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PERTUSSIS ANTIGENS AND USE THEREOF IN VACCINATION

* FIELD OF THE INVENTION |

This imvention relates to polynucleotldes (herein referred to as “BASB232
polynucleotide(s)”), polypeptides encoded by them (referred to herein as “BASB232” or \
“BASB232 polypeptide(s)”), recombinant materials and methods for their production. In
particular, the invention relates to immunogenic compositions and vaccines containing
single polypeptide or nucleotides or advantageous combinations thereof. In another aspect of
the invention, the invention relates to methods for using such polypeptides and
polynucleotides for the treatment or prevention of Bordetella imnfections. In a further aspect,
the invention relates to diagnostic assays for detecting Bordetella infection.

BACKGROUND OF THE INVENTION

The bacterium Bordetella pertussis is the causative agent for whooping cough, a
respiratory disease that can be severe in infants and young children. The clinical course
of the disease 1s characterised by paroxysms of rapid coughs followed by inspiratory
effort, often associated with a characteristic ‘whooping’ sound. In serious cases, oxygen
deprivation can lead to brain damage, however the most common complication is

secondary pneumonia.

Whooping cough is usually considered to be caused by B. pertussis, but occasionally B.
parapertussis is 1solated from patients with typical signs and symptoms of whooping
cough. B. parapertussis infection is of lower frequency than B. pertussis with 5-10% of
whooping cough being associated W1th B. paraperitussis (Mertsola (1985) Eur J Clin
Mlcrqblol 4, 123; Lautrop (1971) Lancet 1(7711) 1195-1198). B. parapertussis is

associated with mild clinical symptoms which, combined with its serological cross-

reactivity with B.pertussis, makes B. parapertussis difficult to diagnose.

The first generation of vaccines against B. pertussis were whole cell vaccines, composed

of whole killed bacteria. These were introduced in many countries in the 1950s and
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1960s and were successful at reducing the incidence of whooping cough. A problem
with whole cell B. pertussis vaccines 1s the high level of reactogenicity associated with
them. Acellular vaccines containing purified B. pertussis proteins are less reactogenic
and have been adopted for the vaccination programmes of many countries. Acellular
vaccines typically containing pertussis toxin (PT), filamentous haemagglutinin (FHA)
and quite often pertactin (PRN), are widely used and provide efiective protection from

the severity of whooping cough.

Despite vaccination, whooping cough remains an endemic disease (Moot et al (2001)
Emerging Infectious Diseases 7; 526). Whooping cough has re-emerged in Australia,
Canada and The Netherlands; countries with highly vaccinated populations. A
comparison of pre-vaccination strains with strains isolated recently, has shown antigenic
drift, particularly in PT and PRN (Mooi et al (1998) Infection and Immunity 66; 670). It
is widely acknowledged that current vaccines protect against severe disease but do not
eliminate Bordetella pertussis from the body (Cherry et al (1998) Vaccine 16; 1901,
Hewlett and Halperin (1998) Vaccine 16; 1899, Storsaeter et al (1998) Vaccine 16;
1907). The defence mechanisms of Bordetella pertussis allow 1t to evade elimination
from the body, indicating that current vaccines do not completely disable these defence

mechanisms.

Vaccination using whole cell B. pertussis vaccines (Pw), appears to protect against B.
parapertussis infection, probably due to the similarity of the two bactera. B.
parapertussis infection in unvaccinated infants may lead to severe and fatal
complications, whereas in individuals vaccinated with Pw, a milder, often subclinical
course of whooping cough is seen (Long et al (1990) Pediatric Infect Dis J 9; 700).
Theoretically, the introduction of acellular pertussis vaccines containing only two or
three purified proteins could reduce the ability of vaccination to protect against B.

parapertussis.
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Accordingly, further improved acellular vaccines against whooping cough are required
that combine low reactogenicity with an ability to elicit a protective response against
Bordetella, particularly both B. pertussis and B. parapertussis, infection. The
1identification of new candidate antigens and particularly effective combinations of

antigens will allow the development of such vaccines.

SUMMARY OF THE INVENTION

The present invention relates to immunogenic compositions contaimng BASB232, 1n
particular BASB232 polypeptides or BASB232 polynucleotides, recombinant materials and
methods for their production. In a further aspect, the invention relates to combination of
polypeptides or nucleotides that interact advantageously in the prevention or treatment of
microbial, particularly Bordetella, disease. In another aspect, the mvention relates to
methods for using such polypeptides, polynucleotides and combinations, including
prevention and treatment of Bordetella 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 BASB232 polynucleotides or polypeptides.

The scope of the claims should not be limited by the preferred embodiments set forth in the

examples, but should be given the broadest interpretation consistent with the description

as a whole.

DESCRIPTION OF FIGURES

Figure 1 —is a graph showing protection against challenge with B. pertussis strain
Tohama in groups of mice pre-immunised with carrier DT BrkA, DTPa-2, DTPa-2
BrkA, DTPa-3 or DTPa-3 BrkA. Results are expressed as the number of CFU isolated
per lung at different time points after challenge. Pa-2 is a combination of pertussis toxin

and FHA, whilst Pa-3 is a combination of pertussis toxin, FHA and pertactin.
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Figure 2 — is a graph showing protection against challenge with B. perfussis strain
18323 in groups of mice pre-immunised with carrier DT BrkA, DTPa-2, DTPa-2 BrkA,
DTPa-3 or DTPa-3 BrkA. Results are expressed as the number of CFU isolated per lung

at different time points after challenge.

Figure 3 — graphs showing protection against challenge with B. pertussis or B.
parapertussis in groups of mice preimmunised with DTPw or DTPa from several
sources. Results are expressed as number of CFU isolated from the lung at different

time points after challenge.

Figure 4 — graphs showing protection against B. parapertussis by antibodies against
whole cell B. pertussis.

~ Panel A shows active protection against B. parapertussis following immunization of
mice with DTPw vaccine.

Panel B shows passive protection against-B. parapertussis by antisera raised against

DTPw.

Figure 5 — Alignment of the SDS-PAGE of B. parapertussis OMP and the
corresponding Western blot treated with sera raised against B. pertussis (DTPw). The
running buffer used for these gels was MES. Alignment was performed using prestained

molecular weight standards as reference points.

Figure 6 — Alignment of the SDS-PAGE of B. parapertussis OMP and the
corresponding Western blot treated with sera raised against B. pertussis (DTPw). The
running buffer used for these gels was MOPS. Alignment was performed using

prestained molecular weight standards as reference points.

DESCRIPTION OF THE INVENTION
The invention relates to BASB232 polypeptides and polynucleotides as described n
greater detail below. In particular, the invention relates to polypeptides and
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polynucleotides of BASB232 of B. pertussis, particularly comprised in immunogenic

compositions.

The invention relates especially to BASB232 polynucleotides and encoded polypeptides

listed in table 1. Those polynucleotides and encoded polypeptides have the nucleotide and
amino acid sequences set out in SEQ ID NO:1 to SEQ ID NO:110 as described in table 1.

Table 1
Name | Length | Length | SEQ | SEQ
(nT) (aa) D D Description
nucl. | prot.
Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%)
Orfl 2211 737 ] 2 Ferric enterobactin receptor (BfeA), Bordetella
pertussis (95%)
Orf2 2475 812 3 4 Probable hydroxamate-type ferrisiderophore receptor
(BfrB), Pseudomonas aeruginosa (40%)
Orf3 2403 729 5 6 Putative hydroxamate-type ferrisiderophore receptor
signal peptide protein (BfrC), Pseudomonas
solanacearum (38%)
Orf4 2304 734 7 8 Putative ferric siderophore receptor (FauA), Bordetella
bronchiseptica (97%)
Orf5 2187 825 9 10 Unidentified ferric siderophore receptor, Bordetella
bronchiseptica (94%)
Orf6 2064 801 11 12 Ferric alcaligin siderophore receptor, Bordetella
pertussis (100%)
Orf7 2229 743 13 14 Hydroxamate-type ferrisidero-phore receptor (iron
transport protein fiu), Pseudomonas aeruginosa (37%)
Orf8 2268 756 15 16 Hydroxamate-type ferrisidero-phore receptor (iron
transport protein fiu), Pseudomonas aeruginosa (41%)
Orf9 2106 702 17 18 Putative hydroxamate-type ferrisiderophore receptor
signal peptide protein, Pseudomonas solanacearum
(40%)
Orfl0 2610 870 19 20 BhuR, outer membrane heme receptor, Bordetella
pertussis (100%)
Orfl1 2280 760 21 22 Probable tonb-dependent receptor, Pseudomonas
aeruginosa (34%)
Orfl2 1887 629 23 24 Probable tonb-dependent receptor, Pseudomonas
aeruginosa (34%)
Orfl3 1731 577 25 26 Ferrisiderophore receptor-like protein, Pseudomonas
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sp (57%)
Orfl4 1434 478 27 28 Probable tonB-dependant receptor Yncd precursor,
Escherichia coli (56%)
Orfl5 2730 910 29 30 Pertactin outer membrane protein, Bordetella pertussis
(100%)
Oril6 2748 915 31 32 Vag8 protein, Bordetella pertussis (96%)
Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%)
Orfl8 1944 647 35 36 Tct protein, Bordetella pertussis (74%)
Orfl9 1245 418 37 38 Phg protein, Bordetella pertussis (81%)
Orf20 2712 903 39 40 BapA protein, Bordetella pertussis (85%)
Orf21 1446 482 41 42 BapB protein, Bordetella pertussis (87%)
Orf22 2277 759 43 44 Putative autotransporter BapC, Bordetella pertussis
(86%)
Or{23 1545 515 45 46 Pertactin-like protein, Bordetella pertussis (47%)
Orf24 1191 397 47 48 Tct-like protein, Bordetella pertussis (56%)
Orf25 6903 2300 49 50 | Extracellular serine protease, Brucella melitensis (25%)
Orf26 2622 873 51 52 Autotransporter protein, Agrobacterium tumefaciens
(43%)
Orf27 3120 1039 53 54 Autotransporter subtilisin-like protease (SphB1),
Bordetella pertussis (93%)
Orf28 2241 747 35 56 Heme/hemopexin utilization protein ¢ precursor,
Haemophilus influenzae (48%)
Orf29 1575 525 57 58 Lipoprotein (piln protein), Escherichia coli (22%)
Orf30 1509 503 59 60 | Immunogenic protein, Deinococcus radiodurans (35%)
Orf3l] 1491 497 61 62 Probable outer membrane lipoprotein precursor,
Pseudomonas aeruginosa (48%)
Orf32 1491 497 63 64 Probable outer membrane efflux protein precursor,
Pseudomonas aeruginosa (43%)
Orf33 1380 460 65 66 Oprm, Pseudomonas aeruginosa (45%)
Orf34 1347 449 67 68 Probable outer membrane channel signal peptide
protein, Ralstonia solanacearum (40%)
Orf35 1287 429 69 70 Putative membrane-bound lytic murein
transglycosylase a transmembrane protein (MItA),
Ralstonia solanacearum (42%)
Orf36 1143 381 71 72 Putative membrane-bound lytic murein
transglycosylase b protein (MItB), Ralstonia
solanacearum (40%)
Orf37 1095 365 73 74 Putative polysaccharide export protein yccz precursor,
Escherichia coli (34%)
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Orf38 897 299 75 76 Putative serine protease transmembrane protein,
Ralstonia solanacearum (55%)

Orf39 852 284 77 78 | Hypothetical protein pa4632, Pseudomonas aeruginosa

(52%)
Orfd0 846 282 79 80 Competence lipoprotein coml precursor, Neisseria
meningitidis (45%)

Orf41 813 271 81 82 Probable lipoprotein precursor (vacj) transmembrane,
Ralstonia solanacearum (43%)

Orf42 801 267 83 84 Putative outer membrane lipoprotein, Salmonella

typhimurium (24%)

Orf43 690 230 85 86 Flagellar 1-ring protein precursor (basal body l-ring
protein), Escherichia coli (51%)

Orf44 678 226 87 88 Hypothetical lipoprotein ydcl precursor, Escherichia

coli (32%)
Orf45 558 186 89 90 Probable peptidoglycan-associated lipoprotein
precursor (Pal), Ralstonia solanacearum (63%)
Orf46 552 184 o1 92 Putative outer membrane lipoprotein (OmlA),
Bordetella pertussis (100%)
Orf47 546 182 93 04 Hypothetical transmembrane protein smc00354,
Rhizobium meliloti (36%)

Orf48 501 167 95 96 Putative outer membrane lipoprotein transmembrane,
Ralstonia solanacearum (40%)

Orf49 456 152 97 08 Lipoprotein, Vibrio cholerae (44%)

Orf 50 5307 1769 99 100 Autotransporter Bordetella parapertussis (100%)

BPP0452

Orf 51 579 193 101 102 OmpA Bordetella pertussis (100%)

Orf52 579 193 103 104 OmpA Bordetella parapertussis (100%) BPP3135

Orf33 2229 743 105 106 Probable TonB-dependent receptor for iron transport

Bordetella parapertussis (100%) BPP3376
Orf54 1155 385 107 108 Outer membrane porin protein precursor Bordetella
pertussis (100%)

Orf55 1164 388 109 110 Outer membrane porin protein precursor Bordetella

parapertussis (100%) BPP3392

The percentage shown in table 1 are the identity percentage shared by each sequence of the
BASB232 polypeptides and their homologous polypeptides found in B.pertussis or in other
organisms (by a BLAST homology search).
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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.

The sequences of the BASB232 polynucleotides are set out in SEQ ID NO: 33, 1, 3, 5, 7,
0,11, 13, 15,17, 19, 21, 23, 25, 27, 29, 31, 35, 37, 39, 41, 43, 45, 47, 49, 51, 33, 55, 57,

59, 61, 63, 65, 67,69, 71,73, 75,77, 79, 81, 83, 85, 87, 89, 91, 93, 95, 97, 99, 101, 103,
105, 107, 109. SEQ Group 1 refers herein to the group of polynucleotides set out in SEQ
IDNO: 33,1,3,5,7,9,11, 13,15, 17, 19, 21, 23, 25, 27, 29, 31, 35, 37, 39, 41, 43, 45,

47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,775,717, 79, 81, 83, 85, 87, 89, 91, 93,
95, 97,99, 101, 103, 105, 107, 109.

The sequences of the BASB232 encoded polypeptides are set out in SEQ ID NO: 34, 2, 4,
6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54,
56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, 98, 100,
102, 104, 106, 108, 110. SEQ Group 2 refers herein to the group of encoded polypeptides
set out in SEQ ID NO: 34, 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28, 30, 32, 36, 38,
40, 42, 44, 46, 48, 50, 52, 54, 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 80,
88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110.

The BASB232 polynucleotides set outin SEQID 1, 3, 5,7, 9, 11, 13, 15, 17, 19, 21, 23, 25,
27 and 105 belong to the iron transporter protein family.

The BASB232 polynucleotides set out in SEQ ID 33, 29, 31, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53 and 99 belong to the autotransporter proteins fanuly.

The BASB232 polynucleotides set out in SEQ ID 55, 57, 59, 61, 63, 65, 67, 69, 71, 73,
75,77, 79, 81, 83, 85, 87, 89, 91, 93, 95 and 97 belong to the lipoproteins family.

The BASB232 polypeptides set out in SEQ ID 2, 4, 6, §, 10, 12, 14, 16, 18, 20, 22, 24, 26,
28 and 106 belong to the iron transporter protein family.

The BASB232 polypeptides set out in SEQ ID 34, 30, 32, 36, 38, 40, 42, 44, 46, 48, 50, 52,
54 and 100 belong to the autotransporter proteins family.
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The BASB232 polypeptides set out in SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76,
78, 80, 82, 84, 86, 88, 90, 92, 94, 96 and 98 belong to the lipoproteins family.

Polypeptides
In one aspect of the invention there are provided polypeptides of B. pertussis referred to

herein as "BASB232" and "BASB232 polypeptides" as well as biologically, diagnostically,
prophylactically, clinically or therapeutically useful variants thereof, and compositions,

preferably immunogenic 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, preferably at least 90% identity, more preferably at least 95% 1dentity, most
preferably at least 97, 98 or 99% or exact identity, to that of any sequence of SEQ Group
2;

(b) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide
sequence which has at least 85% identity, preferably at least 90% identity, more preferably
at least 95% identity, even more preferably at least 97, 98 or 99% or exact identity to any
sequence of SEQ Group 1 over the entire length of the selected sequence of SEQ Group 1;
Oor

(c) a polypeptide encoded by an isolated polynucleotide comprising a polynucleotide
sequence encoding a polypeptide which has at least 85% 1dentity, preferably at least 90%
identity, more preferably at least 95% identity, even more preferably at least 97-99% or

exact identity, to the amino acid sequence of any sequence of SEQ Group 2.

The BASB232 polypeptides provided in SEQ Group 2 are the BASB232 polypeptides
from B. pertussis (or B. parapertussis) as described in table 1. It is envisaged that B.

parapertussis (or B. pertussis) sequences may be used.

The invention also provides an immunogenic fragment of a BASB232 polypeptides, that
is, a contiguous portion of the BASB232 polypeptide which has the same or substantially
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the same immunogenic activity as the polypeptide comprising the corresponding amino
acid sequence selected from SEQ Group 2 ; That is to say, the fragment (if necessary
when coupled to a carrier) is capable of raising an immune response which recognises the
BASB232 polypeptide. Such an immunogenic fragment may include, for example, the
BASB232 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 BASB232 according to the invention comprises substantially all of the
extracellular domain of a polypeptide which has at least 85% identity, preferably at least
90% identity, more preferably at least 95% identity, most preferably at least 97-99%
identity, to that a sequence selected from SEQ Group 2 over the entire length of said

sequence.

A fragment is a polypeptide having an amino acid sequence that 1s entirely the same as part
but not all of any amino acid sequence of any polypeptide of the mvention. As with
BASB232 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 selected from SEQ Group 2 or of variants thereof, such as a continuous
series of residues that includes an amino- and/or carboxyl-terminal ammo acid sequence.
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, turn and turn-formung regions, coil and coil-
forming regions, hydrophilic regions, hydrophobic regions, alpha amphipathic regions, beta
amphipathic regions, flexible regions, surface-forming regions, substrate binding region, and

high antigenic index regions.

10
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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 selected from SEQ Group 2 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 selected from SEQ Group 2 .

The BASB232 polypeptides set out in SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,
53 and 54 belong to an autotransporter proteins family. In this famly, there are two
domains : the passenger domain that is surface exposed and the beta domain that 1s anchored
in the outer membrane protein. The passenger domain is a preferred fragment for vaccine

use. The passenger domain was predicted for each of the BASB232 polypeptides set out in
SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 50, 52 and 100 m table 2.

Table 2
encoded peptidic 1°* amino acids of the Last amino acids of the
sequence preferred fragment preferred fragment
SEQ ID NO:30 35 604
SEQ ID NO:32 40 614
SEQ ID NO:34 41 706
SEQ ID NO:36 40 132
SEQ ID NO:38 36 114
SEQ ID NO:40 31 595
SEQ ID NO:42 1 185
SEQ ID NO:44 1 458
SEQ ID NO:50 38 1984
SEQ ID NO:52 43 561
SEQ ID NO:100 39 1453
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Fragments described in table 2 are preferred fragments. These fragments may be readily
modified by adding or removing 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or 50 anmno acids

from either or both of the N and C termina.

Still further preferred fragments are those which comprise a B-cell or T-helper epitope, for
example those fragments/peptides described in Example 8.

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 mvention.

The term “fragment” encompasses the fragment itself or the fragment may be part of a

larger protein or a fusion protein.

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 n
purification such as multiple histidine residues, or an additional 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 18 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
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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 enco ding 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 immunological

fusion partner and expression enhancing partner.

Fusion partners include protein D from Haemophilus influenzae and the non-structural
protein from influenza virus, NS1 (hemagglutinin). Another fusion partner is the protein
known as Omp26 (WO 97/01638). Another fusion partner is the protein known as
LytA. Preferably the C terminal portion of the molecule is used. LytA is derived from
Streptococcus pneumoniae which synthesize an N-acetyl-L-alanine amidase, 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 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
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repeat portion of the LytA molecule found in the C terminal end starting at residue 178,

tfor 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 Tle: 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 Thyr.

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 B, pertussis, however,
it is optionally 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 (for instance Bordetella parapertussis or Bordetella bronch oseptica).

Polynucleotides
It 1s an object of the invention to provide polynucleotides that encode BASB23?2

polypeptides, particularly polynucleotides that encode polypeptides herein designated
BASB232.

In a particularly preferred embodiment of the invention the polynucleotide comprises a
region encoding BASB232 polypeptides comprising sequences set out in SEQ Groupl
which include full length gene, or a variant or fragment thereof.
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Polynucleotides of the invention do not encompass a complete genomic DNA from 2

Bordetella species, e.g. B. pertussis or B. parapertussis.

As a further aspect of the invention there are provided isolated nucleic acid molecules
encoding and/or expressing BASB232 polypeptides and polynucleotides, particularly B.
pertussis or B. parapertussis BASB232 polypeptides and polynucleotides, including, for
example, unprocessed RNAs, ribozyme RNAs, mRNAs, cDNAs, B- and Z-DNAs.
Further embodiments of the invention include biolo gically, diagnostically,
prophylactically, clinically or therapeutically useful polynucleotides and polypeptides,
and variants thereof, and compositions, preferably immunogenic compositions,

comprising the same.

Another aspect of the invention relates to isolated polynucleotides, including at least one full
length gene, that encode BASB232 polypeptides having a deduced amino acid sequence of
SEQ Group 2 and polynucleotides closely related thereto and variants thereof

In another particularly preferred embodiment of the invention relates to BASB237
polypeptides from B. pertussis or B. parapertussis comprising or consisting of an amino

acid sequence selected from SEQ Group 2 or a variant thereof.

Using the information provided herein, such as a polynucleotide sequence set out in SEQ
Group 1, a polynucleotide of the invention encoding BASB232 polypeptide may be obtained
using standard cloning and screening methods, such as those for cloning and sequencing
chromosomal DNA fragments from bacteria using B, pertussis strain Tohama I 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 Group 1, typically a library of clones of chromosomal DNA. of B pertussis strain
Tohama I 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
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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 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., 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 Group 1 was

discovered in a DNA library derived from B. pertussis or B. parapertussis.

Moreover, each DNA sequence set out in SEQ Group 1 contains an open reading frame
encoding a protein having about the number of amino acid residues set forth in SEQ Group
2 with a deduced molecular weight that can be calculated using amino acid residue

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

The polynucleotides of SEQ Group 1, between the start codon and the stop codon, encode
respectively the polypeptides of SEQ Group 2. The nucleotide number of start codon and

first nucleotide of the stop codon are listed in table 3 for each polynucleotide of SEQ Group
1.

Table 3

The respective SEQ ID NO for each Orf is found in Table 1.
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