of SEQ ID NO:2.

The polynucleotide of SEQ ID NO:3, between the start codon at nucleotide number 1 and
the stop codon which begins at nucleotide number 4372 of SEQ ID NO:3, encodes the
polypeptide of SEQ ID NO:4.

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

(a) a polynucleotide sequence which has at least 85% Identity, more preferably at least
90% identity, yet more preterably at least 95% 1dentity, even more preferably at least
97-99% or exact identity to SEQ ID NO:1,3 over the entire length of SEQ ID NO:1.3
respectively; or

(b) a polynucleotide sequence encoding a polypeptide which has at least 85% 1dentity,
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 over the entire length of SEQ ID NO:2, 4 respectively.

A polynucieotide 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 SEQIDNO: 1.3 ora fragment thereof: and Isolating a full-length gene

and/or genomic clones containing said polynucleotide sequence.

“11 -
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The invention provides a polynucleotide sequence identical over its entire length to a coding
sequence (open reading frame) in SEQ ID NO: 1

and 3’ sequence, such as the transcribed but non-translated sequences, termination signals

(such as rho-dependent and rho-independent termination signals), ribosome binding sites,

, as provided in the pQE vector (Qiagen, Inc.) and

I5  described in Gentz et al., Proc. Natl. Acad Sci., USA 86: 821-824 (1989), or an HA peptide
tag (Wilson et al., Cell 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.

20

- 12 -
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The term "polynucleotide encoding a polypeptide" as used herein encompasses
polynucleotides that include a sequence encoding a polypeptide of the Invention,
particularly a bacterial polypeptide and more particularly a polypeptide of the Neisseria
meningitidis BASB006 having an amino acid sequence set out in SEQ ID NO:2, 4. The

term also encompasses polynucleotides that include a single continuous region or

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.
The invention further relates to variants of the polynucleotides described herein that encode

Fragments of polynucleotides of the invention may be used, for example, to synthesize full-

length polynucleotides of the invention.

Further particularly preferred embodiments are polynucleotides encoding BASB006
variants, that have the amino acid sequence of BASBO0O06 polypeptide of SEQ ID NO:2, 4 in
which several, a few, 5t0 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 preferred among these are

silent substitutions, additions and deletions, that do not alter the properties and activities of

BASBO006 polypeptide.

Further preferred embodiments of the invention are polynucleotides that are at least 85%

identical over their entire length to a polynucleotide encoding BASB006 polypeptide having

an amino acid sequence set out in SEQ ID NO:2, 4, and polynucleotides that are

particularly preferred polynucleotides, those with at least 95% are especially preferred.

-13 -
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Furthermore, those with at least 97% are hj ghly preferred among those with at least 95%,
and among these those with at least 98% and at least 99% are particularly highly preferred.

with at least 99% being the more preferred.

SEQ ID NO:1, 3.

In accordance with certain preferred embodiments of this Invention there are provided
polynucleotides that hybridize, particularly under stringent conditions, to BASB006

polynucleotide sequences, such as those polynucleotides in SEQ ID NO:1. 3.

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% 1dentity
between the sequences. A specific example of stringent hybridization conditions is
overnight incubation at 42°C in a solution comprising: 50% formamide, 5x SSC (150mM
NaCl, 15mM trisodium citrate), 50 mM sodium phosphate (pH7.6), 5x Denhardt's
solution, 10% dextran sulfate, and 20 micrograms/ml of denatured, sheared salmon sperm
DNA, followed by washing the hybridization support 1n 0.1x SSC at about 65°C.
Hybridization and wash conditions are well known and exemplified in Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor, N.Y .,
(1989), particularly Chapter 11 therein. Solution hybridization may also be used with the

polynucleotide sequences provided by the invention.

- 14 -
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The invention also provides a polynucleotide consisting 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 under stringent hybridization
conditions with a probe having the sequence of said polynucleotide sequence set forth in
SEQ ID NO:1, 3 or a fragment thereof: and 1solating said polynucleotide sequence.

Fragments useful for obtaining such a polynucleotide include, for example, probes and

primers fully described elsewhere herein.

As discussed elsewhere herein regarding polynucleotide assays of the invention, for
Instance, the polynucleotides of the invention, may be used as a hybridization probe for
RNA, ¢cDNA and genomic DNA to isolate full-length cDNAs and genomic clones encoding
BASBO006 and to isolate cDNA and genomic clones of other genes that have a high identity,
particularly high sequence identity, to the BASB006 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.

A coding region of a BASB006 gene may be isolated by screening using a DNA sequence
provided in SEQ ID NO:1, 3 to synthesize an oligonucleotide probe. A labeled
oligonucleotide having a sequence complementary 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.

There are several methods available and well known to those skilled in the art to obtain
full-length DNAs, or extend short DNAs, for example those based dn the method of Rapid
Amplification of cDNA ends (RACE) (see, for example, Frohman, ef al , PNAS USA 8)5.
8998-9002, 1988). Recent modifications of the technique, exemplified by the Marathon™

- 15 -
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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 §'

10 DNA sequencing and a full-length DNA constructed either by joining the product directly
PCR using the new sequence information for the design of the 5' primer.

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

particularly human diseases, as further discussed herein relating to polynucleotide assays.

The polynucleotides of the invention that are oligonucleotides derived from a sequence of
SEQ ID NOS:1 — 4 may be used in the processes herein as described, but preferably for
20 PCR, to determine whether or not the polynucleotides identified herein in whole or in part
are transcribed in bacteria in infected tissue. It is recogmzed that such sequences will also
have utility in diagnosis of the stage of infection and type of infection the pathogen has

attained.

25  The invention also provides polynucleotides that encode a polypeptide that is the mature
protein plus additional amino or carboxyl-terminal amino acids, or amino acids interior to
the mature polypeptide (when the mature form has more than one polypeptide chain, for

Instance). Such sequences may play a role in processing of a protein from precursor to a

- 16 -

LT T



10

15

20

25

CA 02326375 2000-10-20

WO 99/55873 PCT/EP99/02766

mature form, may allow protein transport, may lengthen or shorten protein half-life or may
facilitate manipulation of a protein for assay or production, among other things. As
generally 1s the case in vivo, the additional amino acids may be processed away from the

mature protein by cellular enzymes.

For each and every polynucleotide of the invention there is provided a polynucleotide

complementary to it. It is preferred that these complementary polynucleotides are tully

complementary to each polynucleotide with which they are complementary.

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.

In addition to the standard A, G, C, T/U representations for nucleotides, the term "N" may
also be used in describing certain polynucleotides of the invention. "N" means that any of
the four DNA or RNA nucleotides may appear at such a designated position in the DNA
or RNA sequence, except it is preferred that N is not a nucleic acid that when taken in
combination with adjacent nucleotide posttions, when read in the correct reading frame,

would have the effect of generating a premature termination codon in such reading frame.

In sum, a polynucleotide of the invention may encode a mature protein, a mature protein
plus a leader sequence (which may be referred to as a preprotein), a precursor of a mature
protein having one or more prosequences that are not the leader sequences of a preprotein,
or a preproprotetn, 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.
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genetic immunization.

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 US4, (1986) 83: 9551), encapsulation of DNA in various forms of
liposomes (Kaneda er al., Science (1989) 243: 375), particle bombardment (Tang et al.,
Nature (1992) 356:152, Eisenbraun 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

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 invention by recombinant techniques. Cell-free

translation systems can also be employed to produce such proteins using RNAs derived

from the DNA constructs of the invention.

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

MOLECULAR CLONING: A LABORATORY MANUAL. 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989), such as, calcium phosphate
transfection, DEAE-dextran mediated transfection. transvection, microinjection, cationic

lipid-mediated transfection, electroporation, transduction, scrape loading, ballistic

introduction and infection.

Representative examples of appropriate hosts include bacterial cells, such as cells of
streptococct, staphylococci, enterococct, E, coli, streptomyces, cyanobacteria, Bacillus
subtilis, Moraxella catarrhalis, Haemophilus influenzae 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 gymnosperm or angiosperm.

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, picornaviruses, retroviruses,
and alphaviruses and vectors derived from combinations thereof, such as those derived from

plasmid and bacteriophage genetic elements, such as cosmids and phagemids. The
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expression system constructs may contain control re gions that regulate as well as engender

expression. Generally, any system or vector suitable to maintain, propagate or express

polypeptide. These signals may be endogenous to the polypeptide or they may be

heterologous signals.

Polypeptides of the present invention can be recovered 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, hydrophobic interaction chromatography, affinity chromato graphy,
hydroxylapatite chromatography and lectin chromatography. Most preferably, ion metal
atfinity chromatography (IMAC) is employed for purification. Well known techniques
for refolding proteins may be employed to regenerate active conformation when the

polypeptide is denatured during intracellular synthesis, isolation and or purification.

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 recombinant
virus or bacterium. Inoculation and in vivo infection with this live vector will Jead to in
vivo expression of the antigen and induction of immune responses. Viruses and bacteria

used for this purpose are for instance: poxviruses (e.g; vaccinia, fowlpox, canarypox),
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Virus), adenoviruses, adeno-associated virus, picornaviruses (poliovirus, rhinovirus),
herpesviruses (varicella zoster virus, etc), Listeria, Salmonella , Shigella, Neisseria,
BCG. These viruses and bacteria can be virulent, or attenuated in various ways in order

to obtain live vaccines. Such live vaccines also form part of the invention.

Diagnostic, Prognostic, Serotyping and Mutation Assays

This invention is also related to the use of BASB006 polynucleotides and polypeptides of

the invention for use as diagnostic reagents. Detection of BASBO006 polynucleotides and/or

organism to drugs. Eukaryotes, particularly mammals, and especially humans, particularly
those infected or suspected to be infected with an organism comprising the BASB006 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.

Polypeptides and polynucleotides for prognosis, diagnosis or other analysis may be obtained
from a putatively 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 amplification 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 b)} 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 hybridizing
amplified DNA to labeled BASB006 polynucleotide sequences. Perfectly or significantly

matched sequences can be distinguished from imperfectly or more significantly mismatched
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duplexes by DNase or RNase digestion, for DNA or RNA respectively, or by detecting
differences in melting temperatures or renaturation kinetics. Polynucleotide sequence
differences may also be detected by alterations 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, V1 and S1 protection assay or a chemical cleavage method. See, for

example, Cotton et al., Proc. Natl. Acad. Sci.,, USA, 85: 4397-4401 (1985).

In another embodiment, an array of oligonucleotides probes comprising BASB006
nucleotide sequence or fragments thereof can be constructed to conduct efficient screening
of, for example, genetic mutations, serotype, 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)).

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, or a fragment thereof :

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

(c) a polypeptide of the present invention, preterably the polypeptide of SEQ ID NO:2, 4
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.

.29 .
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among others.

This invention also relates to the use of polynucleotides of the present invention as
diagnostic reagents. Detection of a mutated form of a polynucleotide of the invention,
preferable, SEQ ID NO:1, 3, 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 organisms, carrying mutations in such

polynucleotide may be detected at the polynucleotide level by a variety of techniques, such

as those described elsewhere herein.

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

polynucleotide or polypeptide level by a variety of techniques, to allow for serotyping, for

example. For example, RT-PCR can be used to detect mutations in the RNA. Itis
particularly preferred to use RT-PCR in conjunction with automated detection systems, such
as, for example, GeneScan. RNA, cDNA or genomic DNA may also be used for the same

purpose, PCR. As an example, PCR primers complementary to a polynucleotide encoding

BASBO006 polypeptide can be used to 1dentify and analyze mutations.

Ihe 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

BASB006 DNA and/or RNA isolated from a sample derived from an individual, such as a

bodily material. The primers may be used to amplity a polynucleotide isolated from an

infected individual, such that the polynucleotide may then be subject to various techniques
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for elucidation of the polynucleotide sequence. In this way, mutations in the polynucleotide
sequence may be detected and used to diagnose and/or prognose the infection or its stage or

course, or to serotype and/or classify the infectious agent.

The invention further provides a process for diagnosing disease, preferably bacterial
infections, more preferably infections caused by Neisseria meningitidis, comprising
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.
Increased or decreased expression of a BASB006 polynucleotide 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 protection, Northern blotting,

spectrometry and other hybridization methods.

In addition, a diagnostic assay in accordance with the invention for detecting over-
expression of BASB006 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 BASB006 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.

The polynucleotides of the invention may be used as components of polynucleotide

arrays, preferably high density arrays or grids. These high density arrays are

polynucleotides of the invention, may be used for probing, such as using hybridization
or nucleic acid amplification, using a probe obtained or derived from 2 bodily sample, to

determine the presence of a particular polynucleotide sequence or related sequence in an
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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 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.

Antibodies
The polypeptides and polynucleotides of the invention or variants thereof, or cells

expressing the same can be used as immunogens to produce antibodjes immunospecific for

such polypeptides or polynucleotides respectively.

In certain preferred embodiments of the invention there are provided antibodies against

BASBO006 polypeptides or polynucleotides.

Antibodies generated against the polypeptides or polynucleotides of the invention can be
obtained by administering 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. <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>