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Novel Compounds 

FIELD OF THE INVENTION 

This invention relates to polynucleotides, (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 innunogenic 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 infections. 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 is 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 isolated 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 with B. parapertussis (Mertsola (1985) Eur J Clin 

Microbiol 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 is 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 effective protection from 

the severity of whooping cough.  

Despite vaccination, whooping cough remains an endemic disease (Mooi 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 Bordetellapertussis 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 it 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 bacteria. 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 identification 

of new candidate antigens and particularly effective combinations of antigens will allow 

5 the development of such vaccines.  

SUMMARY OF THE INVENTION 

The present invention relates to immunogenic compositions containing BASB232, in 

particular BASB232 polypeptides or BASB232 polynucleotides, recombinant materials and 

methods for their production. In a further aspect, the invention relates to combination of 

10 polypeptides or nucleotides that interact advantageously in the prevention or treatment of 

microbial, particularly Bordetella, disease. In another aspect, the invention 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 

15 associated with such infections, such as assays for detecting expression or activity of 

BASB232 polynucleotides or polypeptides.  

Thus, the present invention provides an immunogenic composition comprising FHA 

and pertussis toxin and further comprising a polypeptide comprising a) an amino acid 

sequence which has at least 85% identity to the amino acid sequence of SEQ ID NO:34, 

20 over the entire length of SEQ ID NO:34, or b) an immunogenic fragment having at least 

15 contiguous amino acids from SEQ ID NO:34, and a pharmaceutically acceptable 

excipient.  

Thus, the present invention provides an immunogenic composition comprising (i) a BrkA 

protein which is a polypeptide sharing at least 70% identity with SEQ ID NO:34 or comprising 

25 an antigenic fragment of at least 15 contiguous amino acids of SEQ ID NO:34; (ii) FHA; (iii) 

pertussis toxin; and at least or exactly one different Bordetella antigen(s), wherein the 

antigen(s) is/are selected from at least one group(s) of proteins selected from the following: a) 

at least one Bordetella iron acquisition protein selected from the group consisting of a 

polypeptide sharing at least 70% identity with SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 

30 22, 24, 26, or 28, or comprising an antigenic fragment of at least 15 contiguous amino acids 

from SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, or 28; b) at least one Bordetella 

lipoprotein selected from the group consisting of a polypeptide sharing at least 70% identity 
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with SEQ ID NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 

96, or 98, or comprising an antigenic fragment of at least 15 contiguous amino acids from 

SEQ ID NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96, or 

98; c) at least one Bordetella adhesin selected from the group consisting of fimbriae 2 and/or 

5 3, or pertactin; and at least one Bordetella toxin/invasin or antigens involved in toxin/invasin 

secretion selected from the group consisting of adenylate cyclase, dermonecrotic toxin (Dnt), 

Type III ss or lipopolysaccharide.  

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 following descriptions 

10 and from reading the other parts of the present disclosure.  

DESCRIPTION OF FIGURES 

Figure 1- is a graph showing protection against challenge with B. pertussis stain 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 

15 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. pertussis 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 preinmnunised 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 perfonned 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 in 

greater detail below. In particular, the invention relates to polypeptides and 
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polynucleotides of BASB232 of B. pertussis, particularly comprised in inmunogenic 

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) ID ID Description 

nucl. prot.  

Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%) 

OrfI 2211 737 1 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 solanacearun 

(40%) 

Orfi 0 2610 870 19 20 BhuR, outer membrane heme receptor, Bordetella 

pertussis (100%) 
Orfi 1 2280 760 21 22 Probable tonb-dependent receptor, Pseudoinonas 

aeruginosa (34%) 

Orfl2 1887 629 23 24 Probable tonb-dependent receptor, Pseudomonas 

aeruginosa (34%) 
Orfl 3 1731 577 25 26 Ferrisiderophore receptor-like protein, Pseudoinonas 
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sp (57%) 

Orfl4 1434 478 27 28 Probable tonB-dependant receptor Yncd precursor, 
Escherichia coli (56%) 

Orfl 5 2730 910 29 30 Pertactin outer membrane protein, Bordetella pertussis 

(100%) 
Orfl6 2748 915 31 32 Vag8 protein, Bordetella pertussis (96%) 

Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%) 

Orfl 8 1944 647 35 36 Tcf protein, Bordetella pertussis (74%) 

Orfl9 1245 418 37 38 Phg protein, Bordetella pertussis (8 1%) 

Orf2O 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%) 

Orf23 1545 515 45 46 Pertactin-like protein, Bordetella pertussis (47%) 

Orf24 1191 397 47 48 Tef-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 (SphB 1), 
Bordetella pertussis (93%) 

Orf28 2241 747 55 56 Heme/hemopexin utilization protein c precursor, 

Haemzophilus influenzae (48%) 

Orf29 1575 525 57 58 Lipoprotein (piln protein), Escherichia coli (22%) 

Orf30 1509 503 59 60 Immunogenic protein, Deinococcus radiodurans (35%) 

Orf31 1491 497 61 62 Probable outer membrane lipoprotein precursor, 
Pseudomonas aeruginosa (48%) 

Orf32 1491 497 63 64 Probable outer membrane efflux protein precursor, 

Pseudononas aeruginosa (43%) 

Orf33 1380 460 65 66 Oprm, Pseudonionas aeruginosa (45%) 

Orf34 1347 449 67 68 Probable outer membrane channel signal peptide 

protein, Ralstonia solanacearun (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%) 

6
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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%) 

Orf4O 846 282 79 80 Competence lipoprotein com1 precursor, Neisseria 

ineningitidis (45%) 

Orf41 813 271 81 82 Probable lipoprotein precursor (vacj) transmembrane, 

Ralstonia solanacearuin (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 1-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 91 92 Putative outer membrane lipoprotein (Om1A), 
Bordetella pertussis (100%) 

Orf47 546 182 93 94 Hypothetical transmembrane protein smc00354, 
Rhizobium meliloti (36%) 

Orf48 501 167 95 96 Putative outer membrane lipoprotein transmembrane, 

Ralstonia solanacearum (40%) 

Orf49 456 152 97 98 Lipoprotein, Vibrio cholerae (44%) 

Orf 50 5307 1769 99 100 Autotransporter Bordetellaparapertussis (100%) 

BPP0452 

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

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

Orf53 2229 743 105 106 Probable TonB-dependent receptor for iron transport 

Bordetella parapertussis (100%) BPP3376 

Orf54 1155 385 107 108 Outer membrane porn protein precursor Bordetella 

pertussis (100%) 

Orf55 1164 388 109 110 Outer membrane porn protein precursor Bordetella 

I__ Iparapertussis (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, 

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, 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 

ID NO: 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, 75, 77, 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, 86, 

88, 90, 92, 94, 96, 98, 100, 102, 104, 106, 108, 110.  

The BASB232 polynucleotides set out in SEQ ID 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 family.  

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, 8, 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.  

8
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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% identity, 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; 

or 

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

sequence encoding a polypeptide which has at least 85% identity, preferably at least 90% 

identity, more preferably at least 95% identity, even more preferably at least 97-99% or 

exact identity, to 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 

9
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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 is entirely the same as part 

but not all of any amino acid sequence of any polypeptide of the invention. 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-terninal amino 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-forming regions, coil and coil

forming regions, hydrophilic regions, hydrophobic regions, alpha amphipathic regions, beta 

amphipathic regions, flexible regions, surface-forning 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 family, there are two 

domains : the passenger domain that is surface exposed and the beta domain that is 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 in 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 amino acids 

from either or both of the N and C termini.  

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 intennediates for producing the full-length polypeptides of the invention.  

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 imnmunogenic 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 

lipid tail or polynucleotide sequences to increase the immunogenic potential of the final 

molecule is 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 encoding such 

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

Patent Application Nos. W094/29458 and W094/22914.  

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, 
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 is 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 bronchoseptica).  

Polynucleotides 

It is an object of the invention to provide polynucleotides that encode BASB232 
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 Group1 
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 a 
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 biologically, 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 BASB232 
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 LABORATORYMANUAL, 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.  

Name Start codon 1't nucleotide of stop codon 
Orfl 1 2212 
Orf2 1 2476 
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Orf3 12404 

Orf4 12305 
Orf5 12188 
Orf6 12065 
Orf7 1 2230 
Orf8 1 2269 
Orf9 1 2107 

OrflO 1 2611 
Orfl 1 2281 
Orfl2 1 1888 
Orfl3 1 1732 

Orfl4 1435 
Orfl5 12731 
Orfl6 1 2746 
Orfl7 1 3031 
Orfl8 11942 

Orfl9 1 1255 
Orf2O 1 2710 
Orf2l 1 1447 
Orf22 12278 
Orf23 11546 

Orf24 11192 

Orf25 16901 

Orf26 12620 

Orf27 13118.  

Orf28 12242 

Orf29 11576 

Orf30 1510 
Orf31 1492 

Orf32 11492 

Orf33 11381 

Orf34 11348 

Orf35 11288 

Orf36 11144 

Orf37 11096 

Orf38 1 898 
Orf39 1 853 
Orf40 1 847 
Orf41 814 
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Orf42 1 802 

0rf43 1 691 

0rf44 1 679 

0rf45 1559 
0rf46 1553 
0rf47 1 547 
0rf48 1 502 
Orf49 1 457 
Orf5O 1 5308 
Orf51 1 580 
Orf52 1 580 
Orf53 1 2230 
Orf54 1 1156 
Orf55 1 1165 

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, 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 from SEQ Group 1 over the entire length of the 
polunucleotide sequence from SEQ Group 1; or 

(b) a polynucleotide sequence encoding a polypeptide 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 100% exact, to any amino acid sequence selected 
from SEQ Group 2, over the entire length of the amino acid sequence from SEQ Group 
2.  

A polynucleotide encoding a polypeptide of the present invention, including homologs and 
orthologs from species other than B. pertussis, 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 - 65C and an SDS 
concentration from 0.1 - 1%) with a labeled or detectable probe consisting of or comprising 
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any sequence selected from SEQ Group 1 or a fragment thereof; and isolating a full-length 

gene and/or genomic clones containing said polynucleotide sequence.  

The invention provides a polynucleotide sequence identical over its entire length to a coding 

sequence (open reading frame) set out in SEQ Group 1. 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 transcribed 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 marker 

sequence is a hexa-histidine peptide, as provided in the pQE vector (Qiagen, Inc.) and 

described in Gentz et al., Proc. Nati. 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.  

The nucleotide sequences encoding the BASB232 polypeptides of SEQ Group 2 may be 

identical to the corresponding polynucleotide encoding sequences of SEQ Group 1. The 

position of the first and last nucleotides of the encoding sequences of SEQ Goup 1 are 

listed in table 4. Alternatively it may be any sequence, which as a result of the redundancy 

(degeneracy) of the genetic code, also encodes polypeptides of SEQ Group 2.  
Table 4 
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nucleotidic encoded peptidic Start codon Last nucleotide 
sequence sequence of encoding 

sequence 

SEQ ID NO:1 SEQ ID NO:2 1 2211 

SEQ ID NO:3 SEQ ID NO:4 1 2475 

SEQ ID NO:5 SEQ ID NO:6 1 2403 

SEQ ID NO:7 SEQ ID NO:8 1 2304 

SEQ ID NO:9 SEQ ID NO:10 1 2187 

SEQ ID NO:11 SEQ ID NO:12 1 2064 

SEQ ID NO:13 SEQ ID NO:14 1 2229 

SEQ ID NO:15 SEQ ID NO:16 1 2268 

SEQ ID NO:17 SEQ ID NO:18 1 2106 

SEQ ID NO:19 SEQ ID NO:20 1 2610 

SEQ ID NO:21 SEQ ID NO:22 1 2280 

SEQ ID NO:23 SEQ ID NO:24 1 1887 

SEQ ID NO:25 SEQ ID NO:26 1 1731 

SEQ ID NO:27 SEQ ID NO:28 1 1434 

SEQ ID NO:29 SEQ ID NO:30 1 2730 

SEQ ID NO:31 SEQ ID NO:32 1 2745 

SEQ ID NO:33 SEQ ID NO:34 1 3030 

SEQ ID NO:35 SEQ ID NO:36 1 1941 

SEQ ID NO:37 SEQ ID NO:38 1 1254 

SEQ ID NO:39 SEQ ID NO:40 1 2709 

SEQ ID NO:41 SEQ ID NO:42 1 1446 

SEQ ID NO:43 SEQ ID NO:44 1 2277 

SEQ ID NO:45 SEQ ID NO:46 1 1545 

SEQ ID NO:47 SEQ ID NO:48 1 1191 

SEQ ID NO:49 SEQ ID NO:50 1 6900 
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SEQ ID NO:51 SEQ ID NO:52 1 2619 

SEQ ID NO:53 SEQ ID NO:54 1 3117 

SEQ ID NO:55 SEQ ID NO:56 1 2241 

SEQ ID NO:57 SEQ ID NO:58 1 1575 

SEQ ID NO:59 SEQ ID NO:60 1 1509 

SEQ ID NO:61 SEQ ID NO:62 1 1491 

SEQ ID NO:63 SEQ ID NO:64 1 1491 

SEQ ID NO:65 SEQ ID NO:66 1 1380 

SEQ ID NO:67 SEQ ID NO:68 1 1347 

SEQ ID NO:69 SEQ ID NO:70 1 1287 

SEQ ID NO:71 SEQ ID NO:72 1 1143 

SEQ ID NO:73 SEQ ID NO:74 1 1095 

SEQ ID NO:75 SEQ ID NO:76 1 897 

SEQ ID NO:77 SEQ ID NO:78 1 852 

SEQ ID NO:79 SEQ ID NO:80 1 846 

SEQ ID NO:81 SEQ ID NO:82 1 813 

SEQ ID NO:83 SEQ ID NO:84 1 801 

SEQ ID NO:85 SEQ ID NO:86 1 690 

SEQ ID NO:87 SEQ ID NO:88 1 678 

SEQ ID NO:89 SEQ ID NO:90 1 558 

SEQ ID NO:91 SEQ ID NO:92 1 552 

SEQ ID NO:93 SEQ ID NO:94 1 546 

SEQ ID NO:95 SEQ ID NO:96 1 501 

SEQ ID NO:97 SEQ ID NO:98 1 456 

SEQ ID NO: 99 SEQ ID NO: 100 1 5307 

SEQ ID NO: 101 SEQ ID NO:102 1 579 

SEQ ID NO: 103 SEQ ID NO: 104 1 579 

SEQ ID NO: 105 SEQ ID NO: 106 1 2229 
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SEQ ID NO: 107 SEQ ID NO: 108 1 1155 

SEQ ID NO: 109 SEQ ID NO: 110 1 1164 

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 B. pertussis or B 
parapertussis BASB232 having an amino acid sequence set out in any of the sequences of 
SEQ Group 2. The term also encompasses polynucleotides that include a single continuous 
region or discontinuous regions encoding the polypeptide (for example, polynucleotides 
interrupted by integrated phage, an integrated insertion sequence, an integrated vector 
sequence, an integrated transposon sequence, or due to RNA editing or genomic DNA 
reorganization) together with additional regions, that also may contain coding and/or non
coding sequences.  

The invention further relates to variants of the polynucleotides described herein that encode 
variants of a polypeptides having a deduced amino acid sequence of any of the sequences of 
SEQ Group 2. Fragments of polynucleotides of the invention may be used, for example, to 
synthesize full-length polynucleotides of the invention.  

Preferred fragments are those polynucleotides which encode a B-cell or T-helper epitope, for 
example the fragments/peptides described in Example 8, and recombinant, chimeric genes 
comprising said polynucleotide fragments.  

Further particularly preferred embodiments are polynucleotides encoding BASB232 
variants, that have the amino acid sequence of BASB232 polypeptides of any sequence from 
SEQ Group 2 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 preferred 
among these are silent substitutions, additions and deletions, that do not alter the properties 
and activities of BASB232 polypeptides.  
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Further preferred embodiments of the invention are polynucleotides that are at least 85% 
identical over their entire length to polynucleotides encoding BASB232 polypeptides having 
an amino acid sequence set out in any of the sequences of SEQ Group 2, and 
polynucleotides that are complementary to such polynucleotides. Alternatively, most highly 
preferred are polynucleotides that comprise a region that is at least 90% identical over its 
entire length to polynucleotides encoding BASB232 polypeptides and polynucleotides 
complementary thereto. In this regard, polynucleotides at least 95% identical over their 
entire length to the same are particularly preferred. Furthermore, those with at least 97% are 
highly preferred among those with at least 95%, and among these those with at least 98% 
and at least 99% are particularly highly preferred, with at least 99% being the more 
preferred.  

Preferred embodiments are polynucleotides encoding polypeptides that retain substantially 
the same biological function or activity as mature polypeptides encoded by a DNA 
sequences selected from SEQ Group 1.  

In accordance with certain preferred embodiments of this invention there are provided 
polynucleotides that hybridize, particularly under stringent conditions, to BASB232 
polynucleotide sequences, such as those polynucleotides in SEQ Group 1.  

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, 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 in 0.lx SSC at about 65*C.  
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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.  

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 any of the sequences of SEQ Group 1 under stringent 
hybridization conditions with a probe having the sequence of said polynucleotide 

sequence set forth in the corresponding sequences of SEQ Group 1 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.  

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 
BASB232 and to isolate cDNA and genomic clones of other genes that have a high identity, 
particularly high sequence identity, to the BASB232 genes. Such probes generally will 

comprise at least 15 nucleotide residues or base pairs. Preferably, such probes will have at 
least 30 nucleotide residues or base pairs and may have at least 50 nucleotide residues or 

base pairs. Particularly preferred probes will have at least 20 nucleotide residues or base 

pairs and will have less than 30 nucleotide residues or base pairs.  

A coding region of BASB232 genes may be isolated by screening using a DNA sequences 

provided in SEQ Group 1 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.  
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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 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 MarathonTM 

technology (Clontech Laboratories Inc.) for example, have significantly simplified the 

search for longer cDNAs. In the MarathonTM 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.  

The polynucleotides and polypeptides of the invention may be employed, for example, as 

research reagents and materials for discovery of treatments of and diagnostics for diseases, 
particularly human diseases, as further discussed herein relating to polynucleotide assays.  

The polynucleotides of the invention that are oligonucleotides derived from a sequence of 

SEQ Group 1 may be used in the processes herein as described, but preferably for PCR, to 

determine whether or not the polynucleotides identified herein in whole or in part are 

transcribed in bacteria 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.  

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 
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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 transport, 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.  

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.  

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 positions, 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 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.  
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In accordance with an aspect of the invention, there is provided the use of a 

polynucleotide of the invention for therapeutic or prophylactic purposes, in particular 
genetic immunization.  

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., JBiol 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, 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 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.  
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For recombinant production of the polypeptides of the invention, host cells can be 
genetically engineered to incorporate expression systems or portions thereof or 
polynucleotides of the invention. Introduction of a polynucleotide into the host cell can be 
effected by methods described in many standard laboratory manuals, such as Davis, et al., 
BASIC ME THODS IN MOLECUL AR BIOLOGY, (1986) and Sambrook, et al., 
MOLECULAR CLONING: A LABORATORYMANUAL, 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, conjugation, transduction, scrape loading, 
ballistic introduction and infection.  

Representative examples of appropriate hosts include bacterial cells, such as cells of 
streptococci, staphylococci, enterococci, E. coli, streptomyces, cyanobacteria, Bacillus 
subtilis, Neisseria ineningitidis, Haemophilus influenzae and Moraxella catarrhalis; fungal 
cells, such as cells of a yeast, Kluveromyces, Saccharomyces, Pichia, 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 
expression system constructs may contain control regions that regulate as well as engender 
expression. Generally, any system or vector suitable to maintain, propagate or express 
polynucleotides and/or to express a polypeptide in a host may be used for expression in this 
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regard. The appropriate DNA sequence may be inserted into the expression system by any 
of a variety of well-known and routine techniques, such as, for example, those set forth in 
Sambrook et aL, MOLECULAR CLONING, A LABORATORY MANUAL, (supra).  

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.  

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 chromatography, 
hydroxylapatite chromatography and lectin chromatography. Most preferably, ion metal 
affinity 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 lead to in 
vivo expression of the antigen and induction of immune responses. Viruses and bacteria 
used for this purpose are for instance: poxviruses (e.g; vaccinia, fowlpox, canarypox), 
alphaviruses (Sindbis virus, Semliki Forest Virus, Venezuelian Equine Encephalitis 
Virus), adenoviruses, adeno-associated virus, picornaviruses (poliovirus, rhinovirus), 
herpesviruses (varicella zoster virus, etc), Listeria, Salmonella , Shigella, BCG, 
streptococci. These viruses and bacteria can be virulent, or attenuated in various ways 
in order to obtain live vaccines. Such live vaccines also form part of the invention.  
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Combinations of Bordetella antiens in immunogenic compositions 

A further aspect of the invention discloses particular combinations of Bordetella antigens 
which when combined, lead to an effective immunogenic composition against Bordetella 
infection. The efficacy of the immunogenic composition is determined as by its ability to 
elicit a protective response against B. pertussis primarily, but it is preferred that they also 
elicit a protective effect against the related bacteria B. parapertussis and/or B.  
bronchiseptica.  

Preferred combinations of Bordetella antigens, when combined in an immunogenic 
composition or vaccine, allow different Bordetella functions to be targetted by the 
immune response. Such an immune response is better able to treat or prevent l3ordetella 
infection. For instance, known virulence factors include adhesins like FHA, fimbrae, 
pertactin which are involved in attachment of Bordetella to host cells; toxins such as 
pertussis toxin, adenylate cyclase have a role in disabling the host immune system; 
BrkA acts as a serum resistance factor and TcfA has a role in tracheal colonization.  

In particular, combinations of certain antigens from different classes, some of which are 
involved in adhesion to host cells, some of which are involved in iron acquisition, some 
of which are antotransporters and some of which are toxins, can elicit an innune 
response which protects against multiple functions of Bordetella required to sustain 
infection. Such combinations of antigens can surprisingly lead to improved vaccine 
efficacy against Bordetella infection where more that one function of the bacterium is 
targeted by the immune response. Preferably, the improved vaccine efficacy is against B.  
pertussis and/or B. parapertussis.  

Accordingly, the invention provides immunogenic compositions comprising at least or 
exactly two, three, preferably four, five, six, seven, eight, nine or ten different 
Bordetella, preferably B. pertussis antigens , wherein the antigens are selected from at 
least two, three, four or five of the following categories: 
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a) at least one Bordetella autotransporter protein selected from the group consisting of 

a polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity with SEQ ID 34, 30, 32, 36, 38, 40, 42, 44, 46, 48, 50, 52, 54 or 100, 
pertactin and BipA, or an antigenic or immunogenic fragment thereof, preferably a 
passenger domain thereof; 

b) at least one Bordetella iron acquisition protein selected from the group consisting of 
the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity with SEQ ID 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, 28 or 106, or an 

antigenic or immunogenic fragment thereof; 

c) at least one Bordetella lipoprotein selected from the group consisting of the 

polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% or 100% 
identity with SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 
88, 90, 92, 94, 96, or 98 or an antigenic or immunogenic fragment thereof; 

d) at least one Bordetella adhesin selected from the group consisting of FHA, fimbriae, 
pertactin and BrkA or an antigenic or immunogenic fragment thereof; and 

e) at least one Bordetella toxin/invasin or antigens involved in toxin/invasin secretion 

selected from the group consisting of pertussis toxin, adenylate cyclase, 
dermonecrotic toxin (Dnt), Type III ss or lipopolysaccharide or an antigenic or 

immunogenic fragment thereof, 

wherein the Bordetella antigens in the immunogenic composition do not consist of any 

combination of 2, 3, 4 or all 5 of pertactin, finbriae 2, fimbrae 3, FHA and pertussis 

toxin.  

The combinations of the invention do not include whole cell pertussis (Pw).  

Immunogenic compositions of the invention therefore do not cover known vaccine 

combinations (for instance vaccines where the acellular pertussis component consist of 

2, 3, 4 or 5 of FHA, pertussis toxoid, pertactin, fimbrae 2 and fimbrae 3) however a 
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single known antigen from one group, combined with a new antigen from a different 

group is covered.  

The Bordetella antigens may derived from any strain of Bordetella including from one 

or more of B. pertussis, B. parapertussis and B. bronchiseptica (preferably the former).  

Preferably all five groups of antigen are represented in the inununogenic composition of 

the invention. Where an antigen falls into two groups, the inclusion of that one antigen 

into an inununogenic composition leads to the inclusion of both groups in the 

immunogenic composition.  

Where a protein is specifically mentioned herein, it is preferably a reference to a native, 

full-length protein but it may also encompass antigenic, preferably immunogenic 

fragments thereof (particularly in the context of subunit vaccines). These are fragments 

containing or comprising at least 10 amino acids, preferably at least 20 amino acids, 
more preferably at least 30 amino acids, more preferably at least 40 amino acids or most 

preferably at least 50 amino acids, taken contiguously from the amino acid sequence of 

the protein wherein the fragment is shorter than the full length of the protein.  

Paticularly preferred fragments are the passenger domains of autotransporter proteins as 

defined above. In addition, antigenic fragments denotes fragments that are 

immunologically reactive with antibodies generated against the B. pertussis proteins or 

with antibodies generated by infection of a mannalian host with Bordetella. Antigenic 

fragments also includes fragments that when administered at an effective dose, elicit a 

protective immune response against Bordetella infection, more preferably it is protective 

against B. pertussis and/or B. parapertussis and/or B. bronchiseptica infection.  

Preferably such fragments are coupled to a source of T - cell epitopes.  

Also included in the invention are recombinant fusion proteins of Bordetella proteins of 

the invention, or fragments thereof. These may combine different Bordetella proteins or 

fragments thereof in the same polypeptide. Alternatively, the invention also includes 
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individual fusion proteins of Bordetella proteins or fragments thereof, as a fusion 

protein with heterologous sequences such as a provider of T-cell epitopes or purification 

tags, for example: p-galactosidase, glutathione-S-transferase, green fluorescent proteins 

(GFP), epitope tags such as FLAG, mye tag, poly histidine, or viral surface proteins 

such as influenza virus haemagglutinin, tetanus toxoid, diphtheria toxoid, CRM197.  

Antigens of the invention 

1. Autotransporter proteins 
Autotransporter proteins typically are made up of a signal sequence, a passenger domain 

and an anchoring domain for attachment to the outer membrane. Examples of 

autotransporter proteins include pertactin (SEQ ID 30), Vag8 (SEQ ID 32), BrkA (SEQ 
ID 34), TcfA (SEQ ID 36) (Finn and Stevens (1995) Mol. Microbiol. 16; 625-634), Phg 

(SEQ ID 38), BipA (Stockbauer et al 2001; Molecular Microbiology 39; 65-78), BapA 

(SEQ ID 40), BapB (SEQ ID 42), BapC (SEQ ID 44), pertactin-like protein (SEQ ID 

46), Tcf-like protein (SEQ ID 48), extracellular serine protease (SEQ ID 50, SEQ ID 

100), YapE (SEQ ID 52), SphB1 (SEQ ID 54). These antigens maybe derived from 

Bordetella pertussis or Bordetella parapertussis or other Bordetella strains.  

It is particularly advantageous to use the passenger domain of an autotranporter when it 

is included in a subunit vaccine. Table 2 above defines the passsenger domains of the 

autotransporter proteins listed above.  

BipA contains 90 amino acid tandem repeats with 5 being present in the B. pertussis 

protein and 8 being present in the B. bronchiseptica protein. These repeats span from 

amino acid 581 to 1030 in B. pertussis and amino acids 581 to 1300 in B.  

bronchiseptica. Preferred fragments of BipA include amino acids 1031 to 1308, amino 

acids 941 to 1308, amino acids 851 to 1308, amino acids 761 to 1308, amino acids 671 
to 1308 and 581 to 1308 of the B. pertussis sequence (or sequences related to these that 

have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or 50 amino acids added or deleted from 

either or both of the N and C termini).  
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2. Iron acquisition proteins 

Iron acquisition is of great importance to mammalian pathogens as iron is present in 

limiting conditions in the host and any iron that is present is sequestered by haem and 

other iron-chelating compounds. Iron from siderophores and host iron-binding 

complexes is internalised through TonB-dependent outer membrane ferric complex 

receptors. Bordetella iron aquisition proteins include BfeA (SEQ ID 2), BfrB (SEQ 
ID 4), BfrC (SEQ ID 6), FauA (SEQ ID 8), ferric siderophore receptor (SEQ ID 10), 
Ferric alcaligin siderophore receptor (SEQ ID 12), iron tranport protein flu (SEQ ID 14, 
SEQ ID 106), iron tranport protein flu (SEQ ID 16), putative hydrxamate-type 

ferrisiderophore receptor signal peptide protein (SEQ ID 18) BhuR (SEQ ID 20) 

(Infection and Immunity 2001, 69; 6951), tonb-dependent receptor (SEQ ID 22), tonb

dependent receptor (SEQ ID 24), ferrisiderophore receptor-like protein (SEQ ID 26) and 

tonb-dependent receptor Yncd precurser (SEQ ID 28). These proteins may be derived 

from Bordetella pertussiss, Bordetella parapertussis or other Bordetella strains, 
preferably the former.  

3. Lipoproteins 

Bordetella lipoproteins include heme/hemopexin utilisation protein C presursor (SEQ 

ID 56), piln protein (SEQ ID 58), immunogenic protein (SEQ ID 60), outer membrane 

lipoprotein precursor (SEQ ID 62), outer membrane efflux protein precursor (SEQ ID 

64), Oprm (SEQ ID 66), outer membrane channel signal protein (SEQ ID 68), MItA 

(SEQ ID 70), MltB (SEQ ID 72), yccz precursor (SEQ ID 74), serine protease 

transmembrane protein (SEQ ID 76), pa4632 (SEQ ID 78), com precursor (SEQ ID 

80), VacJ (SEQ ID 82), outer membrane lipoportein (SEQ ID 84), Flagelar 1-ring 

protein (SEQ ID 86), Ydcl (SEQ ID 88), Pal (SEQ ID 90), OmlA (SEQ ID 92), 
Smc00354 (SEQ ID 94), Pcp (SEQ ID 96) and lipoprotein (SEQ ID 98).  
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The lipoproteins having the sequence of SEQ ID 56-96 contain a lipidation motif 

indicating that they would be lipidated and inserted into the membrane. In its simplest 

form, the lipidation motif contains the concensus sequence LXXC. However, the 

concensus sequence is preferably close to the amino terminus of the sequence, within 

the larger concensus sequence:

<(M, V, L)~*{f1, 40}~(D, E, R, K,*)6(L, I, V, M, F, W, S, T, A, G)2(L, I, V, M, F, Y, S, 
T, A, G, C, Q) (A, G, S) C 

< indicates the amino terminus of the protein so that the first amino acid should be M, V 

or L. {1, 40} indicates that between 1 and 40 amino acids should be present between the 

first amino acid and the rest of the concensus sequence. (D, E, R, K, *)6 indicates that 

the next 6 amino acids should not be D, E, R or K. The following 2 amino acids should 

be one of the aliphatic amino acids indicated and is preferably L. For the following 2 

amino acids, the amino acids shown in the parentheses should be present and the final 

amino acid of the sequence shold be C. These antigens may be derived from Bordetella 

pertussis or Bordetella parapertussis, Bordetella bronchoseptica or other Bordetella 

strains, preferably the former.  

4. Adhesins 

Adhesins have a role in attaching Bordetella to a host cell and hence have important 

roles in virulence. They include filamentous haemagglutinin (FHA) (Relman et al 

(1989) Proc Natl Acad Sci USA 86; 2634-2641), fimbriae (Fim) (Mooi et al (1992) 

Microb Pathog 12; 127-135), pertactin (Roberts et al (1991) Mol Microbiol 5; 1393

1404) and BrkA ( Fernandez et al (1994) Infection and Immunity 62; 4727-4738).  

These antigens may be derived from Bordetella pertussis or Bordetella parapertussis, 

Bordetella bronchoseptica or other Bordetella strains, preferably the former.  

Fimbriae or Fim proteins are also known as aggutinins or fimbrial adhesins. The term 

Fim comprises finbriae 2 and fimbriae 3.  
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5. Toxins 

Toxins include adenylate cyclase (CyaA) (Hewlett et al (1989) J. Biol.Chem. 264; 
19379-19384), pertussis toxin (Munoz et al (1981) Infect Inmun 33; 820-826), dermo

necrotic toxin (Dnt) (Livey (1984) J. Med. Microbiol. 17; 91-103 and 

lipopolysaccharides. Toxins also include proteins that are involved in the secretion of 

toxins since an immune response against the secretory mechanism would prevent the 
efficient functioning of the secretory mechanism and lead to reduced toxin secretion. An 
example of such an antigen is the Type III secretion system (Yuk et al (2000) Mol.  

Microbiol. 35; 991-1004). These antigens may be derived from Bordetella pertussis or 

Bordetella parapertussis, Bordetella bronchoseptica or other Bordetella strains, 
preferably the former.  

Preferred fragments of adenylate cyclase comprise amino acids 385-399 or sequences 

related to this that have 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 20, 30, 40 or 50 amino acids added to 
either or both of the N and C termini. Preferred fragments are disclosed in EP424518, 
EP787796 or WO 90/13312.  

Where toxin is described herein, non-toxic derivatives such as toxoids or mutant toxins 

are also envisaged to be covered by the term.  

Preferred combinations 

In any of the preferred combinations listed below, the term antigen comprises 

immunogenic fragments of that antigen.  

In a preferred embodiment of the combination of antigens of the invention, the 

immunogenic composition comprises at least one Bordetella iron acquisition protein 

selected from the group consisting of the polypeptide sharing at least 70%, 80%, 90%, 
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95%, 97%, 98%, 99% or 100% amino acid identity with SEQ ID 2, 4, 6, 8, 10, 12, 14, 

16, 18, 20, 22, 24, 26, 28, 106 or an antigenic or immunogenic fragment thereof.  

In a particularly preferred embodiment of the invention, the immunogenic composition 

comprises one, two or three of FHA, pertussis toxin and pertactin, (preferably FHA and 

PT; FHA and pertactin; PT and pertactin; or FHA, pertussis toxin and pertactin) and 

further comprises at least one Bordetella iron acquisition protein selected from the 

group consisting of the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 

99% or 100% amino acid identity with SEQ ID 2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 
26, 28,106 or an antigenic or immunogenic fragment thereof.  

In a further preferred embodiment of the invention, the immunogenic composition 

comprises at least one Bordetella autotransporter protein selected from the group 

consisting of BipA, the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 

99% or 100% amino acid identity with SEQ ID 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52, 
54,100, or an antigenic or immunogenic fragment thereof, preferably the passenger 

domain thereof.  

In a particularly preferred embodiment of the invention, the immunogenic composition 

comprises one, two or three of FHA, pertussis toxin and pertactin, (preferably FHA and 

PT; FHA and pertactin; PT and pertactin; or FHA, pertussis toxin and pertactin), and 

further comprises at least one Bordetella autotransporter protein selected from the 

group consisting of BipA, the polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 

98%, 99% or 100% amino acid identity with SEQ ID 32, 34, 36, 38, 42, 46, 48, 50, 52, 
54, 100, or an antigenic or immunogenic fragment thereof, preferably the passenger 

domain thereof.  

In a further preferred embodiment of the invention, the immunogenic composition will 

comprise at least one Bordetella lipoprotein selected from the group consisting of the 

polypeptide sharing at least 70%, 80%, 90%, 95%, 97%, 98%, 99% amino acid identity 
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with SEQ ID 56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 
96, 98 or an antigenic or immunogenic fragment thereof.  

In a particularly preferred embodiment of the invention, the immunogenic composition 
comprises one, two or three of FHA, pertussis toxin and pertactin, (preferably FHA and 
PT; FHA and pertactin; PT and pertactin; or FHA, pertussis toxin and pertactin) at least 
one Bordetella lipoprotein selected from the group consisting of the polypeptide sharing 
at least 70%, 80%, 90%, 95%, 97%, 98%, 99% amino acid identity with SEQ ID 56, 58, 
60, 62, 64, 66, 68, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 94, 96, 98 or an antigenic or 
immunogenic fragment thereof.  

In a further preferred embodiment of the invention, the immunogenic composition 
comprises BrkA or an antigenic or immunogenic fragment thereof.  

In a further preferred embodiment of the invention, the immunogenic composition 
comprises at least one Bordetella toxin or antigens involved in toxin secretion selected 
from the group consisting of adenylate cyclase, dermonecrotic toxin (Dnt), Type III ss or 
lipopolysaccharide or an antigenic or immunogenic fragment thereof.  

The combination of FHA, pertussis toxin and pertactin is known to elicit a protective 
immune reponse and particularly preferred combinations of the invention will contain 
one, two or three of these constituents, optionally further comprising fun 2, fim 3 or fim 
2 and fim 3.  

A preferred immunogenic composition of the invention contains TcfA and at least 1, 2, 
3, 4, antigens selected from the list consisting of pertussis toxin, adenylate cyclase, LPS, 
BipA, Type I ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and 
Pep. Preferred combinations comprise TcfA and pertussis toxin, (optionally with 1, 2, 3, 
4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pcp); 
TcfA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
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pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pep); TcfA and LPS (optionally with 1, 
2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MitA, MtB, VacJ, OmIA and 

Pep); TcfA and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, Type IIfss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA 

and Pcp); TcfA and Type IIss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, 
BhuR, FHA, Fim, pertactin, BrkA, MitA, MltB, VacJ, OmIA andPcp); TcfA and BhuR 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type 

Ilss, FHA, Fim, pertactin, BrkA, MItA, MltB, VacJ, OmIA, PCP); TcfA and FHA 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, 
pertactin, BhuR, Type Hiss, MltA, MltB, VacJ, OmlA, Pcp); TcfA and a lipoprotein 

selected from MltA, MltB, VacJ, OmlA and Pcp (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IlIss, Fim, pertactin, BrkA 

and FHA).  

A further preferred immunogenic composition of the invention contains BipA and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, Type III ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA 

and Pcp. Preferred combinations comprise BipA and pertussis toxin, (optionally with 1, 
2, 3, 4 or 5 of BhuR, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, OmIA and Pcp), 

BipA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BhuR, FHA, pertactin, 
Fim, BrkA, MltA, MltB, VacJ, OmlA and Pcp); BipA and LPS (optionally with 1, 2, 3, 
4 or 5 of BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pcp); BipA 

and Type HIss (optionally with 1, 2, 3, 4 or 5 of BhuR, FHA, Fim, pertactin, BrkA, 
pertussis toxin, MltA, MltB, VacJ, OmiA and Pep); BipA and BhuR (optionally with 1, 
2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, Type Ilss, FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, OmlA and PCP); BipA and FHA (optionally with 1, 2, 3, 4 or 

5 of pertussis toxin, adenylate cyclase, LPS, pertactin, BhuR, Type IlIss, MLtA, MltB, 
VacJ, OmlA and PCP); BipA and a lipoprotein selected from MltA, MltB, VacJ, OmIA 

and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, 
BhuR, Type HIss, Fim, pertactin, BrkA and FHA).  
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A further preferred immunogenic composition of the invention contains BapA and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 
cyclase, LPS, BipA, Type III ss, BhuR, FHA, Fim, pertactin, BrkA, MitA, MltB, VacJ, 
OmIA and Pcp. Preferred combinations comprise BapA and pertussis toxin, (optionally 

with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MitA, MltB, VacJ, 
OmIA and Pcp); BapA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MltA, MltB, VacJ, OmlA and Pcp); 
BapA and LPS (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 
BrkA, MitA, MltB, VacJ, OmlA and Pcp); BapA and BipA (optionally with 1, 2, 3, 4 
or 5 of pertussis toxin, adenylate cyclase, LPS, Type IIIss, BhuR, FHA, Fim, pertactin, 
BrkA, MItA, MltB, VacJ, OmlA and Pcp); BapA and Type IIlss (optionally with 1, 2, 
3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, OmlA and Pcp); BapA and BhuR (optionally with 1, 2, 3, 4 
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIlss, FHA, Fim, pertactin, 
BrkA, MltA, MltB, VacJ, OmlA and Pcp); BapA and FHA (optionally with 1, 2, 3, 4 or 
5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Fim, pertactin, BrkA, Type 
HIss, MtA, MltB, VacJ, OmlA and Pep); BapA and a lipoprotein selected from MltA, 
MltB, VacJ, OmlA and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Fim, pertactin, BrkA, BhuR, Type IIIss and FHA), provided that 
the combination is not BapA and PT and FHA.  

A further preferred immunogenic composition of the invention contains BapB and at 
least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type III ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, 
OmlA and Pcp. Preferred combinations comprise BapB and pertussis toxin, (optionally 
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, 
OmIA and Pcp); BapB and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmIA and Pep); BapB and LPS 
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, 
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MltB, VacJ, Om1A and Pep); BapB and BipA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, Type IIIss, BhuR, FHA, Fim, pertactin, BrkA, 
MItA, MltB, VacJ, OmlA and Pcp); BapB and Type IHss (optionally with 1, 2, 3, 4 or 5 
of pertussis toxin, BipA, BhuR, FHA, Fim, pertactin, BrkA, MitA, MltB, VacJ, OmIA 

and Pep); BapB and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type IfIss, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmIA 

and Pcp); BapB and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Fim, pertactin, BrkA, BhuR, Type IfIss, MitA, MltB, VacJ, OmlA 

and Pep); BapB and a lipoprotein selected from MitA, MltB, VacJ, OmIA and Pep 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, 
Type Ilss, Fim, pertactin, BrkA and FHA).  

A further preferred immunogenic composition of the invention contains BapC and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type III ss, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, 
OmlA and PCP. Preferred combinations comprise BapC and pertussis toxin, (optionally 

with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MitA, MltB, VacJ, 
OmlA and Pep); BapC and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pep); BapC and LPS 

(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, 
MltB, VacJ, OmlA and Pcp); BapC and BipA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, Type Ilss, BhuR, FHA, Fim, pertactin, BrkA, 
MltA, MltB, VacJ, OmlA and Pep); BapC and Type HIss (optionally with 1, 2, 3, 4 or 5 

of pertussis toxin, BipA, BhuR, FRA, Fim, pertactin, BrkA, MltA, MltB, VacJ, Om1A 

and Pep); BapC and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin, BrkA, MItA, MltB, VacJ, OmlA 

and Pep); BapC and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, BhuR, Type IIlss, pertactin, MltA, MLtB, VacJ, OmlA and Pep); 

BapC and a lipoprotein selected from MItA, MltB, VacJ, OmlA and PCP (optionally 

with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IHss, 
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Fim, pertactin, BrkA and FHA), provided that the combination is not BapC and PT and 

FHA.  

A further preferred immunogenic composition of the invention contains pertactin and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type III ss, BhuR, FHA, Fim, BrkA, MItA, MltB, VacJ, OmlA and 

PCP. Preferred combinations comprise pertactin and pertussis toxin, (optionally with 1, 

2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, MltA, MltB, VacJ, OmlA and Pcp); 

pertactin and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 

Fim, BrkA, MltA, M1tB, VacJ, Om1A and Pcp), pertactin and LPS (optionally with 1, 2, 

3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, MltA, MltB, VacJ, OmlA and Pep); 

pertactin and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 

LPS, Type Illss, BhuR, FHA, Fim, BrkA, MltA, MltB, VacJ, Om1A and Pcp); pertactin 

and Type HIss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, FHA, 

Fim, BrkA, MitA, MltB, VacJ, OmlA and Pop); pertactin and BhuR (optionally with 1, 

2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIlss, FHA, Fim, 

BrkA, MItA, M1tB, VacJ, OmlA and Pep); pertactin and FHA ( optionally with 1, 2, 3, 

4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IlIss, MltA, MltB, 

VacJ, OmlA and Pcp), pertactin and a lipoprotein selected from MltA, MltB, VacJ, 

OmlA and PCP (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 

LPS, BipA, BhuR, Type IIIss, Fim, BrkA and FHA).  

A further preferred immunogenic composition of the invention contains pertactin-like 

protein and at least 1, 2, 3, 4, antigens selected from the list consisting of pertussis 

toxin, adenylate cyclase, LPS, BipA, Type III ss, BhuR, FHA, pertactin, Fim, BrkA, 

MltA, M1tB, VacJ, OmlA and Pop. Preferred combinations comprise pertactin-like 

protein and pertussis toxin, (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 

pertactin, Fim, BrkA, MltA, MltB, VacJ, Om1A and Pep); pertactin-like protein and 

adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, 

BrkA, MltA, MltB. VacJ, OmlA and Pcp); pertactin-like protein and LPS (optionally 
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with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, BrkA, MitA, MltB, VacJ, 
OmlA and PCP); pertactin-like protein and BipA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, Type IfIss, BhuR, FHA, pertactin, Fim, BrkA, 
MitA, MltB, VacJ, OmIA and Pcp); pertactin-like protein and Type Illss (optionally 

with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, FRA, pertactin, Fim, BrkA, MltA, 
MltB, VacJ, OmlA and Pep); pertactin-like protein and BhuR (optionally with 1, 2, 3, 4 

or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type HIss, FHA, pertactin, Fim, 

BrkA, MitA, MltB, VacJ, OmlA, Pep); pertactin-like protein and FHA (optionally with 

1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, pertactin, Fim, 
BrkA, Type HIss, MltA, MltB, VacJ, OmIA, Pep); pertactin-like protein and a 

lipoprotein selected from MltA, MltB, VacJ, OmlA and Pep (optionally with 1, 2, 3, 4 

or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Ilss, pertactin, Fim, 
BrkA and FHA).  

A further preferred immunogenic composition of the invention contains YapE and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type II ss, BhuR, FHA, pertactin, Fim, BrkA, MItA, MItB, VacJ, 
OmIA, Pcp. Preferred combinations comprise YapE and pertussis toxin, (optionally 

with 1, 2, 3, 4 or 5 of BipA, BhuR, FRA, pertactin, Fim, BrkA, MitA, MltB, VacJ, 

OmlA, Pep); YapE and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, OmlA, Pep); YapE and LPS 

(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, BrkA, MltA, 
MltB, VacJ, OmlA, Pep); YapE and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis 

toxin, adenylate cyclase, LPS, Type hIss, BhuR, FHA, pertactin, Fim, BrkA, MLtA, 

MltB, VacJ, OmIA, Pep); YapE and Type Ilss (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, BipA, BhuR, FHA, pertactin, Fim, BrkA, MLtA, MltB, VacJ, OmlA, 
Pep); YapE and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type IHss, FHA, pertactin, Fim, BrkA, MltA, MltB, VacJ, OmIA, 
Pep); YapE and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate 

cyclase, LPS, BipA, BhuR, Type IfIss, pertactin, MltA, MltB, VacJ, OmIA, Pep); YapE 

43



WO 2005/032584 PCT/EP2004/011082 

and a lipoprotein selected from MitA, MltB, VacJ, OmIA, Pep (optionally with 1, 2, 3, 

4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IIss, pertactin, 

Fim, BrkA and FHA).  

A further preferred immunogenic composition of the invention contains BrkA and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type III ss, BhuR, FHA, pertactin, Fim, MltA, MltB, VacJ, OmlA, 

Pcp. Preferred combinations comprise BrkA and pertussis toxin, (optionally with 1, 2, 3, 

4 or 5 of BipA, BhuR, FHA, pertactin, Fim, MltA, MltB, VacJ, OmlA, Pep); BrkA and 

adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, 

MltA, MltB, VacJ, OmlA, Pcp); BrkA and LPS (optionally with 1, 2, 3, 4 or 5 of BipA, 

BhuR, FHA, pertactin, Fim, MitA, MLtB, VacJ, OmlA and Pcp); BrkA and BipA 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, Type IIlss, 

BhuR, FIA, pertactin, Fim, MltA, MltB, VacJ, OmlA, Pep), BrkA and Type IIlss 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, FHA, pertactin, Fim, 

MltA, MltB, VacJ, OmlA, Pep); BrkA and BhuR (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type HIss, FHA, pertactin, Fim, MltA, 

MItB, VacJ, OmIA, Pcp); BrkA and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis 

toxin, adenylate cyclase, LPS, BipA, BhuR, Type IIlss, pertactin, MltA, MltB, VacJ, 

OmIA, Pcp); BrkA and a lipoprotein selectd from MltA, MltB, VacJ, OmIA and Pep 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, 

Type HIss, pertactin, Fim and FHA).  

A further preferred immunogenic composition of the invention contains FHA and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, BipA, Type III ss, BhuR, BrkA pertactin, Fim, MltA, MltB, VacJ, OmIlA 

and Pcp. Preferred combinations comprise FHA and pertussis toxin, (optionally with 1, 

2, 3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim, MltA, MltB, VacJ, OmIA and Pep); 

FHA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, BrkA, 

pertactin, Fim, MitA, MltB, VacJ, OmIA and Pcp); FHA and LPS (optionally with 1, 
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2, 3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim, MLtA, MltB, VacJ, OmlA and Pcp); 

FHA and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, 

LPS, Type IIIss, BhuR, BrkA, pertactin, Fim, MltA, MltB, VacJ, OmlA and Pcp); FHA 

and Type IIIss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, BrkA, 

pertactin, Fim, MitA, MtB, VacJ, OmlA and Pep); FHA and BhuR (optionally with 1, 

2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIIss, BrkA, 

pertactin, Fim, MitA, MltB, VacJ, OmlA and Pcp); FHA and a lipoprotein selected 

from MltA, MltB, VacJ, Om1A and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis 

toxin, adenylate cyclase, LPS, BipA, BhuR, Type IfIss, pertactin, Fim and BrkA).  

A further preferred immunogenic composition of the invention contains BhuR and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, 

BipA, Type III ss, FHA, Fim, MltA, MltB, VacJ, OmIA and Pcp. Preferred 

combinations comprise BhuR and pertussis toxin (optionally with 1, 2, 3, 4 or 5 of 

TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, 

Fim, M1tA, MltB, VacJ, OmlA and Pcp); BhuR and adenylate cyclase (optionally with 

1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, 

BrkA, BipA, pertussis toxin, FHA, Fim, BrkA, MltA, MltB, VacJ, OmIA and Pcp); 

BhuR and LPS (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, 

pertactin-like protein, YapE, BrkA, BipA, pertussis toxin, FHA, Fim, BrkA, MltA, 

MltB, VacJ, OmlA and Pcp); BhuR and TcfA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type IIlss, FHA, Fim, pertactin, BrkA, 

MItA, MltB, VacJ, OmlA and Pcp); BhuR and BapA (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type IIss, FHA, Fim, pertactin, BrkA, 

MltA, MltB, VacJ, OmIA and Pcp); BhuR and BapB (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type IfIss, FHA, Fim, pertactin, BrkA, 

MltA, MltB, VacJ, OmlA and Pcp); BhuR and BapC (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type HIss, FHA, Fim, pertactin, BrkA, 

MltA, MltB, VacJ, OmlA and Pcp); BhuR and pertactin (optionally with 1, 2, 3, 4 or 5 
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of pertussis toxin, adenylate cyclase, LPS, BipA, Type HIss, FHA, Fim, pertactin, BrkA 

, MtA, MltB, VacJ, OmlA and Pep); BhuR and pertactin-like protein (optionally with 

1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIIss, FHA, Fim, 
pertactin, BrkA, MltA, MltB, VacJ, OmIA and Pep); BhuR and YapE (optionally with 

1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IfIss, FHA, Fim, 
pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pcp); BhuR and BrkA (optionally with 

1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIIss, FHA, Fim, 
pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pcp); BhuR and a lipoprotein selected 

from MitA, MltB, VacJ, OmIA and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis 

toxin, adenylate cyclase, LPS, TcfA, BapA, BapB, BapC, pertacin, pertactin-like 

protein, YapE, BrkA, BipA, Type HIss, Fim and FHA).  

A further preferred immunogenic composition of the invention contains MltA and at 

least 1, 2, 3, 4, antigens selected from the list consisting of pertussis toxin, adenylate 

cyclase, LPS, TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, 
BipA, Type III ss, BhuR, Fim and FHA. Preferred combinations comprise MltA, and 

pertussis toxin (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, 
pertactin-like protein, YapE, BrkA, BipA, FHA, Fim and BhuR); MltA and adenylate 

cyclase (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, 

pertactin-like protein, YapE, BrkA, BipA, pertussis toxin, FHA, Fim and BhuR); MltA 

and LPS (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, 

pertactin-like protein, YapE, BrkA, BipA, pertussis toxin, FHA, Fim and BhuR); MltA 

and TcfA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, 

BipA, Type IIlss, FHA, Fim, pertactin, BrkA and BhuR); MltA and BapA (optionally 

with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIlss, FHA, 
Fim, pertactin, BrkA and BhuR); MltA and BapB (optionally with 1, 2, 3, 4 or 5 of 

pertussis toxin, adenylate cyclase, LPS, BipA, Type HIss, FHA, Fim, pertactin, BrkA 

and BhuR); MltA and BapC (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, 

adenylate cyclase, LPS, BipA, Type HIss, FHA, Fim, pertactin, BrkA and BhuR); MtA 

and pertactin (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, 
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BipA, Type IIIss, FHA, Fim, BrkA and BhuR); MtA and pertactin-like protein 

(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type 

IIss, FHA, Fim, pertactin, BrkA and BhuR); MItA and YapE (optionally with 1, 2, 3, 4 

or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IIss, FHA, Fim, pertactin, 
BrkA and BhuR); MitA and BrkA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, 
adenylate cyclase, LPS, BipA, Type IIlss, FHA, Fim, pertactin and BhuR); MitA and 

BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, TcfA, 
BapA, BapB, BapC, pertacin, pertactin-like protein, YapE, BrkA, BipA, Type IfIss, Fim 

and FHA), provided that the combination is not MItA and PT and FHA.  

A further preferred immunogenic composition of the invention contains pertussis toxin 

and at least 1, 2, 3, 4, antigens selected from the list consisting of TcfA, BapA, BapB, 
BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, BhuR, FHA , MItA, MltB, 
VacJ, OmlA and Pcp. Preferred combinations comprise pertussis toxin and TcfA 

(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MitA, 
MltB, VacJ, OmlA and Pep); pertussis toxin and BapA (optionally with 1, 2, 3, 4 or 5 of 

BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and Pcp); pertussis 

toxin and BapB (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 
BrkA, MitA, MltB, VacJ, OmlA and Pcp); pertussis toxin and BapC (optionally with 

1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmIA 

and Pep); pertussis toxin and pertactin (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, 

FHA, Fim, BrkA, MltA, MltB, VacJ, OmIA and Pep); pertussis toxin and pertactin

like protein (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA 

, MltA, MltB, VacJ, OmlA and Pcp); pertussis toxin and YapE (optionally with 1, 2, 3, 
4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA and 

Pcp); pertussis toxin and BrkA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 
Fim, pertactin, MltA, MltB, VacJ, OmlA and Pep); pertussis toxin and BhuR 

(optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, pertactin-like 

protein, YapE, BrkA, BipA, FHA, Fim, MltA, MItB, VacJ, OmIA and Pcp); pertussis 

47



WO 2005/032584 PCT/EP2004/011082 

toxin and MltA, MltB (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, 
pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, Fim and BhuR).  

A further preferred immunogenic composition of the invention contains adenylate 

cyclase and at least 1, 2, 3, 4, antigens selected from the list consisting of TcfA, BapA, 
BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, BhuR, FHA, Fim, 
pertussis toxin , MltA, MltB, VacJ, OmlA and Pop. Preferred combinations comprise 

adenylate cyclase and TcfA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
pertactin, BrkA, pertussis toxin, MitA, MltB, VacJ, OmlA and Pop); adenylate cyclase 

and BapA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, 
pertussis toxin, MltA, MltB, VacJ, OmIA and Pop); adenylate cyclase and BapB 

(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis 

toxin, MItA, MltB, VacJ, OmIA and Pep); adenylate cyclase and BapC (optionally 

with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MItA, 

MltB, VacJ, OmIA and Pop); adenylate cyclase and pertactin (optionally with 1, 2, 3, 4 

or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin, MltA, MltB, VacJ, Om1A 

and Pep); adenylate cyclase and pertactin-like protein (optionally with 1, 2, 3, 4 or 5 of 

BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MltA, MltB, VacJ, OmIA 

and Pep); adenylate cyclase and YapE (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, 
FHA, Fim, pertactin, BrkA, pertussis toxin, MItA, MltB, VacJ, OmlA and Pep); 

adenylate cyclase and BrkA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, 
pertactin, pertussis toxin, MltA, MltB, VacJ, OmIA and Pop), adenylate cyclase and 

BhuR (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin, pertactin

like protein, YapE, BrkA, BipA, FHA, Fim pertussis toxin, MltA, MltB, VacJ, OmlA 

and Pop); adenylate cyclase and MltA, MltB (optionally with 1, 2, 3, 4 or 5 of TofA, 
BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, Fim, 
pertussis toxin and BhuR).  

A further preferred immunogenic composition of the invention contains LPS and at least 

1, 2, 3, 4, antigens selected from the list consisting of TcfA, BapA, BapB, BapC, 
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pertactin, pertactin-like protein, YapE, BrkA, BipA, BhuR, FHA, Fim, pertussis toxin 

MitA, MtB, VacJ, OmIA and Pcp. Preferred combinations comprise LPS and TcfA 
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis 

toxin, MitA, MItB, VacJ, OmIA and Pcp); LPS and BapA (optionally with 1, 2, 3, 4 or 
5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MitA, MltB, VacJ, 
OmlA and Pep); LPS and BapB (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, 
Fim, pertactin, BrkA, pertussis toxin, MItA, MltB, VacJ, OmlA and Pep); LPS and 
BapC (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, 
pertussis toxin, MitA, MltB, VacJ, OmlA and Pcp); LPS and pertactin (optionally with 
1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, pertussis toxin , MltA, MltB, VacJ, 
OmlA and Pcp); LPS and pertactin-like protein (optionally with 1, 2, 3, 4 or 5 of BipA, 
BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MltA, MltB, VacJ, OmlA and Pcp); 

LPS and YapE (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, 
BrkA, pertussis toxin, MltA, MltB, VacJ, OmlA and Pop); LPS and BrkA (optionally 

with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin, MLtA, MltB, 
VacJ, OmlA and Pcp); LPS and BhuR (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, 
BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, FHA, Fim, pertussis 

toxin, MLtA, MltB, VacJ, OmIA and Pcp); LPS and MltA (optionally with 1, 2, 3, 4 or 

5 of TcfA, BapA, BapB, BapC, pertactin, pertactin-like protein, YapE, BrkA, BipA, 
FHA, Fim and pertussis toxin and BhuR).  

A further preferred combination of the invention contains one, two or three of FHA, 
pertactin, pertussis toxin (preferably FHA and pertactin, FHA and pertussis toxin, 

pertactin and pertussis toxin or FHA, pertactin and pertussis toxin) and an additional 1, 2, 
3 or 4 antigens selected from the group consisting of TcfA, BipA, BapA, BapB, BapC, 
pertactin-like protein, YapE, BhuR, Fim, BrkA, adenylate cyclase, Type III ss , MltA, 
MltB, VacJ, OmlA and Pep. A preferred combinations contains FHA, pertactin, pertussis 
toxin and BhuR. A further preferred combination contains FHA, pertactin, pertussis toxin, 
and MIltA. A further preferred combination contains FHA, pertactin, pertussis toxin, and 

MltB. A further preferred combination contains FHA, pertactin, pertussis toxin and VacJ.  

49



WO 2005/032584 PCT/EP2004/011082 

A further preferred combination contains FHA, pertactin, pertussis toxin and OmIA. A 

further preferred combination contains FHA, pertactin, pertussis toxin and Pcp. A further 

preferred combination contains FHA, pertactin, pertussis toxin, a lipoprotein (preferably 

MitA, MltB, VacJ, OmIA or Pcp) and BhuR.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and BrkA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 34, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and BhuR or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 20, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and BapB or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 42, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and YapE, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and VacJ or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 82, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and Pcp or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 96, preferably further comprising pertactin.  
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A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and MltB or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 72, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and TcfA or a protein sharing at least 70, 80, 90, 95, 97, 98, 99 or 100% identity with 

SEQ ID 36, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and adenylate cyclase, preferably further comprising pertactin.  

A preferred immunogenic composition of the invention comprises FHA, pertussis toxin 

and Type III ss, preferably further comprising pertactin.  

It is further advantageous to combine antigens that are present at different stages of 

Bordetella life cycle in the immunogenic compositions of the invention. Bordetella has 

three identifyable stages, during which protein expression is controlled by the bvgAS 

locus. The Bvg+ virulent phase is characterised by the expression of a number of 

virulence factors including FHA, fimbrae and pertactin, a variety of toxins including 

adenylate cyclase, dermonecrotic toxin and pertussis toxin. During the Bvgi phase, some 

of the virulence factors are expressed and a new set of proteins including BipA are 

expressed (Deora et al Moledular Microbiology (2001) 40; 669-683).  

Immunogenic compositions comprising antigens expressed in different stages of the 

Bordetella life cycle further defines previous embodiments of the invention and is also 

an independent embodiment of the invention.  

Antigens expressed in the Bvg phases can be determined as set out in Deora et al 

Molecular Microbiology (2001) 40; 669-683; Stockbauer et al Molecular Microbiology 
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(2001) 39; 65-78; Cotter and Miller (1994) Infect. Immun. 62; 3381-3390 and Scarlato 

and Rappuoli (1991) J. Bacteriol. 173; 7401-7404 and US6387377.  

Currently available acellular pertussis vaccines include FHA, adenylate cyclase, 

pertactin and fimbrae proteins which are all Bvg+ early genes. Accordingly, a further 

aspect of the invention is an immunogenic composition containing 2, 3, 4, 5, 6, 7, 8, 9, 

or 10 or more antigens which are expressed in two, three or four phases selected from 

Bvg+ early, Bvg+ late, Bvg- and Bvgi, for example, Bvg+ early and Bvg+late; Bvg+ 

early and Bvg-; Bvg+ early and Bvgi: Bvg+late and Bvg-; Bvg+ late and Bvgi; Bvg- and 

Bvgi; Bvg+ early and Bvg+late and Bvg-; Bvg+ early and Bvg+late and Bvgi; Bvg+ 

early and Bvg- and Bvgi; Bvg+ late and Bvg- and Bvgi; Bvg+ early and Bvg+late and 

Bvg- and Bvgi.  

FHA, pertussis toxin, adenylate cyclase, Fim and pertactin are expressed in Bvg+ early 

phase.  

Vag8, SphB1, Tcf and Type III SS are expressed in Bvg+ late phase.  

BipA is expressed during Bvgi phase.  

LPS are present in all phases including Bvg- phase.  

Accordingly, preferred immunogenic compositions of the invention comprise 1, 2 or 3 

antigens expressed in Bvg+ early phase (preferably selected from FHA, pertussis toxin, 

Fim and pertactin and further comprise 1, 2 or 3 antigens that are expressed during 

Bvg+ late phase and/or Bvgi phase and/or Bvg- phase (preferably Bvgi).  

Preferred immunogenic compositions comprise BipA and an antigen expressed during 

Bvg+ early phase and/or Bvg+ late phase and/or Bvg- phase.  

A preferred immunogenic compositions comprises FHA, PT and Tcf (optionally further 

comprising 1, 2, or 3 of Fim, pertactin, Vag8, SphB1, Type III SS, BipA and LPS).  
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A preferred immunogenic compositions comprises FHA, PT and Vag8 (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, SphBl, Type III SS, BipA and LPS).  

A preferred immunogenic compositions comprises FHA, PT and Vag8 (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, SphBl, Type III SS, BipA and 

LPS).  

A preferred immunogenic compositions comprises FHA, PT and SphB1 (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, VagS, Type III SS, BipA and LPS).  

A preferred immunogenic compositions comprises FHA, PT and Type III SS (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, Vag8, SphB1, BipA and LPS).  

A preferred immunogenic compositions comprises FHA, PT and BipA (optionally 

further comprising 1, 2, or 3 of Fim, pertactin, Tcf, Vag8, SphB1, Type III SS, BipA and 

LPS).  

A preferred immunogenic compositions comprises FHA, PT and LPS (optionally further 

comprising 1, 2, or 3 of Fim, pertactin, Tcf, Vag8, SphB1, Type III SS and BipA).  

The combinations listed above may be in the form of a subunit vaccine which contains 

isolated, preferably purified antigens. Where this is the case, it is preferred that soluble 

fragments of some of the antigens are used. For instance, the water soluble passenger 

domain of autotransporter proteins as defmed above are preferred.  

A further aspect of the invention is a combination of a protein involved in Bordetella 

resistance to complement (for example BrkA) and an antigen involved in Bordetella 

resistance to cellular immunity (for instance pertussis toxin). Such a combination preferably 

elicits a protective immune response against Bordetella. This aspect further defines 
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previous embodiments of the invention and is also an independent embodiment of the 

invention.  

A protein involved in Bordetella resistance to complement is defined as a Bordetella 

protein that is capable of disrupting the effective functioning of the host's complement 

system preferably by inhibiting the classical complement activation pathway. The degree 

of inhibition will be at least 10%, preferably 20%, more preferably 30%, more preferably 

40%, 50%, 60%, 70%, 80%, most preferably 90% or 95%. This may be measured by the 

ability of the protein to inhibit a serum killing assay as described in Infect. Immun. 69; 

3067 (2001). Examples of this sort of protein include BrkA and BrkB from Bordetella and 

fragments thereof eliciting an immunogenic response against said proteins, in particular a 

passenger domain (approximately from amino acid 41 to amino acid 706).  

A protein involved in Bordetella resistance to cellular immunity is defined as a Bordetella 

protein which is able to inhibit (by at least 30%, 40%, 50%, 60%, 70%, 80%, preferably 

90% or 95%) the effective functioning of at least one type of cell making up the host's 

cellular immunity system. It may act by having a toxic effect on one or more of the host's 

cell populations involved in cellular immunity, for instance T lymphocytes, B 

lymphocytes, neutrophils, eosinophils, macrophages, dendritic cells or monocytes.  

Examples of such antigens include pertussis toxin, adenylate cyclase and LPS. It may 

alternatively inhibit cellular immunity by disrupting the function of cell involved in 

immunity.  

Bordetella pertussis is an obligate human pathogen and has developed mechanisms to 

survive within the hostile environment of the human host. One mechanism of doing this 

is through the action of pertussis toxin, which catalyses the ADP-ribosylation of GTP

binding proteins of mammalian cells. Since GTP-binding proteins are signalling 

molecules involved in regulating cellular processes, such ADP-ribosylation can lead to 

disruption of cellular function. Several important cells of the immune system including 

neutrophils, macrophages, monocytes and lymphocytes are inhibited by pertussis toxin 
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(Weiss (1997) ASM News 63; 22). The action of pertussis toxin therefore disables the 

cellular immune response to B. pertussis.  

The complement system is another important defence mechanism in the human body.  

The level of complement in the lung is ordinarily 10-20% of that in serum, however this 

increases during inflammation (Persson (1991) Eur. Respir. 4; 1268). B. pertussis has 

developed mechanisms of evading the complement system. Firstly, the 

lipopolysaccharides of B. pertussis do not activate the alternative pathway of 

complement (Fernandez and Weiss (1994) Infection and Immunity 62; 4727). The 

binding of antibodies to B. pertussis could however, lead to activation of the classical 

complement pathway. B. pertussis has developed a mechanism of inhibiting the 

classical complement pathway, using the protein BrkA.  

An aspect of the invention relates to a pharmaceutical composition, preferably an 

immunogenic composition, more preferably a vaccine and more preferably an acellular 

vaccine against Bordetella infection, comprising an antigen involved in Bordetella 

resistance to complement and an antigen involved in Bordetella resistance to cellular 

immunity. Such antigens may be proteins, lipoproteins, polysaccharides, 

lipopolysaccharides or any other constituent of Bordetella.  

In a preferred embodiment of the invention, the pharmaceutical composition comprises 

BrkA and/or BrkB as a protein involved in Bordetella resistance to complement and PT 

and/or adenylate cyclase as a protein involved in Bordetella resistance to cellular 

immunity. Lipopolysaccharides (LPS) are antigens that are also toxic to cells involved 

in immunity and in some embodiments of the invention could supplement or replace 

pertussis toxin or adenylate cyclase. In a further embodiment of the invention, the 

pharmaceutical composition comprises BrkA as a protein involved in Bordetella 

resistance to complement, PT as a protein involved in Bordetella resistance to cellular 

immunity and FHA. In a further embodiment of the invention, the pharmaceutical 

composition comprises BrkA as a protein involved in Bordetella resistance to 
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complement, PT as a protein involved in Bordetella resistance to cellular immunity, 
FHA and 69kDa pertactin.  

The pharmaceutical compositions of the invention preferably comprise one or more 

additional cross-protective Bordetella antigen. It is advantageous for a vaccine to 

generate protection against B. parapertussis as well as B. pertussis so that a single 

vaccine can protect against both forms of infection. BrkA is itself well conserved 

between B. pertussis and B. parapertussis, however, a better level of protection is 

achieved by the inclusion of one or more additional antigens which are conserved 

between the several strains of Bordetella.  

Several methods can be used to identify Bordetella cross-reactive antigens. Using 

genome mining, a comparison of the genomes of B. pertussis and B. parapertussis 

would show which antigens are conserved between the two species. Alternatively, DNA 
chips could be used alongside sequence information to assess the expression of 

candidate antigens in B. pertussis and B. parapertussis. Antisera against Pw could be 
used to identify cross-reactive antigens by using gel electrophoresis and western 

blotting. Spot microsequencing could precisely identify cross-reactive antigens. See 

Example 16 for one such suitable method. The invention embodies vaccines containing 

cross-reactive Bordetella antigens identified by the above methods or similar methods 

(preferably proteins from SEQ Group 2, most preferably proteins having an amino acid 

sequence having at least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% or 100% 

identity to SEQ ID NO: 14, 50, 100. 102, 104, 106, 108 or 110).  

Preferred ratios of antigens for inclusion into a pharmaceutical composition are 1-10 PT 

to 1 BrkA or BrkB, more preferred ratios are 1-5 PT to 1 BrkA or BrkB, most preferred 

ratios are 2.5 PT to 1 BrkA or BrkB.  

The incorporation of B. pertussis/B. parapertussis crossprotective antigens into the 

immunogenic compositions of the invention further defines previously described 
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embodiments of the invention and is also an independent embodiment of the invention, 

namely an immunogenic composition (or acellular vaccine) comprising one or more 

antigens (preferably isolated from either or both of B. pertussis or B. parapertussis, 

particularly those antigens described in Example 16) that is capable of generating an 

immune response that is crossreactive against B. pertussis and B. parapertussis, preferably 

crossprotective against Bordetella disease, more preferably against B. pertussis and B.  

parapertussis disease, with the proviso that the immunogenic composition does not 

comprise whole cell pertussis (Pw).  

Diagnostic, Prognostic, Serotyping and Mutation Assays 

This invention is also related to the use of BASB232 polynucleotides and polypeptides of 

the invention for use as diagnostic reagents. Detection of BASB232 polynucleotides and/or 

polypeptides in a eukaryote, particularly a mammal, and especially a human, will provide a 

diagnostic method for diagnosis of disease, staging of disease or response of an infectious 

organism to drugs. Eukaryotes, particularly mammals, and especially humans, particularly 

those infected or suspected to be infected with an organism comprising a BASB232 genes or 

proteins, may be detected at the nucleic acid or amino acid level by a variety of well known 

techniques as well as by methods provided herein.  

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 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 hybridizing 
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amplified DNA to labeled BASB232 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. 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 BASB232 

nucleotide sequences 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 any of the nucleotide sequences 

of SEQ Group 1, or a fragment thereof ; 

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

(c) a polypeptide of the present invention, preferably any of the polypeptides of SEQ 

Group 2 or a fragment thereof; or 

(d) an antibody to a polypeptide of the present invention, preferably to the polypeptides of 

SEQ Group 2.  
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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.  

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, 

preferably any sequences of SEQ Group 1 , 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. It is 

particularly preferred to use RT-PCR in conjunction with automated detection systems, such 

as, for example, GeneScan. RNA, cDNA or genomic DNA may also be used for the same 

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

BASB232 polypeptide can be used to identify and analyze mutations.  

The invention further provides primers with 1, 2, 3 or 4 nucleotides removed from the 5' 

and/or the 3' end. These primers may be used for, among other things, amplifying 

BAS1B232 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 
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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 Bordetalla, particularly B. pertussis, 

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 any of 

the sequences of SEQ Group 1 . Increased or decreased expression of a BASB232 

polynucleotides 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 BASB232 polypeptides 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 BASB232 polypeptides, in a sample derived from a host, such as a 

bodily material, are well-known to those of skill in the art. Such assay methods include 

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 particularly 

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 probes 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 B. pertussis, and 

may be useful in diagnosing and/or prognosing disease or a course of disease. A grid 

comprising a number of variants of any polynucleotide sequences of SEQ Group 1 are 
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preferred. Also preferred is a comprising a number of variants of a polynucleotide 

sequence encoding any polypeptide sequences of SEQ Group 2.  

Antibodies 

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

expressing the same can be used as immunogens to produce antibodies immunospecific for 
such polypeptides or polynucleotides respectively. Alternatively, mimotopes, particularly 

peptide mimotopes, of epitopes within the polypeptide sequence may also be used as 

immunogens to produce antibodies immunospecific for the polypeptide of the invention.  

The term "immunospecific" means that the antibodies have substantially greater affinity for 
the polypeptides of the invention than their affinity for other related polypeptides in the prior 
art.  

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

BASB232 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. For 

preparation of monoclonal antibodies, any technique known in the art that provides 

antibodies produced by continuous cell line cultures can be used. Examples include various 

techniques, 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 THER APY, Alan R. Liss, Inc. (1985).  

Techniques for the production of single chain antibodies (U.S. Patent No. 4,946,778) can be 
adapted to produce single chain antibodies to polypeptides or polynucleotides of this 

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

polynucleotides of the invention.  

Alternatively, phage display technology may be utilized to select antibody genes with 

binding activities towards a polypeptide of the invention either from repertoires of PCR 

amplified v-genes of lymphocytes from humans screened for possessing anti-BASB232 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).  

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.  

Thus, among others, antibodies against BASB232 polypeptides or BASB232 

polynucleotides may be employed to treat infections, particularly bacterial infections.  

Polypeptide variants include antigenically, epitopically or immunologically equivalent 

variants form a particular aspect of this invention.  

Preferably, the antibody or variant thereof is modified to make it less immunogenic in the 

individual. For example, if the individual is human the antibody may most preferably be 

"humanized," where the complimentarity 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 

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 preparations, chemical 
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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).  

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 generated by activation or 

inhibition of the polypeptide or polynucleotide, 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. Constitutively active polypeptide 

and/or constitutively expressed polypeptides and polynucleotides may be employed in 

screening methods for inverse agonists or inhibitors, in the absence of an agonist or 

inhibitor, by testing whether the candidate compound results in inhibition of activation of 

the polypeptide or 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 fonn a mixture, 

measuring BASB232 polypeptides and/or polynucleotides activity in the mixture, and 

comparing the BASB232 polypeptides and/or polynucleotides activity of the mixture to a 

standard. Fusion proteins, such as those made from Fc portion and BASB232 

polypeptides, 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 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)).  
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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 production of mRNA and/or polypeptide 

in cells. For example, an ELISA assay may be constructed for measuring secreted or cell 

associated levels of polypeptide using monoclonal and polyclonal antibodies by standard 

methods known in the art. This can be used to discover agents which may inhibit or 

enhance the production of polypeptide (also called antagonist or agonist, respectively) 

from suitably manipulated cells or tissues.  

The invention also provides a method of screening compounds to identify those which 

enhance (agonist) or block (antagonist) the action of BASB232 polypeptide or 

polynucleotides, particularly those compounds that are bacteriostatic 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 BASB232 

polypeptide and a labeled substrate or ligand of such polypeptides is incubated in the 

absence or the presence of a candidate molecule that may be a BASB232 agonist or 

antagonist. The ability of the candidate molecule to agonize or antagonize the BASB232 

polypeptide is reflected in decreased binding of the labeled ligand or decreased production 

of product from such substrate. Molecules that bind gratuitously, i.e., without inducing the 

effects of BASB232 polypeptide are most likely to be good antagonists. Molecules 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 agonists. 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 BASB232 polynucleotide or polypeptide activity, and binding assays known in 

the art.  
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Another example of an assay for BASB232 agonists is a competitive assay that combines 

BASB232 and a potential agonist with BASB232 binding molecules, recombinant 

BASB232 binding molecules, natural substrates or ligands, or substrate or ligand mimetics, 
under appropriate conditions for a competitive inhibition assay. BASB232 can be labeled, 
such as by radioactivity or a colorimetric compound, such that the number of BASB232 

molecules bound to a binding molecule or converted to product can be determined 

accurately to assess the effectiveness of the potential antagonist.  

Potential antagonists include, among others, small organic molecules, peptides, polypeptides 

and antibodies that bind to a polynucleotide and/or polypeptide of the invention and thereby 

inhibit or extinguish its activity or 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 

BASB232 induced activities, thereby preventing the action or expression of BASB232 

polypeptides and/or polynucleotides by excluding BASB232 polypeptides and/or 

polynucleotides from binding.  

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); 

OLIGODEOXYNUCLEOTIDES ASANTISENSE INHIBITORS OF GENE EXPRESSION, 
CRC Press, Boca Raton, FL (1988), for a description of these molecules). Preferred 

potential antagonists include compounds related to and variants of BASB232.  

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 
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part of the heavy chain of human IgG, particularly IgG1, where fusion takes place at the 

hinge region. In a particular embodiment, the Fe 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 W094/22914.  

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

development of antibacterial compounds. The encoded protein, upon expression, can be 

used as a target for the screening of antibacterial drugs. Additionally, the polynucleotide 

sequences encoding the 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.  

The invention also provides the use of the polypeptide, polynucleotide, agonist or 

antagonist of the invention to interfere with the initial physical interaction between a 

pathogen or pathogens and a eukaryotic, preferably mammalian, host responsible for 

sequelae of infection. In particular, the molecules of the invention may be used: in the 

prevention of adhesion of bacteria, in particular Bordetella, to eukaryotic, preferably 

marumalian, 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 BASB232 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.  

In accordance with yet another aspect of the invention, there are provided BASB232 

agonists and antagonists, preferably bacteristatic or bactericidal agonists and antagonists.  
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The antagonists and agonists of the invention may be employed, for instance, to prevent, 
inhibit and/or treat diseases.  

In a further aspect, the present invention relates to mimotopes of the polypeptide of the 

invention. A mimotope is a peptide sequence, sufficiently similar to the native antigen, 
preferably a peptide or LPS (sequentially or structurally), which is capable of being 

recognised by antibodies which recognise the native peptide; or is capable of raising 

antibodies which recognise the native peptide when coupled to a suitable carrier.  

Peptide mimotopes may be designed for a particular purpose by addition, deletion or 

substitution of elected amino acids. Thus, the peptides 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 conformation 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. Alternatively, 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.  

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 Bl). This technique, generates a large number 

of peptide sequences which mimic the structure of the native peptides and are, therefore, 

capable of binding to anti-native peptide antibodies, but may not necessarily themselves 

share significant sequence homology to the native polypeptide.  
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Vaccines 

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

response in an individual, particularly a mammal, preferably humans, which comprises 

inoculating the individual with BASB232 polynucleotide and/or polypeptide, or a 

fragment or variant thereof, or a combination thereof as described above, adequate to 

produce antibody and/ or T cell immune response to protect said individual from 

infection, particularly bacterial infection and most particularly Bordetella infection 

including B. pertussis and/or B. parapertussis infection. Also provided are methods 

whereby such immunological response slows bacterial replication. Yet another aspect of 

the invention relates to a method of inducing immunological response in an individual 

which comprises delivering to such individual a nucleic acid vector, sequence or ribozyme 

to direct expression of BASB232 polynucleotide and/or polypeptide, or a fragment or a 

variant thereof, for expressing BASB232 polynucleotide and/or polypeptide, or a fragment 

or a variant thereof, or a combination thereof as described above, 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 individual 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 complex.  

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 immunological response in such individual to a 

BASB232 polynucleotide and/or polypeptide encoded therefrom, or a combination thereof 

as described above, wherein the composition comprises a recombinant BASB232 

polynucleotide and/or polypeptide encoded therefrom and/or comprises DNA and/or RNA 

which encodes and expresses an antigen of said BASB232 polynucleotide, polypeptide 
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encoded therefrom, or other polypeptide of the invention. The immunological response 

may be used therapeutically or prophylactically and may take the form of antibody 

immunity and/or cellular immunity, such as cellular immunity arising from CTL or CD4+ 

T cells.  

A BASB232 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 immunogenic properties, and preferably protective properties. Thus 

fused recombinant protein, preferably further comprises an antigenic co-protein, such as 

lipoprotein D from Haemnophilus influenzae, Glutathione-S-transferase (GST) or beta

galactosidase, or any other relatively large co-protein which solubilizes the protein and 

facilitates production and purification thereof. Moreover, the co-protein may act as an 

adjuvant in the sense of providing a generalized stimulation of the immune system of the 

organism receiving the protein. The co-protein may be attached to either the amino- or 

carboxy-terminus of the first protein.  

In a vaccine composition according to the invention, a BASB232 polypeptide and/or 

polynucleotide, or a fragment, or a mimotope, or a variant thereof , or a combination thereof 

as described above, may be present in a vector, such as the live recombinant vectors 

described above for example live bacterial vectors.  

Also suitable are non-live vectors for the BASB232 polypeptide, or a combination thereof 

as described above, for example bacterial outer-membrane vesicles or "blebs". OM blebs 

are derived from the outer membrane of the two-layer membrane of Gram-negative 

bacteria and have been documented in many Gram-negative bacteria (Zhou, L et al. 1998.  

FEMS Microbiol. Lett. 163:223-228) including C. trachonatis and C. psittaci. A non

exhaustive list of bacterial pathogens reported to produce blebs also includes: Bordetella 

pertussis, Borrelia burgdorferi, Brucella inelitensis, Brucella ovis, Esherichia coli, 
Haemophilus influenzae, Legionella pneuinophila, Moraxella catarrhalis, Neisseria 
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gonorrhoeae, Neisseria meningitidis, Pseudomonas aeruginosa and Yersinia 

enterocolitica.  

Blebs have the advantage of providing outer-membrane 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 BASB232 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 downregulated.  

These approaches are discussed in more detail below.  

The non-coding flanking regions of the BASB232 genes contain regulatory elements 

important in the expression of the gene. This regulation takes place both at the 

transcriptional and translational level. The sequence of these regions, either upstream or 

downstream of the open reading frame of the gene, can be obtained by DNA sequencing.  

This sequence information allows the determination of potential regulatory motifs such as 

the different promoter elements, terminator sequences, inducible sequence elements, 

repressors, elements responsible for phase variation, the shine-dalgarno sequence, regions 

with potential secondary structure involved in regulation, as well as other types of 

regulatory motifs or sequences. This sequence is a further aspect of the invention.  

This sequence information allows the modulation of the natural expression of the 

BASB232 genes. The upregulation 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 
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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.  

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 the region of interest and modifying it by random mutagenesis, or 

site-directed replacement, insertion or deletion mutagenesis. The modified region can then 

be reintroduced into the bacterial genome by homologous recombination, and the effect 

on gene expression can be assessed. In another approach, the sequence knowledge of 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 regulatory 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 bacterium via homologous recombination into the genome.  

A non-exhaustive list of preferred promoters that could be used for up-regulation of gene 

expression includes the promoters porA, porB, lbpB, tbpB, pl10, 1st, hpuAB from N.  

meningitidis or N. gonorroheae; ompCD, copB, lbpB, ompE, UspAl; UspA2; TbpB from 

M. Catarrhalis; pl, p2, p4, p5, p6, lpD, tbpB, D15, Hia, Hmwl, Hmw2 from H.  

influenzae and any known strong promoter from B. pertussis or B. parapertussis.  

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 reintroduction into the genome by homologous 

recombination). Upregulated expression can be obtained in both the bacterium as well as 

in the outer membrane vesicles shed (or made) from the bacterium.  
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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 expression of immunodominant proteins, strains with 

modulated shedding of outer-membrane vesicles.  

Thus, also provided by the invention is a modified upstream region of the BASB232 

genes, which modified upstream region contains a heterologous regulatory element which 

alters the expression level of the BASB232 proteins located at the outer membrane. The 

upstream region according to this aspect of the invention includes the sequence upstream 

of the BASB232 genes. The upstream region starts immediately upstream of the BASB232 

genes and continues usually to a position no more than about 1000 bp upstream of the gene 

from the ATG start codon. In the case of a gene located in a polycistronic sequence 

(operon) the upstream region can start immediately preceding the gene of interest, or 

preceding the first gene in the operon. Preferably, a modified upstream region according to 

this aspect of the invention contains a heterologous promotor at a position between 500 and 

700 bp upstream of the ATG.  

Thus, the invention provides BASB232 polypeptides, or a combination thereof as 

described above, 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 BASB232 genes having a modified upstream 

region containing a heterologous regulatory element.  

Further provided by the invention are processes to prepare the host cells and bacterial blebs 

according to the invention.  

Also provided by this invention are compositions, particularly vaccine compositions, and 

methods comprising the polypeptides and/or polynucleotides of the invention and 
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immunostimulatory DNA sequences, such as those described in Sato, Y. et al. Science 

273: 352 (1996).  

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 B. pertussis. Such 

experiments will be particularly useful for identifying protein epitopes able to provoke a 

prophylactic 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 prophylactic agents or therapeutic treatments of bacterial infection, 

particularly B. pertussis infection, in mammals, particularly humans.  

Immunogenic compositions 

It is advantageous for the antigens and combinations of antigens of the invention to be 

formulated into immunogenic compositions that comprise immunogenic, preferably 

immunologically effective, amounts of additional antigens to elicit immunity to other 

pathogens, preferably viruses and/or bacteria. Such additional antigens include 

diphtheria toxoid, tetanus toxoid, hepatitis B surface antigen, injectable polio vaccine, 

Haemophilus influenzae type b PRP, capsular polysaccharides or outer membranr 

vesicle preparations from N. meningitidis and capsular polysaccharides from S.  

pneumoniae.  

Preferred immunogenic compositions of the invention are formulated with 1, 2, 3 or 

preferably all 4 of the following meningococcal capsular polysaccharides or 

oligosaccharides : A, C, Y or W, which may be plain or conjugated to a protein carrier.  

Combinations of meningococcal polysaccharides or oligosaccharides include A and C; 

A and Y; A and W; C and Y; C and W; Y and W; A, C and Y; A, C and W; A, Y and 
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W; C, Y and W and A, C, Y and W. Such a vaccine containing proteins from N.  

meningitidis serogroup B may be advantageously combine a global meningococcus 

vaccine with a Bordetella vaccine.  

In a further preferred embodiment, the immunogenic compositions of the invention are 

formulated with a conjugated or unconjugated H influenzae b capsular polysaccharide 

or oligosaccharide, and one or more plain or conjugated pneumococcal capsular 

polysaccharides or oligosaccarides. Optionally, the vaccine may also comprise one or 

more protein antigens that can protect a host against Streptococcus pneumoniae 

infection. Such a vaccine may be advantageously used as a Bordetella/H.  

influenzae/streptococcus pneumonia vaccine.  

In a further preferred embodiment, the immunogenic composition of the invention is 

formulated with capsular polysaccharides or oligosaccharides derived from one or more 

of Neisseria meningitidis, Haenophilus influenzae, Streptococcus pneumoniae, Group 

A Streptococci, Group B Streptococci, Staphylococcus aureus or Staphylococcus 

epidermidis. In a preferred embodiment, the immunogenic composition comprises 

capsular polysaccharides or oligosaccharides derived from one or more of serogroups 

A, C, W and Y of Neisseria meningitidis. A further preferred embodiment comprises 

capsular polysaccharides or oligosaccharides derived from Streptococcus pneumoniae.  

The pneumococcal capsular polysaccharide or oligosaccharide antigens are preferably 

selected from serotypes 1, 2, 3, 4, 5, 6B, 7F, 8, 9N, 9V, 1OA, 11A, 12F, 14, 15B, 17F, 
18C, 19A, 19F, 20, 22F, 23F and 33F (most preferably from serotypes 1, 3, 4, 5, 6B, 7F, 

9V, 14, 18C, 19F and 23F). A further preferred embodiment comprises the PRP 

capsular polysaccharides or oligosaccharides of Haemophilus influenzae. A further 

preferred embodiment comprises the Type 5, Type 8 or 336 capsular polysaccharides or 

oligosaccharides of Staphylococcus aureus. A further preferred embodiment comprises 

the Type I, Type II or Type III capsular polysaccharides of Staphylococcus epidermidis.  

A further preferred embodiment comprises the Type Ia, Type Ic, Type II or Type III 

capsular polysaccharides or oligosaccharides of Group B streptocoocus. A further 
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preferred embodiment comprises the capsular polysaccharides or oligosaccharides of 

Group A streptococcus, preferably further comprising at least one M protein and more 

preferably multiple types of M protein.  

Capsular polysaccharides or oligosaccharides included in pharmaceutical compositions 

of the invention may be unconjugated or conjugated to a carrier protein such as tetanus 

toxoid, tetanus toxoid fragment C, non-toxic mutants of tetaus toxin, diphtheria toxoid, 
CRM197, other non-texic mutant of diphtheria toxin (such as CRM176, CRM 197, 
CRM228, CRM 45 (Uchida et al J. Biol. Chem. 218; 3838-3844, 1973); CRM 9, CRM 

45, CRM102, CRM 103 and CRM107 and other mutations described by Nicholls and 

Youle in Geneticaly Engineered Toxins, Ed: Frankel, Maecel Dekker Inc, 1992; 

deletion or mutation of Glu-148 to Asp, Gln or Ser and/or Ala 158 to Gly and other 

mutations disclosed in US 4709017 or US 4950740; mutation of at least one or more 

residues Lys 516, Lys 526, Phe 530 and/or Lys 534 and other mutations disclosed in US 

5917017 or US 6455673; or fragment disclosed in US 5843711), pneumolysin or 

Protein D (US6342224).  

The polysaccharide conjugate may be prepared by any known coupling 

technique. For example the polysaccharide can be coupled via a thioether linkage. This 

conjugation method relies on activation of the polysaccharide with 1 -cyano-4

dimethylamino pyridinium tetrafluoroborate (CDAP) to form a cyanate ester. The 

activated polysaccharide may thus be coupled directly or via a spacer group to an amino 

group on the carrier protein. Preferably, the cyanate ester is coupled with hexane 

diamine and the amino-derivatised polysaccharide is conjugated to the carrier protein 

using heteroligation chemistry involving the formation of the thioether linkage. Such 

conjugates are described in PCT published application W093/15760 Uniformed 

Services University.  

The conjugates can also be prepared by direct reductive amination methods as described 

in US 4365170 (Jennings) and US 4673574 (Anderson). Other methods are described 

in EP-0-161-188, EP-208375 and EP-0-477508.  
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A further method involves the coupling of a cyanogen bromide activated 

polysaccharide derivatised with adipic acid hydrazide (ADH) to the protein carrier by 

Carbodiimide condensation (Chu C. et al Infect. Immunity, 1983 245 256).  

The immunogenic compositions of the invention may also comprise proteins from other 

pathogens. Preferred pneumococcal proteins antigens are those pneumococcal proteins 

which are exposed on the outer surface of the pneumococcus (capable of being 

recognised by a host's immune system during at least part of the life cycle of the 

pneumococcus), or are proteins which are secreted or released by the pneumococcus.  

Most preferably, the protein is a toxin, adhesin, 2-component signal tranducer, or 

lipoprotein of Streptococcus pneumoniae, or fragments thereof. Particularly preferred 

proteins include, but are not limited to: pneumolysin (preferably detoxified by chemical 

treatment or mutation) [Mitchell et al. Nucleic Acids Res. 1990 Jul 11; 18(13): 4010 

"Comparison of pneunolysin genes and proteins from Streptococcus pneumoniae types 

1 and 2.", Mitchell et al. Biochim Biophys Acta 1989 Jan 23; 1007(1): 67-72 

"Expression of the pneumolysin gene in Escherichia coli: rapid purification and 

biological properties.", WO 96/05859 (A. Cyanamid), WO 90/06951 (Paton et al), WO 

99/03884 (NAVA)]; PspA and transmembrane deletion variants thereof (US 5804193 

Briles et al.); PspC and transmembrane deletion variants thereof (WO 97/09994 - Briles 

et al); PsaA and transmembrane deletion variants thereof (Berry & Paton, Infect Immun 

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

adhesin essential for virulence of Streptococcus pneumoniae"); pneumococcal choline 

binding proteins and transmembrane deletion variants thereof; CbpA and 

transmembrane deletion variants thereof (WO 97/41151; WO 99/51266); 

Glyceraldehyde-3-phosphate - dehydrogenase (Infect. Immun. 1996 64:3544); HSP70 

(WO 96/40928); PcpA (Sanchez-Beato et al. FEMSMicrobiol Lett 1998, 164:207-14); 

M like protein, (EP 0837130) and adhesin 18627, (EP 0834568). Further preferred 

pneumococcal protein antigens are those disclosed in WO 98/18931, particularly those 

selected in WO 98/18930 and PCT/US99/30390.  
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Preferred proteins for inclusion in the immunogenic composition of the invention 

include adhesins, autotransporter proteins, iron acquisition proteins and toxins from N.  

meningitidis serotype B, optionally as part of an outer membrane vesicle preparation.  

Adhesins include FhaB (W098/02547), NadA (J. Exp.Med (2002) 195:1445; NMB 

1994), Hsf also known as NhhA (NMB 0992) (W099/31132), Hap (NMB 

1985)(WO99/55873), NspA (W096/29412), MafA (NMB 0652) and MafB (NMB 

0643) (Annu Rev Cell Dev Biol. 16; 423-457 (2000); Nature Biotech 20; 914-921 

(2002)), Omp26 (NMB 0181), NMB 0315, NMB 0995, NMB 1119 and PilC (Mol.  

Microbiol. 1997, 23; 879-892). These are proteins that are involved in the binding of 

Neisseria to the surface of host cells.  

Autotransporter proteins typically are made up of a signal sequence, a passenger domain 

and an anchoring domain for attachment to the outer membrane. Examples of 

autotransporter proteins include Hsf (W099/31132) (NMB 0992), HMW, Hia (van 

Ulsen et al Immunol. Med. Microbiol. 2001 32; 53-64), Hap (NMB 1985) 

(W099/55873; van Ulsen et al Immunol. Med. Microbiol. 2001 32; 53-64), UspA, 

UspA2, NadA (NMB 1994) (Comanducci et al J. Exp. Med. 2002 195; 1445-1454), 

AspA (Infection and Immunity 2002, 70(8); 4447-4461; NMB 1029), Aida-1 like 

protein, SSh-2 and Tsh. The passenger domain of an autotransporter protein is a 

preferred fragment for incorporation into the immunogenic composition of the 

invention.  

Iron aquisition proteins include TbpA (NMB 0461) (W092/03467, US5912336, 

W093/06861 and EP586266), TbpB (NMB 0460) (W093/06861 and EP586266), LbpA 

(NMB 1540) (Med Microbiol (1999) 32:1117), LbpB (NMB 1541)(WO/99/09176), 

HpuA (U73112.2) (Mol Microbiol. 1997, 23; 737-749), HpuB (NC_003116.1) (Mol 

Microbiol. 1997, 23; 737-749), P2086 also known as XthA (NMB 0399) (13 th 

International Pathogenic Neisseria Conference 2002), FbpA (NMB 0634), FbpB, BfrA 

(NMB 1207), BfrB (NMB 1206), Lipo28 also known as GNA2132 (NMB 2132), Sibp 
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(NMB 1882), HmbR, HemH, Bcp (NMB 0750), Iron (III) ABC transporter-permease 

protein (Tettelin et al Science 287; 1809-1815 2000), Iron (III) ABC transporter 

periplasmic (Tettelin et al Science 287; 1809-1815 2000), TonB-dependent receptor 

(NMB 0964 and NMB 0293)(Tettelin et al Science 287; 1809-1815 2000) and 

transferrin binding protein related protein (Tettelin et al Science 287; 1809-1815 2000), 

Toxins include FrpA (NMB 0585; NMB 1405), FrpA/C (see below for definition), 

FrpC (NMB 1415; NMB 1405) (W092/01460), NM-ADPRT (NMB 1343) (13th 

International Pathogenic Neisseria Conference 2002 Masignani et al p135), VapD 

(NMB 1753), lipopolysaccharide (LPS; also called lipooligosaccharide or LOS) 

immunotype L2 and LPS immunotype L3. FrpA and FrpC contain a region which is 

conserved between these two proteins and a preferred fragment of the proteins would be 

a polypeptide containing this conserved fragment, preferably comprising amino acids 

227-1004 of the sequence of FrpA/C.  

The meningococcal proteins included in the immunogenic composition of the invention 

may be present as a subunit composition in which the purified protein or an 

immunogenic fragment of the protein is added to the immunogenic composition.  

Optionally, the protein is added as part of an outer membrane vesicle preparation.  

The immunogenic composition optionally comprises antigens providing protection 

against Diphtheria and/or tetanus infections. Typically, the antigens providing protection 

against Diphtheria and tetanus would be Diphtheria toxoid and tetanus toxoid. The 

toxoids may be chemically inactivated toxins or toxins inactivated by the introduction of 

point mutations.  

It is advantageous to combine the immunogenic composition of the invention with 

antigens that confer immunity against one or more of Haemophilus influenzae b, 

hepatitis B and/or polio virus. Preferred pharmaceutical compositions of the invention 

will further comprise one or more , most preferably all three of PRP polysaccharide or 
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oligosaccharide of Haemophilus influenzae b, hepatitis B surface antigen and/or 

injectable polio virus (IPV).  

The immunogenic composition optionally comprises one or more antigens that can 

protect a host against RSV and/or one or more antigens that can protect a host against 

influenza virus.  

Preferred influenza virus antigens include whole, live or inactivated virus, split 

influenza virus, grown in eggs or MDCK cells, or Vero cells or whole flu virosomes (as 

described by R. Gluck, Vaccine, 1992, 10, 915-920) or purified or recombinant proteins 

thereof, such as HA, NP, NA, or M proteins, or combinations thereof.  

Preferred RSV (Respiratory Syncytial Virus) antigens include the F glycoprotein, the G 
glycoprotein, the HN protein, or derivatives thereof.  

Preferred non-typeable H. influenzae protein antigens include Fimbrin protein (US 
5766608) and fusions comprising peptides therefrom (eg LB1 Fusion) (US 5843464 

Ohio State Research Foundation), OMP26, P6, protein D, ThpA, TbpB, Hia, Hmwl, 
Hmw2, Hap, and D15.  

It should be appreciated that immunogenic compositions of the invention may comprise 

one or more capsular polysaccharide or oligosaccharide from a single species of bacteria.  

Immunogenic compositions may also comprise capsular polysaccharides or 

oligosaccharide derived from one or more species of bacteria.  

Vaccines 

A further embodiment of the invention provides a vaccine formulation which comprises 

an immunogenic recombinant polypeptide and/or polynucleotide of the invention, or a 

combination thereof, together with a suitable carrier/excipient, such as a pharmaceutically 
acceptable carrier/excipient. 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.  
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Formulations suitable for parenteral administration include aqueous and non-aqueous 

sterile injection solutions which may contain anti-oxidants, buffers, bacteriostatic 

compounds and solutes which render the formulation isotonic with the bodily fluid, 

preferably the blood, of the individual; and aqueous and non-aqueous sterile suspensions 

which may include suspending agents or thickening agents. The formulations may be 

presented in unit-dose or multi-dose containers, 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.  

The vaccine formulation of the invention may also include adjuvant systems for 

enhancing the immunogenicity of the formulation. The adjuvant may be aluminium 

hydroxide, aluminium phosphate or a mixture of aluminium hydroxide and aluminium 

phosphate. Where hepatitis B surface antigen is present as part of the vaccine, the 

adjuvant is preferably aluminium phosphate. Preferably the adjuvant system raises 

preferentially a THI type of response.  

An immune response may be broadly distinguished into two extreme catagories, being a 

humoral or cell mediated immune responses (traditionally characterised by antibody and 

cellular effector mechanisms of protection respectively). These categories of response 

have been termed TH 1-type responses (cell-mediated response), and TH2-type immune 

responses (humoral response).  

Extreme THl -type immune responses may be characterised by the generation of antigen 

specific, haplotype restricted cytotoxic T lymphocytes, and natural killer cell responses.  

In mice TH1 -type responses are often characterised by the generation of antibodies of 

the IgG2a subtype, whilst in the human these correspond to IgG1 type antibodies. TH2

type immune responses are characterised by the generation of a broad range of 

immunoglobulin isotypes including in mice IgGl, IgA, and IgM.  
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It can be considered that the driving force behind the development of these two types of 

immune responses are cytokines. High levels of TH 1-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.  

The distinction of THI and TH2-type immune responses is not absolute. In reality an 

individual will support an immune response which is described as being predominantly 

THI 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, T.R. and Coffinan, R.L. (1989) THJ and TH2 cells: different 

patterns of lynphokine secretion lead to different functional properties. Annual Review 

oflinmunology, 7, p145-173). Traditionally, TH1-type responses are associated with 

the production of the INF-y and IL-2 cytokines by T-lymphocytes. Other cytokines often 

directly associated with the induction of 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 1L-4, IL-5, IL-6 and IL- 13.  

It is known that certain vaccine adjuvants are particularly suited to the stimulation of 

either TH1 or TH2 - type cytokine responses. Traditionally the best indicators 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 measurement of the IgG 1:IgG2a ratio 

of antigen specific antibody responses.  

Thus, a TH1 -type adjuvant is one which preferentially stimulates isolated T-cell 

populations to produce high levels of THI-type cytokines when re-stimulated with 

antigen in vitro, and promotes development of both CD8+ cytotoxic T lymphocytes and 

antigen specific immunoglobulin responses associated with THI-type isotype.  
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Adjuvants which are capable of preferential stimulation of the THI cell response are 

described in International Patent Application No. WO 94/00153 and WO 95/17209.  

3 De-O-acylated monophosphoryl lipid A (3D-MPL) is one such adjuvant. This is 

known from GB 2220211 (Ribi). Chemically it is a mixture of 3 De-O-acylated 

monophosphoryl lipid A with 4, 5 or 6 acylated chains and is manufactured by Ribi 

Immunochem, Montana. A preferred form of 3 De-O-acylated monophosphoryl lipid A 

is disclosed in European Patent 0 689 454 B1 (SmithKline Beecham Biologicals SA).  

Preferably, the particles of 3D-MPL are small enough to be sterile filtered through a 

0.22micron membrane (European Patent number 0 689 454).  

3D-MPL will be present in the range of 10 tg - 100 pg preferably 25-50ptg per dose 

wherein the antigen will typically be present in a range 2-50pLg per dose.  

Another preferred adjuvant comprises QS2 1, 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 an carrier.  

The method of production of QS21 is disclosed in US patent No. 5,057,540.  

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 THI stimulating adjuvants when formulated together with 

an antigen.  

Further adjuvants which are preferential stimulators of THI cell response include 

immunomodulatory oligonucleotides, for example unmethylated CpG sequences as 

disclosed in WO 96/02555.  
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Combinations of different THI stimulating adjuvants, such as those mentioned 

hereinabove, are also contemplated as providing an adjuvant which is a preferential 

stimulator of THI cell response. For example, QS21 can be formulated together with 

3D-MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10 : 1; 

preferably 1:5 to 5 : 1 and often substantially 1 : 1. The preferred range for optimal 

synergy is 2.5: 1 to 1 : 1 3D-MPL: QS21.  

Preferably a carrier is also present in the vaccine composition according to the 

invention. The carrier may be an oil in water emulsion, or an aluminium salt, such as 
aluminium phosphate or aluminium hydroxide.  

A preferred oil-in-water emulsion comprises a metabolisible oil, such as squalene, alpha 

tocopherol and Tween 80. In a particularly preferred aspect the antigens in the vaccine 
composition according to the invention are combined with QS21 and 3D-MPL in such 
an emulsion. Additionally the oil in water emulsion may contain span 85 and/or lecithin 
and/or tricaprylin.  

Typically for human administration QS21 and 3D-MPL will be present in a vaccine in 

the range of 1pg - 200ptg, such as 10-100tg, preferably 10 g - 50gg per dose.  

Typically the oil in water will comprise from 2 to 10% squalene, from 2 to 10% alpha 

tocopherol and from 0.3 to 3% tween 80. Preferably the ratio of squalene: alpha 

tocopherol is equal to or less than 1 as 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.  

Non-toxic oil in water emulsions preferably contain 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.  
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A particularly potent adjuvant formulation involving QS21, 3D-MPL and tocopherol in 

an oil in water emulsion is described in WO 95/17210.  

While the invention has been described with reference to certain BASB232 polypeptides 

and polynucleotides, it is to be understood that this covers fragments of the naturally 

occurring polypeptides and polynucleotides, and similar polypeptides and polynucleotides 

with additions, deletions or substitutions which do not substantially affect the 

immunogenic properties of the recombinant polypeptides or polynucleotides.  

Compositions, kits and administration 

In a further aspect of the invention there are provided compositions comprising a BASB232 

polynucleotide and/or a BASB232 polypeptide for administration to a cell or to a 

multicellular organism.  

The invention also relates to compositions comprising a polynucleotide and/or a 

polypeptides discussed herein or their agonists or antagonists. The polypeptides and 

polynucleotides of the invention maybe employed in combination 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 further relates to diagnostic and pharmaceutical packs and kits comprising 

one or more containers filled with 1, 2, 3, 4 or 5 of the ingredients of the aforementioned 

compositions of the invention.  

Polypeptides, polynucleotides and other compounds of the invention may be employed 

alone or in conjunction with other compounds, such as therapeutic compounds.  
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The pharmaceutical compositions may be administered in any effective, convenient manner 

including, for instance, administration by topical, oral, anal, vaginal, intravenous, 

intraperitoneal, intramuscular, subcutaneous, intranasal or intradermal routes among others.  

In therapy or as a prophylactic, the active agent may be administered to an individual as 

an injectable composition, for example as a sterile aqueous dispersion, preferably isotonic.  

In a further aspect, the present invention provides for pharmaceutical compositions 

comprising a therapeutically effective amount of a polypeptide and/or polynucleotide, such 

as the soluble form of a polypeptide and/or polynucleotide of the present invention, agonist 

or antagonist peptide or small molecule compound, in combination with a pharmaceutically 

acceptable carrier or excipient. Such carriers include, but are not limited to, saline, buffered 

saline, dextrose, water, glycerol, ethanol, and combinations thereof. The invention further 

relates to pharmaceutical packs and kits comprising one or more containers filled with one 

or more of the ingredients of the aforementioned compositions of the invention.  

Polypeptides, polynucleotides and other compounds of the present invention may be 

employed alone or in conjunction with other compounds, such as therapeutic compounds.  

The composition will be adapted to the route of administration, for instance by a systemic or 

an oral route. Preferred forms of systemic administration include injection, typically by 

intravenous injection. Other injection routes, such as subcutaneous, intramuscular, or 

intraperitoneal, can be used. Alternative means for systemic administration 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.  

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 
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mg/kg. The physician in any event will determine the actual dosage which will be most 

suitable for an individual 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.  

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 ptg/kg of 

subject.  

A vaccine composition is conveniently in injectable form. Conventional adjuvants may be 

employed to enhance the immune response. A suitable unit dose for vaccination is 0.5-5 

microgram/kg of antigen, and such dose is preferably administered 1-3 times and with an 

interval of 1-3 weeks. With the indicated dose range, no adverse toxicological effects will 

be observed with the compounds of the invention which would preclude their 

administration to suitable individuals.  

Wide variations in the needed dosage, however, are to be expected in view of the variety of 

compounds available and the differing efficiencies of various routes of administration. For 

example, oral administration would be expected to require higher dosages than 

administration by intravenous injection. Variations in these dosage levels can be adjusted 

using standard empirical routines for optimization, as is well understood in the art.  

Sequence Daiabases, Sequences in a Tangible Medium, and Algorithms 

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 
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structure program or to search a sequence database using well known searching tools, such 

as the GCG program package.  

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 similarity analysis, DNA, RNA and protein structure analysis, sequence 

assembly, cladistic analysis, sequence motif analysis, open reading frame determination, 

nucleic acid base calling, codon usage analysis, nucleic acid base trimming, and 

sequencing chromatogram peak analysis.  

A computer based method is provided for performing homology identification. This 

method comprises the steps of: providing a first polynucleotide sequence comprising the 

sequence of a polynucleotide of the invention in a computer readable medium; and 

comparing said first polynucleotide sequence to at least one second polynucleotide or 

polypeptide sequence to identify homology.  

A computer based method is also provided for performing homology identification, said 

method comprising the steps of: providing a first polypeptide sequence comprising the 

sequence of a polypeptide of the invention in a computer readable medium; and 

comparing said first polypeptide sequence to at least one second polynucleotide or 

polypeptide sequence to identify homology.  

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 

application to which this application claims priority is also incorporated by reference 

herein in its entirety in the manner described above for publications and references.  
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DEFINITIONS 

"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 

polypeptide 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 (Computational Molecular 

Biology, Lesk, A.M., ed., Oxford University Press, New York, 1988; Biocoinputing: 

Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993; 

Computer Analysis of Sequence Data, Part I, Griffin, A.M., and Griffin, H.G., eds., 

Humana Press, New Jersey, 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. Computer program methods to 

determine identity between two sequences include, but are not limited to, the GAP 

program in the GCG program package (Devereux, J., et al., Nucleic Acids Research 12(1): 

387 (1984)), BLASTP, BLASTN (Altschul, S.F. et al., J Molec. Biol. 215: 403-410 

(1990), and FASTA( Pearson and Lipman Proc. Natl. Acad. Sci. USA 85; 2444-2448 

(1988). The BLAST family of programs is publicly available from NCBI and other 

sources (BLAST Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, MD 20894; 

Altschul, S., et al., J. Mol. Biol. 215: 403-410 (1990). The well known Smith Waterman 

algorithm may also be used to determine identity.  

Parameters for polypeptide sequence comparison include the following: 

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

Comparison matrix: BLOSSUM62 from Henikoff and Henikoff, 

Proc. Natl. Acad. Sci. USA. 89:10915-10919 (1992) 
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Gap Penalty: 8 

Gap Length Penalty: 2 

A program useful with these parameters is publicly available as the "gap" program from 

Genetics Computer Group, Madison WI. The aforementioned parameters are the default 

parameters for peptide comparisons (along with no penalty for end gaps).  

Parameters for polynucleotide comparison include the following: 

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

Comparison matrix: matches =+10, mismatch = 0 

Gap Penalty: 50 

Gap Length Penalty: 3 

Available as: The "gap" program from Genetics Computer Group, Madison WL. These 

are the default parameters for nucleic acid comparisons.  

A preferred meaning for "identity" for polynucleotides and polypeptides, as the case may 

be, are provided in (1) and (2) below.  

(1) Polynucleotide embodiments further include an isolated polynucleotide 

comprising a polynucleotide sequence having at least a 50, 60, 70, 80, 85, 90, 95, 97 or 

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 nucleotides in the reference sequence or in one or more 

contiguous groups within the reference sequence, and wherein said number of nucleotide 

alterations is determined by multiplying the total number of nucleotides in SEQ ID NO: 1 
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by the integer defining the percent identity divided by 100 and then subtracting that 

product from said total number of nucleotides in SEQ ID NO:1, or: 

un : Xn - (Xn * y 

wherein nn is the number of nucleotide alterations, xn 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 xn and y is rounded 

down to the nearest integer prior to subtracting it from xn. 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 following such alterations.  

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 terminal positions, interspersed either individually 

among the nucleic acids in the reference sequence or in one or more contiguous groups 

within the reference sequence. The number of nucleic acid alterations for a given percent 

identity is determined by multiplying the total number of nucleic acids in SEQ ID NO: 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: 

Hn Xn - (xn *Y) 
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wherein nn is the number of nucleic acid alterations, xn 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 xn 

and y is rounded down to the nearest integer prior to subtracting it from xn.  

(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 polypeptide 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, 

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 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: 

na Xa - (xa * Y), 

wherein na is the number of amino acid alterations, xa 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 xa and y is rounded 

down to the nearest integer prior to subtracting it from xa.  
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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 

alterations 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 individually 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: 

na Xa - (Xa *y), 

wherein na is the number of amino acid alterations, Xa 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 o is 

the symbol for the multiplication operator, and wherein any non-integer product of xa and 

y is rounded down to the nearest integer prior to subtracting it from xa

The terms "comprising", "comprise" and "comprises" herein is intended by the inventors to 

be optionally substitutable with the terms "consisting of, "consist of', and "consists of', 

respectively, in every instance.  

"Immunogenic composition" in the context of a polynucleotide means that when the 

polynucleotide is introduced into a host and protein is expresssed from that 

polynucleotide, the expressed protein is immunogenic.  
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"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.  

"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.  

"Polynucleotide(s)" generally refers to any polyribonucleotide or polydeoxyribonucleotide, 

which may be unmodified RNA or DNA or modified RNA or DNA including single and 

double-stranded regions.  

"Toxin" preferably includes a toxoid form of the toxin.  

"Variant" refers to a polynucleotide or polypeptide that differs from a reference 

polynucleotide or polypeptide, but retains essential properties. A typical variant of a 

polynucleotide 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 polynucleotide. 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 overall and, in many regions, identical.  

A variant and reference polypeptide may differ in amino acid sequence by one or more 
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substitutions, additions, deletions in any combination. 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.  

"Disease(s)" means any disease caused by or related to infection by a bacteria, including, 
for example, otitis media in infants and children, pneumonia in elderlies, sinusitis, 

nosocomial infections and invasive diseases, chronic otitis media with hearing loss, fluid 

accumulation in the middle ear, auditive nerve damage, delayed speech learning, infection 

of the upper respiratory tract and inflammation of the middle ear.  
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EXAMPLES: 

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: Cloning of the BASB232 genes B. pertussis strain Tohama I.  

Genomic DNA is extracted from the B. pertussis strain Tohama I from 1010 bacterial 
cells using the QIAGEN genomic DNA extraction kit (Qiagen Gmbh). This material 
(1tg) is then submitted to Polymerase Chain Reaction DNA amplification using two 
specific primers. A DNA fragment is obtained, digested by the suitable restriction 
endonucleases and inserted into the compatible sites of the pET cloning/expression 
vector (Novagen) using standard molecular biology techniques (Molecular Cloning, a 
Laboratory Manual, Second Edition, Eds: Sambrook, Fritsch & Maniatis, Cold Spring 
Harbor press 1989). Recombinant pET-BASB232 is 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.  

Example 2: Expression and purification of recombinant BASB232 proteins in 
Escherichia coli.  

The construction of the pET-BASB232 cloning/expression vector is described in Example 
1. This vector harbours the BASB232 gene isolated from Bordetella pertussis strain 
Tohama I in fusion with a stretch of 6 Histidine residues, placed under the control of the 
strong bacteriophage T7 gene 10 promoter. For expression study, this vector is introduced 
into the Escherichia coli strain Novablue (DE3) (Novagen), in which, the gene for the T7 
polymerase is placed under the control of the isopropyl-beta-D thiogalactoside (IPTG)
regulatable lac promoter. Liquid cultures (100 ml) of the Novablue (DE3) [pET
BASB232] E. coli recombinant strain are grown at 37'C under agitation until the optical 
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density at 600nm (OD600) reached 0.6. At that time-point, IPTG is added at a final 

concentration of 1mM and the culture is grown for 4 additional hours. The culture is then 

centrifuged at 10,000 rpm and the pellet is frozen at -20 C for at least 10 hours. After 

thawing, the pellet is resuspended during 30 min at 250C in buffer A (6M guanidine 

hydrochloride, 0.1M NaH2PO4, 0.01M Tris, pH 8.0), passed three-times through a needle 

and clarified by centrifugation (20000rpm, 15 min). The sample is then loaded at a flow

rate of 1ml/min on a Ni2+ -loaded Hitrap column (Pharmacia Biotech). After passsage of 

the flowthrough, the column is washed succesively with 40ml of buffer B (8M Urea, 

0.1MNaH2PO4, 0.01M Tris, pH 8.0), 40ml of buffer C (8M Urea, 0.lMNaH2PO4, 

0.01M Tris, pH 6.3). The recombinant protein BASB232/His6 is then eluted from the 

column with 3Omal of buffer D (8M Urea, 0.1MNaH2P04, 0.01M Tris, pH 6.3) containing 

500mM of imidazole and 3ml-size fractions are collected. Highly enriched 

BASB232/His6 protein can be eluted from the column. This polypeptide is detected by a 

mouse monoclonal antibody raised against the 5-histidine motif. Moreover, the denatured, 

recombinant BASB232-His6 protein is solubilized in a solution devoid of urea. For this 

purpose, denatured BASB232-His6 contained in 8M urea is extensively dialyzed (2 hours) 

against buffer R (NaCi 150mM, 10mM NaH2PO4, Arginine 0.5M pH6.8) containing 

successively 6M, 4M, 2M and no urea. Alternatively, this polypeptide is purified under 

non-denaturing conditions using protocoles described in the Quiexpresssionist booklet 

(Qiagen Gmbh).  

Example 3: Production of Antisera to Recombinants BASB232 

Polyvalent antisera directed against the BASB232 protein are generated by vaccinating 

rabbits with the purified recombinant BASB232 protein. Polyvalent antisera directed 

against the BASB232 protein are also generated by vaccinating mice with the purified 

recombinant BASB232 protein. Animals are bled prior to the first immunization ("pre

bleed") and after the last immunization.  
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Anti-BASB232 protein titers are measured by an ELISA using purified recombinant 
BASB232 protein as the coating antigen. The titer is defined as mid-point titers 
calculated by 4-parameter logistic model using the XL Fit software.The antisera are also 
used as the first antibody to identify the protein in a western blot as described in 
example 5 below.  

Example 4: Immunological characterization: Surface exposure of BASB232 
Anti-BASB232 proteins titres are determined by an ELISA using formalin-killed whole 
cells of Bordetella pertussis (B.pertussis). The titer is defined as mid-point titers 
calculated by 4-parameter logistic model using the XL Fit software.  

Example 5. Immunological Characterisation: Western Blot Analysis 

Several strains of B.pertussis, as well as clinical isolates, are grown on Bordet Gengou 
agar plates for 24 hours at 36'C and 5% CO2. Several colonies are used to inoculate 
Tryptic Soy Agar (TSA) broth supplemented by NAD and hemin, each at 10 pg/ml.  
Cultures are grown until the absorbance at 620nm is approximately 0.4 and cells are 
collected by centrifugation. Cells are then concentrated and solubilized in PAGE 
sample buffer. The solubilized cells are then resolved on 4-20% polyacrylamide gels 
and the separated proteins are electrophoretically transferred to PVDF membranes. The 
PVDF membranes are then pretreated with saturation buffer. All subsequent 
incubations are carried out using this pretreatment buffer.  

PVDF membranes are incubated with preimmune serum and rabbit or mouse immune 
serum. PVDF membranes are then washed.  

PVDF membranes are incubated with biotin-labeled sheep anti-rabbit or mouse Ig.  
PVDF membranes are then washed 3 times with wash buffer, and incubated with 
streptavidin-peroxydase. PVDF membranes are then washed 3 times with wash buffer 
and developed with 4-chloro-1-naphtol.  
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Example 6: Presence of Antibody to BASB232 in Human Convalescent Sera 

Western blot analysis of purified recombinant BASB232 is performed as described in 
Example 5 above, except that a pool of human sera from children infected by 
B.pertussis is used as the first antibody preparation.  

Example 7: Efficacy of BASB232 vaccine: enhancement of lung clearance of 
B.pertussis in mice.  

This mouse model is based on the analysis of the lung invasion by B.pertussis following 
a standard intranasal challenge to vaccinated mice.  

Groups of mice are immunized with BASB232 vaccine. After the booster, the mice are 
challenged by instillation of bacterial suspension into the nostril under anaesthesia.  

Mice are killed between 30 minutes as well as 2, 5 and 8 days after challenge and the 

lungs are removed aseptically and homogenized individually. The log10 weighted mean 
number of CFU/lung is determined by counting the colonies grown on agar plates after 
plating of dilutions of the homogenate. The arithmetic mean of the log1O weighted 

mean number of CFU/lung and the standard deviations are calculated for each group.  
Results are analysed statistically.  

In this experiment groups of mice are immunized either with BASB232 or with a killed 
whole cells (kwc) preparation of B.pertussis or sham immunized.  

Example 8: Useful Epitopes 

The B-cell epitopes of a protein are mainly localized at its surface. To predict B-cell 
epitopes of BASB232 polypeptides two methods were combined: 2D-structure 

prediction and antigenic index prediction. The 2D-structure prediction was made using 
the PSIPRED program (from David Jones, Brunel Bioinformatics Group, Dept. Biological 

Sciences, Brunel University, Uxbridge UB8 3PH, UK). The antigenic index was 
calculated on the basis of the method described by Jameson and Wolf (CABIOS 4:181
186 [1988]). The parameters used in this program are the antigenic index and the 

minimal length for an antigenic peptide. An antigenic index of 0.9 for a minimum of 5 
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consecutive amino acids was used as threshold in the program. Peptides comprising 

good, potential B-cell epitopes are listed in table 5. These can be useful (preferably 

conjugated or recombinantly joined to a larger protein) in a vaccine composition for the 

prevention of Bordetella infections, as could similar peptides comprising conservative 

mutations (preferably 70, 80, 95, 99 or 100% identical to the sequences of table 5) or 

truncates comprising 5 or more (e.g. 6, 7, 8, 9, 10, 11 or 12) amino acids therefrom or 

extensions comprising e. g. 1, 2, 3, 5, 10 further amino acids at either or both ends from 

the native context of BASB232 polypeptides which preserve an effective epitope which 

can elicit an immune response in a host against the BASB232 polypeptides.  

Table 5: Potential B-cell epitopes from SEQ ID NO:34 
Position Sequence 
56 QDAGQEGEF 
84 DDDPDELGE 
106 EHKNPMS 
236 PGFPPPPPPLP 
265 GQDGK 
339 DGANT 
381 TLRQTRI 
404 PQSGSG 
538 DGNKPL 
579 ADSRVQD 
599 APEASY 
628 QNDQL 
636 GRADGQ 
653 ADSRGA 
692 AEDPKT 
753 TFSERQQISNRH 
766 RAYDQT 
785 ASGGRW 
800 YADRTYPGDGGG 
839 GRYDQQY 
858 DYRTSG 
869 EGGRRF 
893 TSGKRYRASN 
944 QEFKSTGDVRTNG 
962 AGRHGR 
1004 AGYRYSF 

The T-helper cell epitopes are peptides bound to HLA class II molecules and recognized 

by T-helper cells. The prediction of useful T-helper cell epitopes of BASB232 

polypeptides was based on the TEPITOPE method describe by Sturniolo at al. (Nature 

Biotech. 17: 555-561 [1999]). Peptides comprising good, potential T-cell epitopes are 
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listed in table 6. These can be useful (preferably conjugated to peptides, polypeptides or 

polysaccharides) for vaccine purposes, as could similar peptides comprising 

conservative mutations (preferably 70, 80, 95, 99 or 100% identical to the sequences 

below) or truncates comprising 5 or more (e.g. 6, 7, 8, 9, 10, 11, 12, 14, 16, 18 or 20) 

amino acids therefrom or extensions comprising e. g. 1, 2, 3, 5, 10 further amino acids 

at either or both ends from the native context of BASB232 polypeptides which preserve 

an effective T-helper epitope from BASB232 polypeptides.  

Table 6: Potential T-helper cell epitopes from SEQ ID NO:34 

Position Sequence 
20 WRLHALAAALA 
34 MARLAPAAA 
105 VEHKNPMSK 
118 VRVSGAGRA 
144 VVRRGGTLELDGVTVA 
164 MEPMTVSDA 
192 LVRAAQGGQ 
208 LQSILGPALIADGGSIS 
270 VTLREVALRAHGPQAT 
287 VYAYMPGSEI 
298 LQGGTVSVQ 
329 VRLDGTTVS 
347 LVRGDAARAEVVNTVLRTAKSLAA 
380 VTLRQTRIE 
420 ITTTGNRAA 
444 VRAEGSGSS 
461 LVVSAGSLAS 
483 LKLMPGALASS 
497 VRLTDGATA 
513 LQQHSTIPV 
535 IVADGNKPL 
563 VLQSATLGK 
576 VVNADSRVQD 
586 MSMRGGRVEFQAPAPE 
609 LQTLDGNGVFVLNTNVAA 
644 VLVRNAGGEA 
660 LGLVHTQGQ 
673 FRLANVGKAVD 
687 WRYSLAEDP 
699 VWSLQRAGQALS 
725 IALAESNAL 
740 LRLRADAGGPWARTFSERQ 
824 YVGDGGYYLDTVLRLGRYDQ 
845 YNIAGTDGG 
859 YRTSGAAWS 
888 VMLWRTSGKRYASNGLRV 
915 LGRLGLRFGRRIALAG 
934 VQPYARLGW 
952 VRTNGIGHA 
996 INIPWSFHA 
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The same analyses (B-cell epitopes prediction and T-helper cell epitopes prediction) 

could be done for each BASB232 polypeptide sequence comprised in SEQ Group 2.  

Example 9: Expression of BrkA 

BrkA is a 1010 amino acid protein. A pET3 Ob expression vector containing amino 

acids 60-702 of BrkA, fused at the C and N-terminal to a 6x-His tag was used to 

express BrkA in E. coli. The bacteria were grown to an OD600 of approximately 0.6 
and induced with 1mM IPTG for 2 hours. Recombinant BrkA was purified under 

denaturing conditions using the protocol in the Xpress System Protein Purification 

manual (Invitrogen, Carlsbad, CA). The bacteria were lysed in 6M guanidine 

hydrochloride and the lysate was applied to to Ni2+ -nitrilotriacetic acid agarose 

(Qiagen, Mississauga, Ont.). After successive washes in 8M urea of decreasing pH, 
purified BrkA was eluted at pH 4 and the fractions were pooled. The urea was 

removed by slow dialysis at 4 'C against 10mM Tris, pH 8.0 in the presence of 0.1% 
Triton X-100.  

The purified protein was refolded so that it has a beta-structure resembling PRN 

(monitored by CD) and was functional in a serum assay. The protein was filter sterilized 

and is diluted in 10mM Tris buffer, pH 8 at a concentration of approximately 0.4mg/ml.  

Example 10: Formulation of vaccines 

Six vaccines were formulated: 

1. DTPaO18A2 - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT and 6.25ug FHA per 

mouse dose. All antigens were adsorbed separately onto Al(OH)3 before 

combining.  

2. DTPa14885B9 - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT, 6.25ug FHA and 2ug 

pertactin per mouse dose. . All antigens were adsorbed separately onto Al(OH)3 
before combining.  
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3. DTPwl3l26A9 - contains 6.25Lf DT, 2.5Lf TT and I I.U.whole cell B. pertussis 

per mouse dose. All antigens were adsorbed separately onto Al(OH)3 before 

combining.  

4. DTBrkA - contains 6.25Lf DT, 2.5Lf TT and 2.5ug BrkA per mouse dose. All 

antigens were adsorbed separately onto Al(OH)3 before combining.  

5. DTPa-2 BrkA - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT, 6.25ug FHA and 2.5ug 

BrkA per mouse dose. . All antigens were adsorbed separately onto Al(OH)3 

before combining.  

6. DTPa-3 BrkA - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT, 6.25ug FHA, 2ug 

pertactin and 2.5ug BrkA per mouse dose. All antigens were adsorbed separately 

onto Al(OH)3 before combining.  

Example 11: Protection against lung invasion by B. pertussis in an animal model 

Groups of 20 BALB/c mice (females, 5 weeks old) were immunized subcutaneously 

with % of a human dose (125 pl of vaccine) and were boosted 3 weeks later. One week 

after the booster, a sample of blood was collected from each mouse for antibody 

determination. The mice were then challenged by instillation of 50 pl of bacterial 

suspension (+/- 5 106 CFU/50 pl) into the left nostril under ether anesthesia. Five mice 

in each group were killed at 4 different times (2 hours, 2, 5 and 8 days) after challenge 

and the lungs were removed aseptically and homogenized individually. The logl0 

weighted mean number of CFU/lung was determined by counting the colonies grown 

on Bordet-Gengou agar plates after plating of 100 pl of 4 serial dilutions of the 

homogenate. The arithmetic mean of the loglO weighted mean number of CFU/lung 

and the standard deviation were calculated for each group and each time point.  

Three experiments were performed. The same vaccine groups were included in each 

experiment but animals were either challenged with B. pertussis strain Tohama, B.  

pertussis strain 18323 or B. parapertussis.  
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The day before challenge, blood was collected from each mouse. The anti-PT, anti

FHA, anti-PRN and anti-BrkA antibody levels were determined by ELISA. The 

geometry mean titre for each group of mice was calculated.  

Example 12: B. pertussis strain Tohama challenge 

In one experiment immunized mice were challenged with B. pertussis strain Tohama.  

The number of CFU/lung at each timepoint after challenge and for each group is 

summarized in the figure 1. The experiment had low variability with the data having a 

mean square error of is 0.450.  

Statistical analysis of the data using ANOVA1 was used to assess the data. No 

significant differnece was seen beween the protection against B. pertussis offered by 

DTBrkA conpared to control, indicating that immunisation with BrkA alone is 

insufficient to elicit protection. In contrast, the addition of BrkA to a DTPa-2 vaccine 

produced a statistically significant increase in protection showing that, in combination 

with PT and FHA, BrkA can produce additional protection. The level of protection 

conferred by DTPa-2 BrkA was statistically slightly less than that conferred by DTPa

3 which conferred protection statistically equivalent to DTPw. The DTPa-3 BrkA 

vaccine provided excellent protection from challenge after 2 and 5 days but less 

protection after day 8.  

Example 13: B. pertussis strain 18323 challenge 

In this experiment, immunized mice were challenged with B. pertussis strain 18323.  

The number of CFU/lung at each timepoint after challenge and for each group is 

summarized in figure 2. The experiment showed low variability with the mean square 

error of the experiment being 0.402. Statistical analysis using ANOVAl showed that 

again DTBrkA did not provide an significant protection over the control. However, 

DTPa-2 BrkA provided better protection than DTPa, showing that BrkA, in 
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combination with other B. pertussis antigens gives additional protection. The 

protection achieved by vaccination with DTPa-2 BrkAj, against challenge with B.  

pertussis strain 18323, was statistically equivalent to that provided by DTPa-3, DTPa

3 BrkA and DTPw.  

Example 14: Comparison of protection against B. pertussis and B. parapertussis 

in mice vaccinated with DTPw or DTPa 

Groups of 25 or 30 BALB/c mice (females, 5 weeks old) were immunized 

subcutaneously with / of a human dose of DT, DTPa or DTPw from different sources 

(125 1A of vaccine) and were boosted 3 weeks later. The sources of DTPw were Triple 

antigen (CSL), Tri-immune (Lederle), Pentacoq (MSD), Combivax (Behring), Infanrix 

(SB), DKTP (RVM), DTPw (Connaght) and Trivax (Wellcome). The sources of DTPa 

were Infanrix (SB), Triacel (PMCS), DI-TE-KIK (Amvax), Acell-immune (Lederle), 

Tropedia (Biken), Tricelluvax (Biocine/Chiron), Pentavac (PM-MSD) and DTPa-2 

(SB). One or two weeks after the booster, a sample of blood was collected from each 

mouse for antibody detennination. The mice were then challenged by instillation of 50 

pl of bacterial suspension (+/- 5 106 CFU/50 pd) into the left nostril under anaesthesia.  

Five mice in each group were killed at 5 or 6 different times (ranging from 2 hours to 

14 days) after challenge and the lungs were removed aseptically and homogenized 

individually. The logl0 weighted mean number of CFU/lung was determined by 

counting the colonies grown on Bordet-Gengou agar plates after plating of 100 pl of 4 

serial dilutions of the homogenate. The arithmetic mean of the log10 weighted mean 

number of CFU/lung and the standard deviation were calculated for each group and 

each time point.  

The day before challenge, blood was collected from each mouse for determination of 

the anti-PT, anti-FHA and anti-PRN antibody levels by ELISA. The geomean titre for 

each group of mice was calculated.  

Results were analysed statistically by applying 1-way and 2-way ANOVA after 

assuming equality of variance (checked by Brown and Forsythe's test) and normality 
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(checked using the Shapiro-Wilk test). Differences between groups were analysed 

using the Dunnet test, Tukey's studentised range test (HSD) and Student-Newman

Keuls test.  

Results are shown in figure 3, and show that the DTPw vaccines induced good lung 

clearance of B. pertussis and B. parapertussis. However, DTPa vaccines induced 

strong lung clearance of B. pertussis but only limited clearance of B. parapertussis.  

This experiment demonstrates that antigens present in the DTPw vaccine and absent 

from the DTPa vaccine are protective against parapertussis. Moreover, the antigens 

present in the DTPa vaccine, specifically FHA and pertactin, may display antigenic 

variability when compared to the corresponding parapertussis antigens.  

Example 15: Protection against B. parapertussis by immunization with DTPw 

Protection against a B. parapertussis challenge in the mouse lung clearance model can 
be obtained by active immunization with a DTPw vaccine (composed of B. pertussis 
killed whole cells).  

In this experiment mice were immunnized twice (day 0 and 21) with 1/4 human dose of 
DTPw vaccine and were intranasally challenged with B. parapertussis on day 28.  
Protection was measured by counting B. parapertussis in the lungs 0 (2 hours), 2, 5 and 
8 days after challenge.  

The results shown in Figure 15A demonstrate that immunization with DTPw resulted in 
a large decrease in the number of B. parapertussis present in the lung, compared to 
control mice.  

As shown in Figure 15B, protection against B. parapertussis can also be obtained after 
passive immunization using an anti-DTPw serum. In this case, 500 gL of anti-Pw serum 
or normal mice serum was injected intraperitoneally to mice 20 hours before intranasal 
challenge with B. parapertussis. Bacteria remaining in the lungs were assessed 0, 1, 2, 5 
and 8 days after challenge.  
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As shown in Figure 15B, passive immunization with antisera against DTPw resulted in 
a sizeable reducetion in the number of B. parapertussis in the lungs of mice compared 
to the control group.  

Protection observed against B. parapertussis after active and also passive immunization 

with a DTPw vaccine containing B. pertussis killed whole cells suggests that cross

protective epitopes exist between the two strains.  

Example 16: Identification of cross-protective Bordetella antigens 

Materials and Methods 

Outer membrane protein samples 
B. parapertussis outer membrane proteins (OMPs) samples were isolated from 
ATCC15237, using the protocol described in If. Imm. 1998, 66(8), 3597. This 
provided B. parapertussis OMPs at around 64 pg/ml, 

Gel electrophoresis (SDS-PA GE) 
Four aliquots of (ca. 13 gg each) of OMPs sample were pooled and evaporated to 
dryness under vacuum. The residue was solubilised in 100 p1 of 0.1% w/v n
octylglucoside in water. The sample was reduced by the addition of 10 pl of 200 mM 
tributylphosphine and alkylated with 5 pl of 2-vinylpyridine. The reaction was 
performed at 4C for 4 hours. The mixture was then precipitated and washed with the 
Amersham SDS-PAGE clean-up kit. The complete sample (36 [d) was then dissolved 
with the SDS-PAGE sample buffer (36 [1) and reductant (7 L1) provided with the Bio
Rad Criterion XT gels. 64 pl of water were added and the mixture was heated at 95 0C 
for 5 min.  
Two gels with lanes loaded with 14p (ca. 5pg) of sample each, were run using a MES 
(2-morpholinethanesulfonic acid) running buffer to provide resolution for the small size 
range. Two other gels, also with lanes loaded with 14 pl of sample each, were run using 
MOPS (3-[N-morpholino] propanesulfonic acid) for resolution of the heaviest proteins.  
For each gel, on each side of the sample lanes, prestained and unstained standards 
(BioLabs cat no. P7708S and Bio-Rad cat no. 161-0317) were co-electrofocused as gel 
and Western alignment guides, respectively.  
Gels were stained with the EZBlue Coomassie G250 colloidal reagent (Sigma).  

Western blotting 
Immediately following gel electrophoresis, for each running buffer used, one gel was 
electroblotted onto a nitrocellulose membrane (Hybond ECL, Amersham), using a 
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transfer buffer of 25 mM Tris, 192 mM glycine, 0.01% w/v SDS and 20% v/v methanol 
at 40C with a voltage of 100 V for 1 to 1.5 hour. Transfer was accomplished using the 
Trans-Blot Cell wet system from Bio-Rad.  
Electroblotted proteins were revealed by pool of mouse sera raised against B. pertussis 
(aDTPw), produced as described in Example 15, followed as secondary antibody by 
alkaline phosphatase-conjugate goat anti-mouse IgG/IgM. Western immunoblots were 
visualised using AP chromogen kit nitro-blue tetrazolium (NBT)/ 5-bromo-4-chloro-3
indoyl phosphate potassium salt (BCIP) from Promega.  

Gel and Western blot matching 
Immunoactive bands on the Western blot membrane were matched to the corresponding 
Coomassie stained gel band by alignment after re-sizing of the molecular weight 
markers present on the scanned images.  

In-gel digestion and peptide extraction 
The bands were excised and cut into pieces (ca. 1 mm3). They were then transferred to 
500 pl Protein Low Bind eppendorf tube. The gel pieces were washed three times with 
300 pd of 50% v/v methanol and 5% v/v acetic acid in water for 15 min, followed by 
300 il of 100 mM ammonium bicarbonate for 5 min. Gel pieces were shrunken in 300 
pl of acetonitrile for 5 min and dried under vacuum in a Speedvac evaporator for 5 min.  
The dried gel pieces were re-swollen in 100 pl of 5mM tributylphosphine, 100 mM 2
vinylpyridine and 100 mM ammonium bicarbonate at 4 'C for 1 hour. The supernatant 
was discarded.  
The gel pieces were washed with 300 ptl of 100 mM ammonium bicarbonate for 5 min 
and shrunken in 300 ptl of acetonitrile for 5 min. That step was repeated two times. The 
gel pieces were dried under vacuum in a Speed vac evaporator for 5 min.  
In-gel digestion was performed overnight by the addition of 50 pl of a solution of native 
Bovin trypsin (100 mM ammonium bicarbonate, 5 mM CaCl2, 0.01% w/v n-octyl 
glucoside). The proteolytic peptide products were extracted by sonication in 5% formic 
acid and acetonitrile. The combined extracts were then reduced to approximately 20 [d 
by vacuum evaporation.  

Mass spectrometry 
Band digests were analysed by nanoLC-MS/MS using a Micromass QTof-2 tandem mass 

spectrometer (Micromass) operated by the Masslynx data system (Micromass). The Q-Tof 

was operated in survey-scan mode using a 1-s MS survey scan, from 400 to 1500 Da, 

followed by 1-s MS/MS scans on eight different precursor ions, from 50 to 2000 Da.  

MS/MS spectrum acquisition was allowed for up to a total of 4s on each precursor ion or 

107



WO 2005/032584 PCT/EP2004/011082 

stopped when the signal intensity fell below 3 counts/second. Precursors were excluded 

from any further MS/MS experiment for 200 sec. Only doubly and triply charged ions 

were selected as precursors for MS/MS. The cone voltage was of 35 V. The collision 

energy was adjusted according to the charge state and the mass of the precursor ion. The 

mass spectrometer was fitted with a nanospray SilicaTip emitter (New Objective). It was 

tuned to reach a resolution (fwhm) between 6000 and 8000 at m/z 432.9 (angiotensin).  

The capillary voltage was set between 2000 and 2700 V. The source temperature was 100 

*C.  

The HPLC system was a CapLC (Micromass) using a ten port-valve enabling on-line 
desalting. The trapping cartridge was a C18 Symnetry (5 x 0.3 mm - 5 tm - 300 A) 
(Waters) operated at 10 pl/min with 1% v/v methanol and 0.1% TFA v/v in water. After 
8 min the ten-port valve was switched. The analytical columns were Atlantis C18 (150 x 
0.075 mm - 3 gm - 100 A) (Waters). They were operated at 250 nl/min at room 
temperature. An AB gradient was run from 5 to 40% B in 30 min. The eluent A was 
0.1% v/v formic acid and 2% v/v acetonitrile in water. The eluent B was 0.1% v/v 
formic acid and 5% v/v water in acetonitrile. The equilibrium time after gradient elution 
was of 20 min.  

Protein sequence database search 
Peak masses extracted from electrospray MS/MS spectra using the PeptideAuto macro 
were used for protein identification using Mascot 1.9 software (Matrix Science). The 
interrogation was performed against the protein sequence database of Bordetella 
parapertussis strain 12822 (4185 sequence entries) downloaded from the Sanger 
Institute web site (http://www.sanger.ac.uk). The mass tolerances allowed on the 
precursor and fragment ions were of 0.25 Da. Only proteins for which three trypsic 
peptides were identified were taken into account.  

RESULTS 

The alignment of the Western blots and the corresponding Coomassie-stained 

gels for the two running buffer systems used are displayed in Figures 5 and 6. B.  

parapertussis OMP gel bands detected by Western blotting using sera raised against B.  

pertussis (DTPw) were excised from the gel. Trypsin was added and peptides were 

eluted out of the gel bands as described in the Materials and Methods section. Trypsic 

peptides of each bands were chromatographied by nanoLC and sequenced by MS/MS.  

108



WO 2005/032584 PCT/EP2004/011082 

MS/MS sequence data were used to search against the B. parapertussis protein sequence 

database. Hits were manually evaluated for their scores, ion intensity and number of 

matched trypsic peptides. Gel bands identification are summarised in Table 7.  

For 6 MOPS gel bands and their MES equivalents , four membrane proteins 

were identified: 

i) bands #8 (MOPS) and #14 (MES): autotransporter (BPP0452 gene); 
ii) bands #9 (MOPS) and #15 (MES): TonB-dependent receptor for iron transport 

(BPP3376 or BFRD gene); 
iii) bands #12 (MOPS): outer membrane porin protein (BPP3392 gene); 
iv) bands #13 (MOPS) and #18 (MES): outer membrane protein A (BPP3135 or 

OMPA gene).  

The identification of the autotransporter protein (BPP0452 - Theor. MW = 177 

kDa) in gel bands at approximately 60 kDa could be tentatively assigned to a proteolytic 

fragment or to other autotransporter proteins displaying a high level of homology. This 

protein is the B. parapertussis homologue of SEQ ID No: 50, sharing 94% identity.  

The TonB-dependent receptor for iron transport (BPP3376) is the B.  

parapertussis homologue of SEQ ID No: 14, sharing 98% identity.  

A cytoplasmic chaperonin protein was identified for the gel bands #10 (MPOS) 

and #16 (MES) that could be associated to a contamination of the outer membrane 

fraction during the sample processing.  

CONCLUSION 

The method identified several antigens which generate an immune response which is 
crossreactive between B. pertussis and B. parapertussis. The proteins encloded by SEQ 
ID NO: 50, 100, 14, 106, 108, 110, 102 and 104 are such proteins. The identified 
proteins isolated from either B. pertussis or B. parapertussis could be usefully 
incorporated into an acellular vaccine to provide protection against both B. pertussis and 
B. parapertussis disease.  
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Gel band Hit # (Scorea) Protein description (Theor. MW in Da) Nb peptides Gene 

(running buffer) matched 

1 (821) autotransporter (176978) 15 BPP0452 

#8 (MOPS) 

2 (55) translation initiation factor (103481) 3 BPP1862 

#14 (MES) 1 (599) autotransporter (176978) 16 BPP0452 

2 (112) outer membrane protein A (20985) 3 BPP3135 

#9 (MOPS) 1 (229) TonB-dependent receptor for iron 7 BPP3376 or 

transport (81321) BFRD 

2 (174) polyribonucleotide nucleotidyltransferase 4 BPP3431 

(77294) 

3 (123) probable surface antigen (86290) 4 BPP1535 

#15 (MES) 1 (314) TonB-dependent receptor for iron 8 BPP3376 or 

transport (81321) BFRD 

2 (229) polyribonucleotide nucleotidyltransferase 7 BPP3431 

(77294) 

#10 (MOPS) 1 (938) chaperonin (57447) 27 BPP0868 

#16 (MES) 1 (621) chaperonin (57447) 16 BPP0868 

#11 (MOPS) 1 (446) autotransporter (176978) 10 BPP0452 

2 (288) elongation factor (42889) 6 BPPOO07 

#17 (MES) 1 (388) autotransporter (176978) 8 BPP0452 

2 (271) elongation factor (42889) 6 BPP0007 

3 (112) putative membrane protein (47410) 3 BPP2847 

4 (98) enolase (45885) 3 BPP3252 

#12 (MOPS) 1 (528) outer membrane porin protein (41319) 18 BPP3392 

#13 (MOPS) 1 (209) outer membrane protein A (20985) 6 BPP3135 or 

OMPA 

2 (151) outer membrane porin protein (41319) 5 BPP3392 

#18 (MES) 1 (196) outer membrane protein A (20985) 6 BPP3135 or 

OMPA 

Score - The MOWSE score algorithm is described in DIC Pappin et al Curr. Biol., 

3(6); 327-32 (1993).  

Table 7 

110



WO 2005/032584 PCT/EP2004/011082 

Deposited materials 

A deposit of strain 3 (strain 3224A) has been deposited with the American Type Culture 

Collection (ATCC) on May 5 2000 and assigned deposit number PTA-1 816.  

The B. pertussis-strain deposit is referred to herein as "the deposited strain" or as "the DNA 

of the deposited strain." 

The deposited strain contains a full length BASB232 gene.  

The sequence of the polynucleotides contained in the deposited strain, as well as the amino 

acid sequence of any polypeptide encoded thereby, are controlling in the event of any 

conflict with any description of sequences herein.  

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 deposited 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. A license may be required to 

make, use or sell the deposited strain, and compounds derived therefrom, and no such 

license is hereby granted.  

Throughout the description and the claims of this specification the word "comprise" and 

variations of the word, such as "comprising" and "comprises" is not intended to exclude 

other additives, components, integers or steps.  

A reference herein to a patent document or other matter which is given as prior art is not 

to be taken as an admission that that document or matte r was, in Australia, known or that 

the information it contains was part of the common general knowledge as at the priority 

date of any of the claims.  
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SEQUENCE INFORMATION 

BASB232 Polynucleotide and Polypeptide Sequences 

SEQ group 1 contains SEQ ID NOS: 33, 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21, 23, 35, 27, 29, 31, 

35, 37, 39, 41, 43, 45, 47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67, 69, 71, 73, 75, 77, 79, 81, 83, 85, 

87, 89, 91, 93, 95 and 97.  

SEQ group 2 contains SEQ ID NOS: 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 and 98.  

SEQ ID NO:1 polynucleotide sequence of Orf1 
Atgtccaccccccgattcgcgctgcattacgccagcgcgtcagtcctgotggccgcatcc 
Ggcctggccatggcgcagacggccacccagatccacgatccgtcgcaggtgcagcagatg 
Gcgacggtgcaggtgctgggcacggccgaagaggaaatcaaggagtcgctgggcgtctcg 
gtcatcaccgccgaggagatcgcccgccgcccgcccaccaatgacctgtccgacctgatc 
cgccgcgaacccggcgtcaacctgaccggcaacagcgccagcggcgcgcggggcaacagc 
cgccaggtcgacatccgcggcatgggccccgagaacaccctcatcctgatcgacggcaag 
cccgtcacctcgcgcaatgcggtgcgctatggctggaacggcgaccgggacacgcgcggg 
gacaccaactgggtgcccgccgaggaagtcgagcgcatcgaagtgatccgcggcccggcc 
gccgcccgctacggttccggggccatgggcggcgtggtcaacatcatcaccaagcgcccc 
gccgatcgcgccaccggctccatcacctactacacgaaccagccggaagacagccgcgag 
ggcaacaccaaccgcgtcaatgcgcgcatcagcgcgccgatcagcgacacgctgagcatg 
cggctgtacggcaactacaacaagaccaatccggatgcccgcgacatcaacgccggccac 
gcgaacaccagcgacaacggcaacccctcgaccgccggacgcgagggcgtcatcaaccag 
gacctgagcgcgctgttctcgtggaaagccgacagccacaacaccgtggacctggacatg 
ggcttcagccggcagggcaacctgttcgccggcgacaccatgaacaacgccaacagcgac 
ttctcggacagcctgtacggcaaggaaaccaatgcgatgtaccgcgagaactatgcgctg 
acgcaccgcggcgtctacgactggggcacctcgcgcgccagcgtcggctatgactacacg 
cgcaacgcgcgccagcgcgaaggcctggccggcggccccgagggcgcgcccaccgcgggc 
ggctacgacaccgcgcgcctgaagaactggcgcgccgcggccgaggccagcgtgccgtt c 
cat ct cggttt cgagcaggt cgccacggt cggcgtggaatggctgcgcgaat cgctggaa 
gaccccgccggcacgcgccagacctataccggcggcgccatcggcggcacggccccggcc 
gaccgcgacccgaaatcgcgccagaccagctatgcgctgttcgccgaggacaacatcgag 
atcgacgagcgcaccatgct cacgcccggcgtgcgcctggaccacaacagcgaatt cggc 
agcaactggagtcccagcctgaacgcctcgtacgccgtcaccgacgcgctcaagctcaag 
ggtggcatcgcgcgcgcctacaaggcgcccaacctctaccaatccaaccccaactacctg 
ctgtacagccgcggcaatggctgcctggcctcgcagaccaacaccaacggctgctatctg 
gtcggcaacgaggacctctcgccggaaaccagcgtcaacaaggaaatcggcttcgagtac 
gacccgggcacgtggcgcaccagcatggcctatttccgcaacgactaccgcaacaagatc 
gtcgccggcaccgacgtccagtaccgcctggccaatggcgcccgggtgctgcaatggacc 
aacagcggcaaggccgtggtcgaagggctggaaggcaacctgttcattccgctggccagc 
aatctcgactggaacaccaacttcacctacatgatccagtccaaggaaaaggctaccggc 
gaacccttgagcgtgattcccgaatacaccatcaacagcacgctggactggttctacacg 
ccgcagctgtcgttccaggccaatctcacctattacggcaagcaggaaggcccgtccacc 
aatgtacgcaccggcgtcgaactgaacggcgacggccgccagaccatcagtccgtatgcc 
ctggcgggcctgagcatgggctacgaagtcaaccggaacctgaagttccgcgtcggcgtg 
agcaacctgttcgacaagcagctgtaccgcgaaggcaatgccagcagcgcgggcgcggcc 
acctacaacgaaccggggcgcgcctattacgccacggcgacggtgtcgttctga 
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SEQ ID NO:2 polypeptide sequence of Orfl 
MSTPRFALHYASASVLLAASGLA 4AQTATQIHTPSQVQQMATVQVLGTABEEIKESLGVS 
VITAEEIARRPPTNDLiSDLIRREPGVNLjTGNSASGARGNSRQVDI RGMGPENTLILIDGK 
PVTSRNAVRYGWNGDRDTRGDTNWVPAEEVERIEVIRGPAAARYGSGAMGGVVNI ITKRP 
ADRATGSITYYTNQPEDSREGNTNRVNAPJ SAP ISDTLSMRLYGNYNKTNPDARDINAGH 
ANTSDNGNPSTAGREGVINQDLSALFSWKAJSHNTVDLDMGFSRQGNLFAGDTMNNANSD 
FSDSLYGKETNAMYRENYALTHRGVYDWGTSRASVGYDYTRNARQREGLAGGPEGAPTAG 
GYDTARLKNWRAAAEASVPFHLGFEQVATVGVEWLRESLEDPAGTRQTYTGGAI GGTAPA 
DRDPKSRQTSYALFAEDNIE IDERTMLTPQVRTJDHNSEFGSNWS PSLNASYAVTDALKLK 
GGIARAYKAPNLYQSNPNYLLYSRGNGCJASQTNTNGCYLVGNEDLS PETS VNKEI GFEY 
DPGTWRTSMAYFRNDYRNKIVAGTDVQYRLANGARVLQWTNSGKAVVEGLEGNLFI PLAS 
NLDWNTNFTYMIQSKEKATGEPLSVI PEYTINSTLDWFYTPQLSFQANLTYYGKQEGPST 
NVRTGVELNGDGRQTI SPYALAGLSMGYEV-NRNLKFRVGVSNLFDKQLYREGNASSAGAA 
TYNEPGRAYYATATVS F 

SEQ ID NO:3 polynucleotide sequence of Orf2 
Gtgttttctcgcagt cagaagcatccgt cctggcgcctgtcgccatgcgtacttgcggcc 
Gccttgtgcgccgtcgcggtcggtagcgcggacaccgcccgcgcgcaggcgcccgccgcc 
Agcgcccagcattatgaaat cgcggccggaccgctggccgacgcactgacc cgctt cgcg 
cgccgtgccggcgtggtgctgtcgttcgacccggccctggtgcaggggcgcagcacggcg 
ggcctgcagggcgtgtacggcgtgcgcgacgggttczgcggcgctgctggccggctcgggc 
ctgcaggcgcgcgccggcggcggcaacaactggtcgctggcggcgctgccgcgcggcggc 
gatgcgcagacgctggcgccggtgacggtgctgggcctggagggcgcgccggcgcccacg 
gtcggctatgtcgccagtgccagcctgagcggcaccaagaccgatacgccgctgat cgaa 
acgccgcaat cgattt cggtggtgactcgcgaccagataaccgagcagggcgcccagacg 
ctgaaccaggtgctgcgctataccgccggcgtggcgaccgagacgcgcggcgcgaccgcg 
acgcggctggaccagtt cagcgtgcgcggttt ctccgccgccacctatctggacggcatg 
cgcgtgtt cggcggccgggacgccttgccccaggtcgacgcctaccggctcgaacgggtc 
gatgtgctcaaggggccggctt ccgtgctgtatggccagggcggcccgggcggcgtggtc 
aaccaggtcagcaagcgtcccctggacgagcctttgcgcgagatcgaagtgcaggcgggc 
aat t tcgattt ccggcgggtcaacatggatttttccggcccggtggacgaggaccggCgc 
ttcctgtaccgggtaaccggcgcggcctatatgtccgatggccaggtggat cacaccagg 
gagcgccgctacttcgtctcgccgtcgttcacgtggcggcccagcgcggat accacgctg 
accgtgctgaccaactt ccagcgcgaccccgacatgggttcgtacggatcgatctcggcc 
atgcgcacgctgctgtcggcgcccgacggcaggcggctgggcccgaaccactacgacggc 
gacgccgatttcgaaaagagcgaccgccgcagctattcgctgggctatcaactggagcat 
cgct tcaacqatacctt caaggcctcgcagaacctgcgtt tccagcatgccgagggcgt c 
tatcgcagcatctacggcgccagcaacaacaattacggctat ctcgacaaggactaccgc 
tactcgcagcgcggcctggccatcagcgacgtggacgtggatgcgtt cacgatcgacaac 
aacctgcaggcgcgctt cgataccggggcgctggcgcatacggtgctggtggggttcgac 
taccagcgcgtgcagaccgacaccttgt cgggctatggcagcgcgccgccgctcgacgtg 
ttcgatccggactatcacatgggtatcgagcggccgccgtttacgtccgat cagacccag 
tacaactaccagaceggcct ctacctgcaggaccagatcaggctggatcgcctgtcgttg 
ctgctgggcgggcgctacgactggtcgcgcacccacaccggcaccgacaacctggccaac 
ggctcgcacagcagctcggcgctcgccgccgaggcgttcaccggccgggtcggggcgat c 
tacaacttcgacaacggcgtggcgccgtacgccagctactcggagtcgttcgagccgcag 
accggcacgggctggaacaacacgccgttcaagccgaccgaaggcaagcagtatgaggtC 
ggcgtgaaataccagccgccgggctcggccacgctgctcacgctggcggccttcgacatC 
cggcgcaagaacctgcccaccaccgacccggatcccacccatatgtgcggcgtttcgcgc 
tgct cgatacaggccggcgaagtgcgcacccgcggcatcgaactggaggccaagaccgaa 
ccgctgcgcggcctgagcctgatcgccgcctattcgtacctcgacaacgaatacgagaag 
gcctatccgaacacgaccgggttggacctcaagggcaagaagccggtggccgtgccggcg 
caccaggcgtcggcctgggcccgctat caactgcaggagggccgctggccggcctgggC 
atgggcgcgggggtgcgctacatcggcagttcgtacgccaacgaaaccaacacgctcaag 
gtgccatcggtgacgctggtggacatgatgctcgactacgacctgggccgggccagcccc 
gcgctcaagggcatgcaggtggcgttgaacgtctccaacctgtt cgacaaggaatacat C 
ggctcgtgcctgtccgattcgtggtgctggtatggct accagcgttcgatcaaggccagc 
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ttgcgctatcgctggtga 

SEQ ID NO:4 polypeptide sequence of Orf2 
VFSRSQKHPSWRLSPCVLAAALCAVAVGSADTARAQAPAASAQHYEIAAGPLADALTRFA 
RRAGVVLSFDPALVQGRSTAGLQGVYGVRDGFALLGSGLQARAGGGNNWSLAALPRGG 
DAQTLAPVTVLGLEGALAPTVGYVASASLSGTKTDTPLI ETPQSISVVTRDQITEQGAQT 
INQVLRYTAGVATETRGATATRLDQFSVRGFSAATYLDGMRVFGGRDALPQVDAYRLERV 
DVLKGPASVTLYGQGGPGGVVNQVSKRPLDEPLREI EVQAGNFDFRRVNMDFSGPVDEDRR 
FLYRVTGIXAYMSDGQVDHTRERRYFVS PSFTWRPSADTTLTVLTNFQRDPDMGSYGS ISA 
MRTLLSAPDGRRLGPNHYDGDADFEKSDRRSYSLGYQLEHRFNDTFKASQNLRFQHAEGV 
YRS IYGASNNNYGYLDKDYRYSQRGLAI SDVDVDAFTIDNNLQARFDTGALAHTVLVGFD 
YQRVQTDTLSGYGSAPPLDVFDPDYHMGIERPPFTSDQTQYNYQTGL-YLQDQIRLDRLSL 
LLGGRYDWSRTHTGTDNLANGSHSSSALAAEAFTGRVGAIYNFDNGVAPYASYSESFEPQ 
TGTGWNNTPFKPTEGKQYEVGVKYQPPGSATLLTLAAFDIRRKNLPTTDPDPTHMCGVSR 
CS IQAGEVRTRGI ELEAKTEPLRGLSLIAAYSYLDIEYEKAkYPNTTGLDLKGKKPVAVPA 
HQASAWARYQLQEPLAGLGDGAGVRYI GSSYANETNTLKVPSVTLVDMMLDYDLGRASP 
ALKGMQVALNVSNLFDKEYIGSCLiSDSWCWYGYQRS2 KASLRYRW 

SEQ ID NO:5 polynucleotide sequence of Orf3 
AtgcgagccagaccgagcgCggcaacccgcgccctgcactcatcgtcgcgcccccgccgc 
Ctgatccctgccctgctgggcgcgcttgcctgcctgggactggcgtacaggccgcg~ccc 
AtcgacgtcgatatcccgcCccagaacctggcccaagccctgcaccagcttggccggcaa 
gccaacctgcaggtcctgtacagccaggacctggt cgatggccagcgcagc cccgccgtg 
cagggccgcatggaacctgc cgaagcgctggaacgcctgctgaaaggccgcaacatccgC 
tat tcgat ccagcacaacaccgt cacgctcacgcccatgccgctgactgcgacgctgccg 
gcaatcagcgtggtcggcgccctgcctgactccgacacctaCgtggccacaggcacgaca 
gccggcaccaagacggacacgccgctgatcgaaataccgcaatCCatttcggtggtgacc 
gccgcgcagatccgcgagcagaatccgcagacgctgggcgacgcctgcgctacacgcc 
ggt atcgtggtgcaggaaggatt caaccgcaccgacgatcctttcatcatc cgcggcttc 
gacgtccgcaccaat cccggcgtcatgttccgcgacgggctgaaaatccccctgccccat 
tacagcgcgatgtccgaaccctacgcgctcgaacgcatcgaggtcgtgaaaggccccgct 
t cggtgctgtacggacaggcctcgccaggcggcatcgtcaacgtggtat ccaagcggccg 
acagacagcccgctgcgcgagctgcagctgagcggcggct cgcacagcaacaggcagctc 
gccggcgact tcggcggacgcat cgacgacgagggacggct gacctaccgc ctgaccggc 
ctggcgcgcaatgccgacacgatgatcgaccatgt cccggacgaccgctactatct cgcc 
cccgcgctgacctggcgcat cagcccggacacctcgctgacgctgctggcgagctacatg 
aagaacaagaccatcaacaacgccggctacccgct cgaaggcacggt caagtacaacccc 
aacggccgcat cccgcgt caccgcttcaccggcgagccggactggagcaagtgggaccag 
gaggtcgccaacgtggggtaccagtttgcgcaccgcttcaacgacacctggCaatt caag 
cagaacctgggctacgcccagtcgcgcaaccgcgtcaaccacgcctactggtggacctgg 
gtgcccggaagcgactt ctccacggccgagcgcggogcctaccgccgcgacgatgacgcc 
cacggcgtgagcatcgacaaccagttcgaggccacgtggcaatccggccgcttcaggcac 
aacacgctgttcggcctcgat tacaccgaaacctcgt tcacccgcaaacagtacgccggc 
tacaacaacctcgccccgatcgacttcttcgatccggcgtacggctcggacgtactgctg 
ccggcgaagccggacacctacaccaacgagaagcgcagccagctcggcctgtacttgcag 
gaccagataaagttcgacgacaaactggtggtggtgctcagcggccgCt acgacaatgcc 
gacggctcgacgctgaacaagctgagcggcgtcaatacccgcaccggcgacaacgcgttc 
acgtggcgcaccggcctgctataccttgcggacaacggtctggcgccctat accagctat 
tcgacttcgtt ccagccgcaggccggcaccacctcgcccgcacgcggcaccacgccctt c 
gacccgaccaagggcaagcagtgggaagccggcgtgaagtaccagcccaatggttcgaac 
tcgttcatcaccgcatccgtcttcgagCtgacgcgcaccaacgtccccacgaccgacccc 
gccaaccccgt ctacagcgtgcaggaaggcgaggtgcgctcgcgcggcctcgaattgtcg 
gccaccgccaacctggcctcgggctggaacctgatcgcggcctacacgtataccgacgcg 
gaaatcaccaagagcaactccaacacgctaggcaacacgccgaggccgtgccgcgcaac 
atggcgtcgctatggtccgactacaccgtcccgt ccggtgcgctggcggggctga-atatc 
ggcgccggcgtgcgctacatgggct cgacctacaacaacaccaatgCcgccaaggt cggc 
gactacaccgtgttcgacgccgccctgcgctacgacttcggggcgcgcagcccgtccctg 
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aaaggctggacggccgat ctcaccgtgcgcaaczctgttcgacaaggactacgtggcctcg 
tgcacctatgcctgcttctacggagaaggcaggaccgtgctgggccgggtcacgtacaaa 
tggtag 

SEQ ID NO:6 polypeptide sequence of 0r13 
MRARPSAATRAILHSSSRPRRLI PALLGALiACLGTGVQAAPIDVDI PPQNLAQPJ4HQLGRQ 
ANLQVLYSQDLiVDGQRSPAVQGRMEPAEALiERLLKGRNI RYS IQHNTVTLTPMPLTATLP 
AISVVGALPDSDTYVATGTTAGTKTDTPLIEI PQS ISVVTAAQIREQNPQTLGDAVRYTP 
GIVVQECFNRTDDPFI IRGFDVRTNPGVMFRDGLKIFLPHYSAMSEPYALERIEVVKGPA 
SVLYGQASPGGIVNVVSKRPTDSPLRELIQLSGGSHSNRQLAGDFGGRIDDEGRLTYRLTG 
IARNADTMIDHVPDDRYYLAPALTWRI SPDTSLTLI2ASYMKNKTINNAGYPLEGTVKYNP 
NGRI PRHRFTGEPDWSKWDQEVANVGYQFAHRFNDTWQFKQNLGYAQSRNRVNHAYWWTW 
VPGSDFSTAERGAYRRDDDAHGVS IDNQFEATWQSGRFRHNTLFGLDYTETSFTRKQYAG 
YNNLAPIDFFDPAYGSDVLLPAKPDTYTNEKRSQLGLYLQDQIKFDDKLVVVLSGRYDNA 
DGSTLNKLSGVNTRTGD)NAFTWRTGLLYLADNGLAPYTSYSTSFQPQAGTTSPARGTTPF 
DPTKGKQWEAGVKYQPNGSNSFITASVFELTRTNVPTTDPANPVYSVQEGEVRSRGLELS 
ATANLASGWNLIAAYTYTDAE ITKSNSNTLGNTPEAVPRNMASLWSDYTVPSGAAGNI 
GAGVRYMGSTYNNTNAAKVGDYTVFDAALRYDFGARS PSLKGWTADLTVRNLFDKDYVAS 
CTYACFYGEGRTVLGRVTYKW 

SEQ ID NO:7 polynucleotide sequence of Orf4 
Atgacaggctttcatgcacgcaagccggtgggcggtggccatggccggcccgcgcacggc 
Aggccgcttgcgtggccgcgcat ccccctacggacaaccaccatgaagccattaccgct c 
Gcttatct cgccgcgctgctgccctggtacgcaggcgtcatccaggcgcaat ccgcgccc 
gccgccggcgacgatgcctcgat caccctggaagccgtcagggtcgaggccagcgccgac 
gcct ccgccggcggcctgcgccggccttcgcgggcggccaggtcgccacgggcgcgaag 
gtcggcat cctcggcacgcgcgacaacctggaaaccccgttctccatcaccgcctacacc 
aacgaactgatccaggaccgccaggccaagggggtgggcgacgtcctgcagaacgacccc 
ggcgtgcgggtggcgcgcgggttcggcaacttccaggagt cgtattt catccgcggcttc 
atcctcagctcggacgacat cgcgtacaacggcct ctatggcctgttgccgcgccagtac 
atctcgacccagctgtt cgagcgcgtcgaggtgctgcgcggtgcctcggcgtttctcacc 
ggcgcgccgccgtccggcggcgggatcggcggggtgatcaacctggttcccaagcgcgcg 
cccaacgagccgctgacgcgctttt cggccggctacggcagcgacagcgtgctcgaggct 
tcggccgacat cggccggcgct tcggcccggacgacagcgtcgggatccgcatcaacgcc 
gcccagcgcggcggcgagaccgccatcgacggcgagcgcacccgcaccacggtgttcgcg 
ctgggcctggactggcgcggcgagcgcgcgcgcctgt cggccgatatcggctaccaggac 
aaccgcctgaagcgggcgcgccccaatgtcacgctggccggcgacgecgccaaggtgccc 
ggcgcgcccgacgccggctccaactatgcccagccctggt cgtactccaacgaacgcgac 
gtgttcggcaccctgcgcggcgaatacgactt caacggccgcataacgggctgggt cgcc 
Latggcatgcgccagagcaaggaggagaactcgctggccaacct caataacgtcaacggc 
gcggggcagggcaagtt ctaccgcttcgacaacgcccgcgaggataccgtcaacaccggc 
gagatcggcctgcgcgccaaggcgcgcaccggcccggtgggccacgaactggtcgcctcg 
gcgtcgtatttcgacctcgagaagaagaacgcctatgtcatggacttcttcaaccagttc 
gacaccagcatctacgaccccgt cagctacgccaagccggccatcagcagcaccgcgttt 
cgcggcaacgacatggacgatcccgccaagcagggcgtcatccggctggccagctatgcg 
ctgggcgacaccatgtcgtt ct tcgacgacaaggtgctgctgaccgccggcatccgccac 
cagcgcctctaccagcgcgactacagctacgacacgggcatcggcggcaccccctacgag 
caaagccacaactcgcccgccgccggcctggtggtgcgcgtgacgccccaggtgtcgctg 
t acgccaactacatcgaggccctgt cggcgggcgacaccgcgccgcagaccgccaacggc 
ctgccggtggtcaaccacggcgaatcgctggcgccctatgtgtccaagcagaaggaagtg 
ggcgtcaagttcgagcacgacggcctgggcggcggcctggcgctcttttccaccgacaag 
ccgcgcgggttcgtgggcgatgaccaggtcttccgcgcttcgggcaaggaccgccaccgc 
ggggtcgaactgacgacttacggcgagctcacgcgcagcgtgcgcgtgctgggcgggctg 
acctggctggacgccaagcaLgctcagcaccggcaacgccgccaccgacggcaagcgcgtc 
atcggcgtgccccgct tccaggccaacctcgqcgtggagtgggacatccccggcgtgcag 
ggcctgaccgtggacgggcgtgtggtct atacgggct cgtcctatgcggatgcggccaac 
accctcgaggtgccgggctggacgcgcctggacgccggcctgcgttacatgaccgatatc 
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ggcggccatctggtgacctggcgcgcccgcgtcgagaacatcgccaaccgcgactactgg 
tcct ccgtgggcggctaccccggcaatggctacctggtgctgggcggcccgcgcacctt C 
acgctgtcggcatcgatggagtt ctga 

SEQ ID NO:8 polypeptide sequence of Orf4 
MTGFHARKPVGGHGRPAH-GRPLAWPI PLRTTTMKPLPLAYLAALLPWYAGVIQAQSAP 
AAGDDAS ITLEAVRVEASADASAGGLAPAFAGGQVATGAKVGILGTRDNLETPFSITAYT 
NELIQDRQAKGVGDVLQNDPGVRVARGFGNFQESYFIRGFILSSDDIAYNGLYGLLPRQY 
I STQLFERVEVLRGASAFIJTGAPPSGGGIGGVINLVPKPJAPNEPLTRFSAGYGSDSVLEA 
SAD IGRRFGPDDSVGIRINAAQRGGETAID)GERTRTTVFALGLDWRGERARLSADIGYQD 
NRLKRARPNVTLAGDAAKVPGAPDAGSNYAQPWSYSNERDVFGTLRGEYDFNGRITGWJA 
YGMRQSKEENSLANLNNVNGAGQGRFYRFDNAREDTJNTGEIGLRAKARTGPVGHELVAS 
ASYFDLEKKNAYVMDFFNQFDTSIYDPVSYAKPAISSTAFRGNDMDDPAKQGVIRLASYA 
LGDTMSFFDDKVLLTAGIRHQRLYQRDYSYDTGIGGTPYEQSHNSPAAGLVVRVTPQVSL 
YANYIEALSAGDTAPQTANGLPVVNIHGESLAPYVSKQKEVGVKFEHDGLGGGLALFSTDK 
PRGFVGDDQVFRASGKDRHRGVELTTYGEILTRSVRVLGGLTWLDAKQLSTGNAATDGKRV 
I GVPRFQANLG VSWDI PGVQGIJTVIJGRVVYTGS SYAJJAANTLEVPGWTRILDAGLRYMTDI 
GGHLVTWRARVENIANRDYWSSVGGYPGNGYLVLGGPRTFTLSASMEF 

SEQ ID NO:9 polynucleotide sequence of Orf5 
Gtgcctcgtcctacttcccgccgtacgcgccctgcgcgccggcaggcgcagcccgccttc 
Gtgcccgcgct cttcatgcttgccctgggcgccgttgccgccggcgcgcgcgcccagccc 
Gctgcggcgggtgtcccggatacgcaaggcgtggcgcaaatgccggccgtcacggtcaac 
Gccgcgccggtggacgacacgctggagcatctggaggcgccggtcgataccggcgcgctg 
Ggacggcgcacccagctggagacgcctttttccaccacggtggtgactgcccgcgacatg 
Gaggagcgocaggtcaacaagctgggagacgtgttcgcgctggatgcct cggtgacggac 
Aacagcgcgtcctatggcgcgtgggccagctacctgacggtgcgcggcctgccgctggat 
Tggcagaattcgtaccgcatcgatggccggccgtt cctgagctacgtcacgacgctgccg 
Ttcgagcacttcgagcagatcqacctgctcaagggggcgt cgggctt catgtacggttt c 
Ggctcgccgggcggcctggt caactatgtcaccaagaagccgaccgacgaagcggtgcgc 
Agcgtcgagctgggctacgtgtccaaggggttgctgcgcgagcacgtggacctgggcggc 
Agggtgggccagagcggcgcgtttggctat cggctgaatgccacgcacgaggagggcaat 
Acctacaacggtggatcgctgtaccgcgattcggtgt cgctggcgctggatgcgcgcctg 
Agcgaccggttgacctgggactt ccaat ccat ctaccaggaccgcaag9-ccatcgggcag 
Gagcccacgatct atgcgggcaccatggccggcagcgagttgccatcgccggtgcgcaac 
Gacaatgacaggctggtcgggcagggaccgtatgcggacaatgcgtt ccgctattactcg 
Accggcttgaagtaccaattggcggacgaatggacgctgagcaccaattacagctacagc 
Tccacgcgtacccgccgcaacgagt cggtgctgttcctgcgcgaccaggcgggcgactat 
Gacgattaccgctcggactatggcgaggcctatggctacaaccagtggcaggccatgctg 
Gagggcaagtt cgct accggtcccttgaagcaccacgtggtggccggcgcgt cgtggcag 
Aagcagaagaacgactacagcgccaacggggtctatcaattgcagggcacgggcaacctg 
Cgcgcgcgcaataccaacacgtactacagcgaaggccagctgcacctgtaccgcgcggcc 
Gagat cacgcagaaggcgctqtt cgccagcgacacggtcgacctgaccggcggctggtcg 
Gtgctgggcgggctgcgctatacgaattatgcgcagcaaggatt cgatgccacgggcgcg 
Cgaacatcgcgctacgacaagaacggcgtgctgacgccgacctttgccctgatgtacaag 
Ctgacgccgcgcaccatggcctatgccagctacatcgaat ccttggagccgggctcgtcg 
Gtgggcgccgcgtacgccaacttcggcgcattgct cgat ccgttgaagagcaagcagtac 
Gagctgggcatcaagaccgaacaggacggctgggccgccacggcggcgctgtttcgcatc 
Gagaagaaggcggaat acgcgaatgccgccaacgagctggtgcaggacggcaagacgct c 
Tat caggggttggaactgggcgcctccacgcgtat cgcccgcgactggaacgtgggaggc 
Agcctgatgttgctggattcggaatacaagaaaggctcggatttcaccggcaaccgcgtg 
Gcgggagcgccgaagt tcgtggcggccgcgcaactggcgtactcggtgccgcaggtgccg 
Gggctgaagctgcgcgccgatgtgaagtacaccggcaacacgatgctgggcgccagcaac 
Cgggtgcaggtggacgactacgccatcgtcaatatcggcgccacctacgacacgcagatc 
Cacggctacgaggcgacctt caccgccggcatcaacaacgtggccaacaagcgctactgg 
Ctgt accagtcgt ctgactacgtgaaggcgggcgacccgcggacctatggcctgacgtct 
atat ccagatatccggatatctggatataa 
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SEQ ID NO:1O polypepticfe sequence of Orf5 
VPRPTSRRTRPARRQAQPAFVPALFMJALGAVAAGAPAQPAAAGVPDTQGVAQMPAVTVN 
AAPVDDTLEHLEAPVDTGAIJGRRTQLETPFSTTVVTARDMEERQVNKLGDVFALDASVTD 
NSASYGAWASYLTVRGLPLDWQNSYRIDGRPFLSYVTTLPFEHFEQIDLLKGASGFMYGF 
GS PGGLVNYVTKKPTDEAVRSVELGYVSKGLJREH-VDLGGRVCQSGAFGYRLNATHEEGN 
TYNGGSLYRDSVSLALDARLSDRLiTWDFQS IYQDRKAIGQEPTIYAGTMAGSEJPSPVRN 
DNDRLVGQGPYADNAFRYYSTGLKYQLADEWTLSTNYSYSSTRTRRNESVLFLRDQAGDY 
DDYRSDYGEAYGYNQWQAIMLEGKFATGPLKHHVVAGASWQKQKNDYSANGVYQLQGTGNL 
RARNTNTYYSEGQLHLYRAAE ITQKALFASDTVDLTGGWSVLGGLiRYTNYAQQGFDATGA 
RTSRYDKNGVLTPTFALMYKLTPRTMAYASYIESLEPGSSVGAAYANFGALLDPLKSKQY 
ELGI KTEQDGWAATAALFRI EKKAEYANAANELVQDGKTLYQGLELGASTRIARDWNVGG 
SLMLLDSEYKKGSDFTGNRVAGAPKFVAAAQIJAYSVPQVPGLKLPADVKYTGNTMLGASN 
RVQVDDYAIVNIGATYDTQIHGYEATFTAGINNVANKRYWJYQSSDYVKAGDPRTYGLTS 
ISRYPDIWI 

SEQ ID NO:11 polynucleotide sequence of Orf6 
Ttgcccgccataagcgtcacgggtcgtgagatttccgacctcaccgagggtacaaacgcc 
Tacacaaccgaggccatgagcacggccacgggcctgacactctcgccacgcgaaacacca 
Caat ccgtcagtgtggtcacccgacagcagat cgaggat cagggcctcaccgacaccggc 
Gccatcctggcgaccgcgccagggatttccgt cacgcgcagcgacagcaaccgctat tca 
Ttctcggcccgcggcttcaccatcgacaacttccagtttgacggcctggtatcgcccatc 
Ctgagccaatggaactatggttcgaccgat atggacgccgccatctacgat cacgtggaa 
Atcgtacgtggcgccacaggcctgatgacaggctcgggcaatccttcagccgccgtgaac 
Ttcgtgcgcaagcgt cccttgcgtgagttcgcggctacgttcaatgcgagtgtcggcagc 
Tgggactatgtgcgcggcgatgccgacatctccgtgcccatcacggaagacggcagaata 
Cggtcacgcttggtggccgcctacagtcagggcgacagctatgtgcactttttagatacg 
Cgccggcgcacattctatggcgtggtcagcgccgatctgacgccggatacggtgctgacg 
Accagcgtggagtaccagcacaaccacagcaatgggtttggcagcggctttccgctgttc 
Tatagcgacggttcgcgcaccgatttcaaccgctcggtggccaacaacgct ccctgggcc 
Cggcaggataccgaagccaccacctatttcgtggacctcacgcaccgcttcaccaatgac 
Tggaagctgcgcgcggcctatagccacactgatggccgctatct catgaaacatgtgtac 
Cggggcggctaccccgatcgccatactggcat cat cgctgccccccctgcat tltccaac 
Tacgacggcaacctcgatcgggatgacatccatttttccttgtccgctcctttcgaggcc 
Ttcggcctgcgccacgaagttgccctgggctggatgagcat cgacaaccatagcgacatc 
Cagcgatacgcaatggt cggaccggccccagccat cggcagctt ct tcgactggcgccgc 
Gcccacat ccaagagcccagctgggccgacacgctgt cgcccgccgacgacgtgcgcacc 
Aagcagaccggcgcctatctggtcggccggtttgcactagccgaacccctgcacctcatc 
Gtgggcgaccgttggagcgactggaaaaccaaacagatgtattttggctcgcgccgcgaa 
Tacaggatcaagaat cagttcaccccctatgccggtctgacctacgacatcaacgacacc 
Tacacggcgtacgccagctatacggagatcttccagccgcagaacgcgcgcgacaccagc 
Ggcggcatt ctt cct cccat caaaagcaagagctatgagctgggtctgaaggcagcctat 
Ctggagggacggctcaatacctccgccgcgctctttcagacgcggcaggataacctggcc 
Caggtcatcccgggctcatccattccgggctttccgaacatgcaggcctcacgtgccgc 
Tccggcgccaaggt cgaggggatagacctggaggccagcggccagat cctgcccgactgg 
Aacatcggcgccagctatacacacttcaccaccaaggacgccagcggcaaccccatcaac 
Accaat catccgcgcagcctgttcaagctctacaccacgt accgcctgccgggcgccctg 
Caccggct taccgtgggcggcggcgt tgactggcaaagt cgcatgtaccaggccgcagc 
Agtccgcgcggcaatgtcgaagt cgaacaggacagctacgcact cgtgagcctcatggcg 
Cgcttcgactttaacaaaaaactgtcggcaacactgaacgtgaacaatctgttcgacaaa 
Aagtactacgatcagatcggct tctacagccagggttggtggggtgcgccacgcaatgta 
atgctcaacttgcgggcgcagtattga 

SEQ ID NQ:12 polypeptide sequence of Orf6 
LPAI SVTGREISDLTEGTNAYTTEAMSTATGLTLSPRETPQSVSVVTRQQIEDQGJTDTG 
AIIATAPGISVTRSDSNRYSFSARGFTIDNFQFDGLVSPITISQWNYGSTDMDAAIYDHVE 
IVRGATGLMTGSGNPSAAVNFVRKRPLREFAATFNASVGSWDYVRGDADI SVPITEDGRI 
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RSRLVAAYSQQDSYVHFLDTRkRTFYGVVSADLTPDTVLTTSVEYQHNHSNGFGSGFPLF 
YSDGSRTDFNRSVANNAPWARQDTEATTYFVDLTHRFTNDWKLRAAYSHTDGRYLMKHVY 
RGGYPDRHTGI IAAPPAFSNYDGNLDRDDIHFSLSAPFEAFGLRH-EVALGWMSIDNHSDI 
QRYAMVGPAPAIGSFFDWRRAUIQEPSW~ADThSPADDVRTKQTGAYLVGRFALAEPLHLI 
VGDRWSDWKTKQMYFGSRREY1U KNQFTPYAGLTYDINDTYTAYASYTEIFQPQNARDTS 
GGILPPIKSKSYELGLKAAYLEGRLNTSAALFQTRQDNLAQVIPGSSIPGFPNMQASRAA 
SGAKVEGIDLEASGQILPDWNIGASYTHFTTKDASGNPINTNHPRSLFKLYTTYRLPGAL 
HRLTVGGGVDWQSRMYQAAAS PRGNVEVEQDSYALVSLMARFDFNKKLSATLNTNNLFDK 
KYYDQIGFYSQGWWGAPRNVMLNLRAQY 

SEQ ID NO: 13 polynucleotide sequence Of Orf 7 
Atgaagttctactcttcccatccgatgcccgagtcgctcgcggctgcgatcgcagtgcct 
Ctgt tgggcctgctgcaggcggcgcaggccgcgtccacggcggt ccagctgccatccgt c 
Acggtcgagggcgagtactcgtcctatcaaccggaaagcgcccagt Cgcccaagttcacc 
Gcgcccctggcggacacgccgcgcacggtgcaggtcatccctgagcggctcatccaggac 
Cagggggccagcgacctcgaagcggtactgcgcaatgcgccagggatatcgatgaccgcc 
Ggcgaaggcggccgtccggccagcgacctgccgttcatccgcggccagaatt cggccagc 
Agcctttttgtcgacggcctgcgcgatcccagcacgcaat cgcgcgataccttcaacctg 
Gaacaggt cgacgtcgtcaaggggcccgattcggtatttt ccgggcgcggcggcgccggc 
Ggaagcat caacctcgt caccaagacgcccaggaaccaggat ttcaccgaagtccaggcc 
Ggcatcgggacggccgagacctaccgaggcaccatagacggcaactgggtgctgggcgag 
Aacacggcgctgcgcctcaacctgctgggcaccagggacaccgtgccgggccgcgacaag 
Gcggtcgagttcagccgcgtgggtatcgcgccat cgctgcgcctgggcctgagcggcccc 
Acccgcgtgacgctgggcctgtaccactatcgccaccggcgggttcccgattattcgatt 
Ccgtacgatccgcgcaccggcacgccgatcaccgagaccatcggcgt cagccgccgcaac 
Ttctacggcctggtgcggcgcgact ccggcgataccgaggactacgccgccaccgt caaa 
Tgggagcacgacctcgccaatggcttcaaggtggagaacctggcgcgctact cgcgtgcc 
Acggtggagcagatcaccaccatgcccgaactgaaaaccgccgat ctggccaaggggctg 
Gtgtaccgcaatctgcgcgccagctaccaggt caacgaCagtttcgCcaaCcgcacCgac 
Ctgcgcggtacattcgacacggggcagtggcgccataccttcgat ctgggcggggagttc 
Gccaccagccggcgcagtcgcgaccgctacaagcaagaaatccccgacgccgccagt cct 
Tgctcgcccgtgacggacggcaacaat cccgccctgtgcgcctcgctccgggatccggat 
Ccgcacgtggattt cccgggaacggtgcggcgcaaccataacccggcccgctaccacacc 
Gacatcctgtccctgtacggttt cgacaccat cgccttcgacgagcagtggcagctgaat 
Ctcggcctgcgctgggaccactacaagaccagcggacgcaacctgccggtacgaggcgcc 
Aagccgcccgtctacgagcgtgccgcgcgcaccgacaacctgttcaactaccagctcggc 
Ctggtctacaagcct cgtccggacggctcggtgtatgcgagttacggcacggcgtccacg 
Ccgtcggccgtgt ccgactacgccccggcggacagcatctccggcacaagccagcagctc 
Aagccggagcgcagcgaggcgatcgagatcgggaccaagtggcaggtgctggaccggcgg 
Ctgctggtgacgggcgccatgtt ccgcgagacgcgcaagaacaccagcatcgaagt cgcc 
Gaaggcctgcgcgcaccagccggcaagagccgcgtcaccggcatggagctgggcgtggcg 
Ggcagcctgacgccgcgctgggacgtctacggcggct acgcgctgctcgacagcaagctg 
Gtcagggccagccataagagcggggcgcaaggccagccgctgcccagcgcgccccggcac 
Gcat tcagcatctggagcacctacaagctgctgccggaactgaccgtgggggccggcgcg 
Ttctat cgcagcaaggt ctatggcaacgcagatgccggct acaacaaggacggcacgccc 
Aaggcgcgctgggtgccggcgtactggcgcttcgacgccatggcggcgtaccagcttaac 
Aagcacct tacggcccagttgaacgtctacaacctgctcgacaagacctattacgccaag 
Acctaccgcagccattacgcggcgctgggcccggggcggtccgccatgctgacgtt caag 
ctgagctactga 

SEQ ID NO:14 polypeptide sequence of Orf7 
MKFYSSHiPMPESLAAAIAVPLLGLLPAAQAASTAVQLPSVTVEGEYSSYQPESAQS PKFT 
APLADTPRTVQVI PERLIQDQGASDLEAVLRNAPGISMTAGEGGRPASDLPFIRGQNSAS 
SLFVDGLRDPSTQSRDTFNLEQVDVVKGPDSVFsGRGGAGGS INLVTKTPRNQDFTEVQA 
GIGTAETYRGTIDGNWVLGENTALRLNLCTRDTVPGRDKAVEFSRVGIAPSLRLGLSGP 
TRVTLGLYHYRHRRVPDYS IPYDPRTGTPITETIGVSRRNFYGLVRRDSGDTBDYAATVK 
WEHDLANGFKVENLARYSRATVEQITTMPELKTADLAKGLVYRNIJRASYQVNDSFANRTD 
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LRGTFDTGQWRHTFDLGGEFATSRRSRDRYKQEI PDAISPCSPVTDGNNPALCASLRD)PD 
PHVDFPGTVRRNHNPARYHTDILSLYGFDTIAFDEQWQLNLGLRWDHYKTSGRNLPVRGA 
KPPVYERAARTDNLFNYQLGLVYKPRPDGSVYASYGTASTPSAVSDYAPADS TSGTSQQL 
KPERSEAIEIGTKWQVLDRRLLVTGAMFRETRKNTS IEVAEGLRAPAGKSRVTGMELGVA 
GSLTPRWDVYGGYALLDSKLVRASI-KSGAQGQPLPSAPRHAFSIWSTYKLLPELTVGAGA 
FYRSKVYGNADAGYNKDGTPKARWVPAYWRFDAMAAYQLNKHLTAQLNVYNLLDKTYYAK 
TYRSHYAALGPGRSAMLTFKIJSY 

SEQ ID NO: 15 polynucleotide sequence of Orf8 
Atggagaagccgttgaaatccctggact cgtattcagcgagcacgct cgcc aactcgctg 
GccgccgccattgcggtgccggccctgtgCctgatgcccggtgctcaggcacagaccagc 
Gcgggcgttacccaattggcgccggtgcaggtagagggcgaagcgtccccctatcaggcc 
Accaccgtccagt cgtccaagatgacggcgcccttgctggatacgcccaggaccgtgcag 
Gtcgtgccgcagcaggtcatccaggaccaggccgccaccaat ctgcaggacgtgctgcgc 
Aactcgccgggczatcaccatgggcgccggcgagggcgggcgcgccggcggcgacctgccc 
Atcatccggggccagaatgcggcgggcagcatctt cgtcgacggcgtgcgcgaccccagc 
Acccagatacgcgatacgttcaacctggagcaggtcgagatcatcaaggggcctgattcg 
Gtctactccggccgcggcggagccggcggcagcatcaacctggtcagcaagacgccgaag 
Gcgcgcgacttcgccgagggctcggtgcagatcggcaccgacagcaattac cgcgccacc 
Gccgacggcaaotggctgctgggcgacaacgccgccttccgcctgaacctgatgggcaac 
Aagggcgacgtgccgggccgcgaccatgcggt cgatttcagccgctggggcgtggcgccc 
Accctgcaactgggcgtgggcacgcccacccgcatcaccctggggtactaccactaccag 
GatgacagcatgcccgattacgcgatcccgtacgatccgaagtcggggCagccggtcacc 
Gagacccagggcgtcagccgcaagaatttctacgggctgaccggccgcgacttcatgaag 
TcgcgcgacgacgtggccacgctggccatcgatcacgatttcagcagcaagctgcgCCtg 
Cgcaacgtcacccgctacgggcgctcggtgaccgactacgccgccaccaatccggatgac 
AgcaagggcaacgtgcccaacgggctggtgtaccgggcgctgaaggcgggctactacaCC 
Aacaagacgtt caccaaccagaccgacctgagcggcgaat tcgagacgggcagcctgcag 
Cactcgtt cgacgtgggctt cgagtacagcaacat caagcaggacaaggact cgtatacc 
Cagactatcgcc1aaggcgatgccttgcaaggtggcgccaacgatgccagcaatccg 
Gccttgtgcacct cgctgtgggatccggatccgcatgactat tat cccggccacctgtcg 
Cgcaacgacaacccggcccgctattccaccgacacgatcgcgctctacggcttcgacacg 
Atcaagttcaacgagcaatggcaggccagcgt cggactgcgttgggacaattaccgcgta 
Agcggcagcaatatcgcccgcggccgcaacgat cccgccagcacgccggcgt tctacagc 
Accagccgcgaagacaatctgttcaatt accagctgggcctggcctacaagocggtgccc 
Aacggcacgat ctacgcctcgtatggcacctcgtcgacgccgtcggccgtcgccggctcg 
Aacgtgagcgacgccgt gacggtgagcaacgagt cgctggcgccggagaaaagccgcacc 
Gtcgaggtcggcaccaagtggcaattgttcgacgaccgcctgaccctgtcgggcgcgttg 
Tt ccaggacat ccgcaagaacaccagcgtggccgtgtcggcgaccgaaacggagcagatc 
Ggcaaggccaaggtgcgcggcatcgaactgggcttct cgggcagcat cacgcccaagtgg 
Aacgtctacggcggct atacctt catggacagcgaactggtcgagggcgcctacaacagc 
Ggcgcggtgggccaggacctgcccaacacgccgcgcaatgccttcagcctgtggaccacc 
Tacaagctggtgcctcagctgaccgtgggcggcggcgcctat tacgtggacaaggtatat 
Ggcaacgcggacaacggtcgcaatgccgacggcacgccgaaggcgcgctgggtaccgtcg 
Tactggcgctt cgacgccatggccgcgt acgagtt caacgaccacctgaccgcgcagctc 
Aacgtgatgaacatct tcgacaagacgt actacaccaaggcclzacgcggcgcactacgcg 
gcgctgggcacgggccgcgccgcggtgctgtcgttcaatatcaagtattga 

SEQ ID NO:16 polypeptide sequence of Orf8 
MEKPLKSLDSYSASTLANSLAAAIAVPALCLMPGAQAQTSAGVTQJAPVQVEGEAS PYQA 
TTVQSSKMTAPLLDTPRTVQVVPQQVIQDQAATNLQDVLRNSPGITMGAGEGGRAGGDLP 
IIRGQNAAGSIFVDGVRDPSTQIRDTFNLEQVEIIKGPDSVYSGRGGAGGSINLVSKTPK 
ARDFAEGSVQIGTDSNYRATADGNWILLGDNAAFRLNLMGNKGDVPGRDHAVDFSRWGVAP 
TLQLGVGTPTRITIJGYYHYQDDSMPDYAI PYDPKSGQPVTETQGVSRKNFYGLTGRDFMK 
SRDDVATLAIDH-DFSSKIRLRNVTRYGRSVTDYAATNPDDSKGNVPNGLVYRALKAGYYT 
NKTFTNQTDLSGEFETGSIJQHSFDVGFEYSNI KQDKDSYTQTIAKGAMPCKVGANDASNP 
ALCTSLWDPDPHDYYPGHLSRNDNPARYSTDTIALYGFDTIKFNEQWQASVGLRWDNYRV 
SGSNIARGRNDPASTPAFYSTSREDNLFNYQLGLAYKPVPNGTIYASYGTSSTPSAVAGS 
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NVSDAVTVSNESLAPEKSRTVEVGTKWQLFDDRLTLSGALFQDIRKNTSVAVSATETEQI 
GKAKVRGIELGFSGSITPKWNVYGGYTFMDSELVEGAYNSGAVGQDLPNTPRNAFSLWTT 
YKLVPQLTVGGGAYYVDKVYGNADNGRNADGTPKARWVPSYWRFDAMAAYEFNDHLTAQL 
NVMNIFDKTYYTKAYAAHYAALGTGRAAVLSFNIKY 

SEQ ID NO:17 polynucleotide sequence of Orf9 
Ttgcatactcgcacgccacagcggcagcgcccggtcgcgccgcgcctgctgcatctatcg 
Ctggccgcctcgctggcggccggcgccgcccaggcgcagaccgccaccgaagccaccacc 
Ctgcccaccgtgcaggtcaccggcaggggcgagaccgccaccggcccggtcgacggctat 
gccgccacgcgcagcgccaccgccaccaagaccgataccccgctgtcggaaaccccgcag 
gccgtcacggtgatcccgcgcgagcagatcatcgaccagggcgcgcagaacgtgcaggac 
accatgaactacgccgcgggggtgcgccccaacgcctatggcgtggacaaccgcggcgac 
tacgtgcgggtgcgcggggtggagccggtccagtatctcgacggcctgaagcagttcttc 
aactacaacaatccgcgcaccgaggtctacgggctcgagcgcgtcgaagtcctgcgcggc 
ccggcctcgatgctgtacggccagggcagcaccggcggcgtggtcaacctcgtcagcaag 
cggccgcagcccgaggccatgcgcgagatcggcgtgaccgtgggcaaccacaaccgcaag 
gagatccaggccgatctcaccggcccgctgaccgaggacggcacctggctgtaccaggtg 
gtggccctcggacgcgacagcgacacgcaggtccagtacaccaaggacgaccgcatgatg 
ctcgcgccgtcgctgacctggcagcccagcgccgccacctcgctgacgctgcaggcctac 
tggcagaaggacaagtcgggcacgacccaggccttcctgccctggagcggcacggtcagc 
ggcaaccccaacggccgcatccccacccgccgcttcaccagcgaacccggcttcgaccgc 
tacgacaccgagcaattcagcgtgggctggcagttcgagcacaagttcaacgacaactgg 
aaagtgcgccagaacctgcgccacacatccagcaaggtcgactacagcacgctgtatccg 
gcggtctacggcaaccccgacaatcccttcatcgacgccgaccagcgcgtggtcaatcgc 
tacctgtacatcaagaacccgcgcatgcgttccttgctggccgaccagaacctcgaaggc 
aaggtgaactggggccgcgccgaacataccctgctgatgggcgtggactacagccgctat 
cgcgagaccggcgagaccggcagcgggttcggcgcgccgctggacctgtaccagccggtc 
tacggcaccctgcccgactatgccatgtcggacgtgcccaagaacaagcagcagcagatc 
ggcgtctacctgcaggaccagatcaagttcgaccgcaactggatcgtggtggcgggcctg 
cgccacgaccgcgtcgccaacagcgtcgagggcgccgacaaggaaaccgacaacgccacc 
accaagcggctgggcctgatgtacgccgccgacaacggctggtcgccctacctcagctac 
agcgagtcgttcacccccatcgccggcaccgacaacagcggcaaccgctgggtgccgatg 
cgcggcaagcaatgggaagcaggcctgaagtacatgccgcaggacaccggctatgaggcc 
accctggcggcctacgacctgcgcgagcgcaaccgccagaccaacgacccgtccgatccc 
accaaccaggtgcagaccggcaagaccaagacgcgcggcatcgaactggaattccgcggc 
cgcgtcacgccgcagatggatgtgatcgccaactacaactacaccgacatcgacccgcag 
ctcgaaggcctgcccaagcacacgttctcgctgtggagcaaataccggttcagcgtgggc 
gatgtgcatggctttgccgccggcgccggcgtgcgctacctgaacgcgtttcgcgacggg 
tccgcgcccgagaccggctcggtggccctgttcgacgccatgctcagctacgacaccggt 
tcgtggcgctatgcgctgaacgtcgccaacatcgccgacaagacctacgaggtggtgtgc 
ctgcggcgcggcgattgcttctacggccagcgccgcacggtcaccctgagcgccatgtac 
cgcttctag 

SEQ ID NO:18 polypeptide sequence of Orf9 
LHTRTPQRQRPVAPRLLHLSLAASLAAGAAQAQTATEATTLPTVQVTGRGETATGPVDGY 
AATRSATATKTDTPLSETPQAVTVIPREQIIDQGAQNVQDTMNYAAGVRPNAYGVDNRGD 
YVRVRGVEPVQYLDGLKQFFNYNNPRTEVYGLERVEVLRGPASMLYGQGSTGGVVNLVSK 
RPQPEAMRE IGVTVGNHNRKE IQADLTGPLTEDGTWLYQVVALGRDSDTQVQYTKDDRMM 
LAPSLTWQPSAATSLTLQAYWQKDKSGTTQAFLPWSGTVSGNPNGRIPTRRFTSEPGFDR 
YDTEQFSVGWQFEHKFNDNWKVRQNLRHTSSKVDYSTLYPAVYGNPDNPF IDADQRVVNR 
YLYIKNPRMRSLLADQNLEGKVNWGRAEHTLLMGVDYSRYRETGETGSGFGAPLDLYQPV 
YGTLPDYAMSDVPKNKQQQIGVYLQDQIKFDRNWIVVAGLRHDRVANSVEGADKETDNAT 
TKRLGLMYAADNGWSPYLSYSESFTPIAGTDNSGNRWVPMRGKQWEAGLKYMPQDTGYEA 
TLAAYDLRERNRQTNDPSDPTNQVQTGKTKTRGIELEFRGRVTPQMDVIANYNYTDIDPQ 
LEGLPKHTFSLWSKYRFSVGDVHGFAAGAGVRYLNAFRDGSAPETGSVALFDAMLSYDTG 
SWRYALNVANIADKTYEVVCLRRGDCFYGQRRTVTLSAMYRF 

SEQ ID NO:19 polynucleotide sequence of OrflO 
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Atggtttacgcttgcgat cagggcgcccgccgcgcccgtcccgcgccgccaaggcgcccc 
Caaacggcactggccatgcgcggcgcgctggcggcatgcgcactggccggtacgctggcg 
Gccgctcccgccgccgcgcagccgacggcggcgcccgcat cggcgggcgcgcgcgcctgg 
cacatcgacgccggccccctgggcgaggccctggcgcgctttgccgaccaggccggcatt 
accctgctgtacgaCcccgccgcggtgcgcggccgcgccagcgccggcctgcaaggcgtg 
tactcggtgcccgacggcctggcgcgcctgctcgatggcagcggcctggacgcgcgccag 
cgcggcgccggcacctacgtgctgcaggcgctgcccgccggcccggtcgcccagctggcg 
ccggtcaccat cgaggctgacggcgtgcgcgccgatcccgcctgggcccgcaccgccacg 
cgccgcgagct cgacgcgcgccaggtgctcgactggagcgatatcggcaagcgcgtcgat 
cccggcgtcaactacaaccgccgcaccaagagcat caacatccgcggcctggacgaaaac 
cgcgtggt cacgcgcatcgacggcatccgcctgccctggctcgacgacggcgcgcgcggc 
atccagggcgggctgaacgcggtggacttcaacaccctgt cgcgcctggacgtcgtgcgc 
ggcgccgactccagcgcggccggctccggcgcgctgggcggcctggccgacctgcgcacg 
ctcgaacccgccgacctgctgcgcgacgggcgccgcttcggcgcgctggccaagt ccgac 
tatgactcggccgacgccagctggggcctgaacgcggccctggccgggcaggtccacgac 
gacaccagctggctgttgcaggcgggcacccgcaatgggcacgacctggacaaccgcgcc 
gacacgggcggctacggcagcaagcgcagccagcccagccccgaggactacgcccagaac 
aacttcctgct caagctgcagcagcgcatcgacggcggccat cgcctcggcctgacgggc 
gaat actt caagcgccgcgccgacctcgaccagatgtaccagcagggcgccggcaccagc 
taccagtacggcgacaaccgcacccacgaggaaaccacgcgcaagcgcgt cLcgctgqac 
taccagtacaacgccccgcaggccggcgccgcgatcgacagcgcccgggccatggtgtat 
tggcagcggctgcggctggacagct cgcaggacgcccgccgcacgcgcgacgggcgcgcc 
tacgcccgccccggcgacccgtacttctacggctaccccagcggcccctacgggcgcagc 
aactcgat Ccaggaat agat cctcggcgtcaacggcgagctctccagccgcttcgaaggc 
atggtgt cgcagcgcgtgacgataggcggcgaatggt acggcaaccgcaccgagcagtac 
tcggacggctacgacaactgccccgccatcccgcccggcacgcccgcgccgatggggccg 
cgcctgtgcgacatgctgcataccaaccaggccgacatgccccgggtcaagggcagccag 
tgggccat ctgggcgcaggacgaaatcgccttcgccgacgggcgctacatcctgaccccg 
t cactgcgctacgaccattacgagcagaagccgcagcaaggcggcggctaccagaacaac 
cccaacgccggcgcgctgccgccgtcgtcgtcggggggccgcttctcgcccaagctgctg 
ggcacctggaaggcgcgcgaggcgctgacgctgtatgcgcaatacggcttcggctaccgg 
gcgccgtcggccaccgagctgtacaccaactacggcggcccgggaacctatctgcgcgtg 
ggcaatccct ccttgaagcccgagaccagcaagggctgggaactgggcgcccgcctgggc 
gacgaccagttgggaggcgccgtatcgctgtt cgacaaccgctaccagaacttcatcgac 
aagaacgtgccgctgggcaagggtt cgccgcaatggcagccggcctgggacggccagtac 
ccgctgggcgt caccgggctggccaaccgggcgcgcgtgcgcat ctatggcgccgaagcc 
tcggcgcactggcggtt cgcgcccaactggcgcacctggggctcgctggcctgggccgtg 
ggcaaggacgaaaacaccggccagcacctgaattcggtgccgccgctcaaggccatcctc 
ggcctgggctaccagcgcgacgaatggggcatcgacgccatgctgacggccgccacgcgc 
cgcgacgacgtgcaataccccgaggcctccgccagcgcgcgctacgccgatttccaggcc 
ccgggctacggcgtggtggat ctgtccgcctactggcgcccggccgccgtcaagggcctg 
cagctgcaggcgggcgtgtt caacctgttcgacaagaaatactgggaagccatcaacgtg 
cccacggcgggtgccattgcgattccgcgaccgtt agactggtacaacgagccaggccgc 
agcgtgcgcgt at cgttgacctaccagtattga 

SEQ ID NO:20 polypeptide sequence of OrfiD 
MVYACDQGARRARPAPPRRPQTALAMRGALAACALAGTLAAAPAAAQPTAAPASAGARAW 
HIDAGPLGEALARFADQAGITLLIYDPAAVRGRASAGLQGVYSVPDGLARLLDGSGLDARQ 
RGAGTYVLQALPAGPVAQLPVTIEADGVRADPAWARTATRRELDARQVLDWSDIGKRVD 
PGVNYNRRTKS INIRGLDENRVVTRIDGIRLPWLDDGARGIQGGLNAVDFNTLSRLDVVR 
GADSSAAGSGALGGLADIJRTLEPADLLRDGRRFGALAKSDYDSADASWGLNAALAGQVHD 
DTSWLLQAGTRNGHDLDNRADTGGYGSKRSQPSPEDYAQNNFLLKLQQRIDGGHRLGLTG 
EYFKRRADLDQMYQQGAGTSYQYGANRTHEETTRKRVSLDYQYNAPQAGAAIDSAXIVVY 
WQRLRLDSSQDARRTRDGRAYARPGDPYFYGYPSGPYGRSNS IQESILGVNGELiSSRFEG 
MVSQRVTIGGEWYGNRTEQYSDGYDNCPAI PPGTPAPMGPRLCDMLUTNQADMPRVKGSQ 
WAIWAQDEIAFADGRYILTPSLRYDHYEQKPQQGGGYQNNPNSAGALPPSSSGGRFSPKLL 
GTWKAREALTLYAQYGFGYRAPSATELYTNYGGPGTYLRVGNPSLKPETSKGWELGARLG 
DDQLGGAVSLFDNRYQNFIDKNVPLGKGSPQWQPAWDGQYPLGVTGL2ANRARVRIYGAEA 
SAHWRFAPNWRTWGSLAWAVGKDENTGQHLNSVPPLKAILIGLGYQRDEWGI DAMLTAATR 
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RDDVQYPEASASARYADFQAPGYGVVJLSAYWRPAAVKGLQILQAGVFNLFDKKYWEAINV 
PTAGAIAI PRPLDWYNEPGRSVRVSLTYQY 

SEQ ID NO:21 polynucleotide sequence of Orfll 
Ttgcggccgggccggcggcgcgccgcgcgctgcccgtcatcgacatgcccgccggctgcc 
Ggcgcggcgccacaacgtgtgat catgaaacagactt ccctttactacgccaccctgggc 
Ctggtcggactggcgctggccgcgcccgcgcgcgcgcaggagcaatcgcttcccgtccaa 
ctcgcgccggtggtcgtgcatggcgcgcccgaggccaacggcccgctgaatctcgacgcg 
gtcgacagcaccggcagccgcctgggcctgaccctgcgcgagacgcccgcctcggtgacc 
gtcatcaaccgcgagcagatcgaggcgcgcggcgcgctcgacacgcaggaaatcgcccgc 
ggcatcgt cggcgtggacaatgcctcgccgcccggctcggccggctcggtgagctaccgc 
ggtttctcgggttcgcaggtcagccagttgttcaacggcatttcggtgcagtacgacgtg 
gtcgccgcgcgt ccgatcgacagctggatctacgaccgcgtcgaagccatcggcgggccg 
t ccagcttcctgttcggcgcgggcgcggtgggcggcgccatcaactacgtgaccaaggtg 
gcgcagcgcgatacgt tctacgacggccagctgcgccizgggttcgtacggcgcgcgccag 
gcat ccgtgggccttaaccggcaattggccggcgagccgggcgggcgcggccagtacctg 
cgcatcgacgccaacgccaacgcgagcgacggctgggtcgacggcaat cgct cgcacgcc 
gagcaggtggcggcct cgctgotgtcqqacctgggcgaacgcgtgacccatacgctggcg 
ctggagtaccagcacgagatggtgcaccggccttactggggt acgccgctgaccaccgac 
ggcgacggcgtggtgcgcggcgaaggccacatccgcggcgggacgcgctggaagaactac 
aacgt cgacgacggccggtacgagcaatcggtgtggtggctgcgt tcgctgaccgaatgg 
caggccagcgaccgcctgagttt ccgcaatacgctgt actactat cgcgccgatcgcgat 
ttccagaacct cgagacctaccgctacaacccgggcaacagccaggtgctgcgctccggc 
gcgctgctgcagcgccacgagcagcgcctgctgggcaaccgcatcgaaggcctgtaccac 
ggcagcctqggcggcctgcgcagcgactggtcgtt cggcgccgactacagcgtcaaccgc 
cagacgcgctaccccaccagcgtggccgggcaagt cgatagcgtggacccgtacgagtt c 
gacczcgggcgagt tctacgacat tccgggcatgcggcgcggccacgtgcccgaccgcgac 
aacaaggtgcgcacgctggcctt catgctggaaaaccgcaccgaagtgggcggcggggtc 
gcgctggtgacggct ctgcggcacgacatcat cgacctggacctgaccaaccggcgcgcg 
gccagcgcggcttcgcccgggcacgcctcgcgccgctacaacccgaccacggggcgcgt c 
gccgtcaattgggaggtcagt cccggcgcgaccctgtacgcgcaatacgccaccgccgcc 
gacccgccttccggcgtactgtcgaccgcgaccttcgccgatgtgctgaacaacgaoaag 
ctgaccaccggcacccaggtcgaggccggcggcaagttcgcgttctgggacggccgcggc 
acggcgaccgtggcggtctacgagatcaagcgcaagaacctcgccacgccgat cccctc 
aaccccggcagcagcctgccggtgggcagccagtctgcccgcgggctggagctggccggc 
ggat tgcagttgacgcgcgccttgt cgctgcaggccaacctggcgctggtcgacccccgc 
tatgacgattt ctcgcagaacgtcggcggggtggcggtctcgcgcaacggcaaggtgccg 
gtcaacacgccgcgccggctggccaacgtgtggctggactacgccttcgcgcccgactgg 
cgcgccagcctggcggcgcgccacgtgggcaagacctatgcggacgcggccaatacggtg 
tgggcgccggcctat accgtgttcgacgcggcgctgt cgcatcgcat cgaccgccat ttc 
agcgtgacggcgcggg'cgcgcaacctgaccgacaaggtctatgCcgccagcgtgaccggc 
gcgcccatgtat tacctgggcgcgccgcgcagcgt cgaactcgcgctgcaggcgcgctt c 
tga 

SEQ ID NO:22 polypeptide sequence of Orfit 
LRPGRRRARCPS STCPPAAGAAPQRVIMKQTSLYYATLGLVGLALAAPARAQEQSLPVQ 
LAPVVVHGAPEANGPLNLDAVDSTGSRLGLTLRETPASVTVINREQI EARGALDTQE IAR 
GIVGVDNASPPGSAGSVSYRGFSGSQVSQLFNGI SVQYDVVAARPIDSWIYDRVEAIGGP 
S SFLFGAGAVGGAINYVTKVAQRDTFYDGQLRLGSYGARQASVGLNRQLAGEPGGRGQYL 
RIDANANASDGWVDGNRSHAEQVAASLLSDLGERVTHTIJALEYQHEMVHRPYWGTPLTTD 
GDGVVRGEGMI RGGTRWKNYNVDDGRYEQSVWWLRSLTEWQASDRLS FRNTLYYYRADRD 
FQNLETYRYNPGNSQVLRSGALLQRHEQR3LGNRIEGLYTGSLGGLRSDWSFGADYSVNR 
QTRYPTSVAGQVDSVDPYEFDPGEFYDI PGMRRGHVPDRDNKVRTLAFMLENRTEVGGGV 
ALVTALRH-DI IDLDLTNRRAASAASPGH-ASRYNPTTGRVAVNWEVSPGATLYAQYATAA 
DPPSGVLSTATFADVLjNNDKLTTGTQVEAGGKFAFWDGRGTATVAVYEI KRKNLATPDPL 
NPGSSLPVGSQSARGLELAGGLQLTRALSLQANLALVDPRYDDFSQNVGGVAVSRNGKVP 
VNTPRRLANVWLDYAFAPDWRASLAARHVGKTYADAAINTVWAPAYTVFDAALSHRIDRHF 
SVTARVRNLTDKVYAASVTGAPMYYLGAPRSVELALQARF 
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SEQ ID NO:23 polynucleotide sequence of Orfl2 
Atgaaatcccgctcactccggcgctgcgccggtgtcctggcctgtgt cgct ccgttggcc 
cgccacgcocaggccggcgccgccgccggccaacccatccccgaactcgatccggtcgtc 
G~tcaccgccgcgcgat cgccccagctgctcaagaatgtgctggccgacgccagcgtgatc 
gagcgcgatacgctggcgcgcgccggccagtccagcctggccgaagtgctggcgcagcag 
cacggcat cgaattcgccgacagcggcggcccgcaaagcgtcaccagcctgttcatgcgc 
ggcgccaacagcaaccagaccctggtcctgctcaacggccagcgcat caacaacgccaac 
ggcggcggcat tgcgctcaacgcgctgccgccggaagccatcgaacgcatcgagatcatg 
cgtggcgcggccagcagcctgtacggggccgacgcgatcggcggcgtgatcaacatcatt 
acccgcgagccgggcgaCaaggcgtgtcgcctatgCCaacgccggttacggcacctac 
ggcaccagccgctacgacgccggcgtctcgggcgcggccgacggcttcagctacagcctg 
tccaccggctatggccagagccatggcttcaacgccaccaaccgccgctcgttctcgtac 
aacccggacaaggacagctactaccagaactacgccaccggcacgctgggctacgaatgg 
cggcccgagcagaaagtggtggcgcaggtctaccgcagccgcatcaacggcggctacgac 
gcctcggcctcgtacgactacaacgaccgctacatccaggacctgcaggcctattcgctg 
gccagcgaaaaccgcctgacccgctactggaagagcacgctgcgcgccggctatgtggaa 
gacaagaacgatt cgcgcgccgaaggcatgttcgaagacaacaacacgcgcttccggacc 
cgccagatgcagtacctgtggcagaacgacttcaccctggccgccggcCagacgCtgacg 
ctggcctacgagcacctggaccagcgcgccgacggccagatgagcaccgccaccggcatc 
ggcaactacaccgagacgcgccgccacgtgaactcgt acaccggcgtct ac ctgggcgat 
ttcggccgccaccatgtgcaggccagcctgcgcaacgacaacaactcgCagt tcggcagc 
cacaccaccggcggcctggcctacgggttcgacctgacgcccaacctgCgcgccaccgtg 
gccgccaacacgggctttcgggcgccgt cgtt caacgatctgtacacgccgaccagcgcg 
ttcggctat cgcggcaaccccgacctcaagccggaagagtcgcgcaacgccgagat cggc 
ctgaaataccaggacgaggacagcgaactgggcgtggtgtattaccagacc cgcat caag 
aacctgat ccaggtgaccgaggacttcagcacggt cgagaacgt cgggcgcgcccgcctg 
caaggcttcaccatcagcggcgcgcaccgcttcggcaacacgcgcctgcgcgccagcctg 
gacctgagcaacccgcgcaacgaagacaccggcaagcaattgctgcgccgcgcccgcacg 
qtgctgcgcgccggcat cgaccatcgcttcgaccgcctgctggtgggcgccgagtggtac 
gcctcggacgagcgctacgactacggcttccccgaggaaaagcgcctgggcggctacggc 
ctggtcaacctgaccgcggcctacgacctgagccgcaacatgcaggtgcaggtgcgctgg 
aacaacgtgctcggccagcgctacaccttggccgacggctacaacacggccggctcgaac 
gccttcgt caacccgtcgtggcgcatgt ag 

SEQ ID NO:24 polypeptide sequence of Orfl2 
MKSRSLRRCAGVILACVAPLAGHAQAGAAAGQPI PELDPVVVTAARSPQLLKN\VLADASVI 
ERDTLARAGQSSLAEVLAQQHGIEFADSGGPQSVTSLFMRGANSQTLVLLNGQRINNAN 
GGGIALNALPPEAIERIEIMRGAASSLYGAJAIGGVINI ITREPGDKALSAYANAGYGTY 
GTSRYDAGVSGAADGFSYSLSTGYGQSHGFNATNRRSFSYNPDKDSYYQNYATGTLGYEW 
RPEQKVVAQVYRSRINGGYDASASYDYNDRYIQDLQAYSLASENRLTRYWKSTLiPAGYVE 
DKNDSRAEGMFEDNNTRFRTRQMQYLWQNDTLAAGQTLjTLAYEHLDQRADGQMSTATGI 
GNYTETRRHVNSYTGVYLGDFGRHHVQASLRND\NSQFGSHTTGGLAYGFDLTPNLRATV 
AANTGFRAPSFNDLYTPTSAFGYRGNPDLKPEESRNAEIGLKYQDEDSELGVVYYQTRI K 
NLIQVTEDFSTVENVGP-ARLQGFTI SGAHRFGNTRLRASLDLSNPRNEDTGKQLLRRART 
VLRAGIDHRFDRLLVGAEWYASDERYDYGFPEEKRLGGYGLjVNLTAAYDLSRNQVQVRW 
NNVLGQRYTLADGYNTAGSNAFVNPSWRM 

SEQ ID NO:25 polynucleotide sequence of Orfl3 
Atgattccaccttgccgcttatccctgatcccggcgctggccgccatggcgctggcaggc 
Gccttt occgcgccgagcggggccgcgccggctgaattggcgcccatcgcggtcatcggc 
Gacgatcccgacgat ccgcgggtat tcgaaggcagcaccgccacccgtaccgccacaccg 
ctgcgggaggtgccgcagacggt cgacaccgtgaaggtgccggacgccctgaactatggc 
gcgcgcacgctgggcgaggcgctggccggcgtgcccaatgtcaccgacgccagcgatac 
cgct tcgacggct tgcgcat acgcgggttcgacgccggcagcgactt ctacctggacggg 
gtgcgcgatgacagccagtacgtgcgcgacctgcacaacatcgagcgcatcgaggtgct c 
aaggggccggccggcgttctgtacggccgcggcagccagggcggcat cgtcaatcgggtg 
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agcaaggcgcccgggccgggccgcgcttccaccct cgaagtccggctgggcggcgaggac 
tttcgcagcctgtacgccgacctgagcgcggaccctt ccgacacggtcagcctgcgcctg 
aacgtgggcggcgagaatgcgggcagtttcaggcacggggtcagctcgcgCCgCCgcctg 
gcgt cgcccgccttggcgtggcgcattacgccacggctcgattggctggcgcagtaCgaa 
cacagccgctacgaccgcgtgcccgaccgcggcattccct cggtggacggccggcccgcg 
ccggtcgggcgctcgaccgt ctacggcgaccccgggcgcgacaatatcgacgat cgggt c 
caggtgctgcgct cgcgcctgcgctaccgggcggccaatggatgggagctgcgccatacc 
ctgtcgacgttccggctgcatagcgatttcgacaacacctat ctgtccggctggcgcgc 
gagaccgggctggtgcaacgccagcgctggcagcagcacctgcgcgcccggcat ctttac 
aacgtctt cgaggccgagggcacgttcgccaccggotggctcgaaaccgcttgctggc 
ggcgtcgagctgggcagccagcatcgcgat ccgacgctgcaccgcgcggccaccaaaggc 
cccggcgcgcagccggtgcccgggctggcgctgcaccaccccgacttgagccagcagcac 
cacggccgcatggagcgcgccagcgatgcgcgt caccgcgtgcgtacgcaaggctactac 
ttgcaggatcaactgcgattgagcgagt cctggcaggtgqbqgcgggcgcgcgcctggac 
cggttcggggtgcgcacgcgcaatcgactgctgggcctggaaggcagccgtggcgac cgc 

agtgtgagtccgcgcctgggagtggtctggacgccctggccggcgcacgcgttctaCgcg 
tcgtacagcaagactttct cgcccaccggcggcggcaccataggcat cacgccggacgcg 
cggggcaacgccaatgatctgccgccgaacatacgcgccagtacgaagccggggtcaag 
agcgactggctggacgggcgcctgagcaccatgctggccgtctaccagatcgaact ctac 

aaccgccgcacgcgcgcgccccacgatcccacgcggatactcctgacgggcctgcagcgc 
t cgcgcggcctggaaatgagcggggcggggcggct agctgtgaagattcaatag 

SEQ ID NO:26 polypeptide sequence of Orft3 

MIPPCRILLIPALAAMALAGAFPAPSGAAPAELAPIAVIGDDPDDPRVFEGSTATRTATP 
LREVPQTVDTVKVPDALNYGARTLGEALAGVPNVTDASDTRFDGLRI RGFDAGSDFYLDG 
VRDDSQYVRDLHNIERIEVLKGPAGVLYGRGSQGGIVNRVSKAPGPGRASTLEVRLGGED 
FRSLYADLSADPSDTVSLRLNVGGENAGSFRHGVSSRRRLASPALAWRITPRLaDWLAQYE 
HSRYDRVPDRGI PSVDGRPAPVGRSTVYGDPGRDNIDDRVQVIJRSRLRYRAANGWELRHT 
LSTFRLHSDFDNTYLSGWRAETGLVQRQRWQQHLRARHLYNVFEAEGTFATGWLEHRLLA 
GVELGSQHRDPTLHRATKGPGAQPVPGLALHHPDLSQQIHGRMERASDARHRVRTQGYY 
LQDQLRLSESWQVVAGARLDRFGVRTRNRLLGLEGSRGDRSVSPRLGVVWTPWPAHAFYA 
SYSKTFSPTGGGTIGITPDARGNAN~DLPPEHTRQYEAGVKSDWLDGRLSTMLAVYQLELY 
NRRTRAPHDPTRILLTGLQRSRGLEMSGAGRLAVKIQ 

SEQ ID NO:27 polynucleotide sequence of Orfl4 

Atgaacacgctgcgacgcctgcgcatcctgggcgccgccgccacgctgggcgggccggcc 
Gccgcgcaggaggcgcccgccatgctggagccggtgcgcatcagcggcacgcgcaccggc 
Acct cggtgctcgatacgcccgcgtccgtggacqtggtcgatggccacgagctgcgcgcg 
Cgcaacctgcaggtcaacctgtccgaaggcttggccggcgtgcccggactgcagctgca9 
Aaccgccagaatt acgcgcaggacctgcagctgt cgatacgcggcttcggcgcgcgct cg 
Accttcggcgtgcgcggcgtgcggctgt acgtggacggcatcccggccaccatgccgac 
Ggccagggccagacctcgaacat cgacatcggctcggccggccgcgtggaagtgctgcgc 
Ggcccgttctcggccctgtacggcaattcgtcgggcggcgtggtgcaggtgttcaccgaa 
Cagggcagcgatccgcccgaggcgacgggcagcgcggcggcgggcagcttcggcacctg 
Cgct acggcgccaagctgcgcggcgccagcgcggcagacggcctggattacgtgctggac 
Ttcaatcgcttcacgaccgagggctatcgcgaccacagcgccgcgcgcaagaacctgggc 
Aacgcgcggctgggcctgcgcatggacgacggcagccgcctgacgctgagcgccaaccac 
Gtggacctgaccgcgcaggatccgctgggcctgacgcgcgagcaattcgaggacgacccg 
Cgcagcgcgccggtggccgagcgcttcgatacgcgcaagaccgtgcgccagacccagggc 
Ggcctgctgtacgagcgcgccttcgacacgogcaacgacctgcgcgtgatgctgtactac 
Ggacaacgccgcaccacgcaataccaat ccat cccggtggccgtgcagCaaagccccacg 
Caggccggcggcgtgat cgacctgggccgcgactacggcggcgccgacctacgctggacc 
Tcgcgccagcaggtggccggcctgccgctgaccctgatcggcggactggcctatgacac 
Atgaaggagcagcgccgcggctacgacaactacaccggcccgcccgctgcgcccaccggc 
Catgggcgtcaagggcgcgttgaggcgcgacgagaccaacacggtctacaacctggaccc 
GtacctgcaggcctCgtggcagttcgccgagcgctggacgctggacgcggggctgcgcta 
Cagcacggtgcgcttcgact cggacgatcattaccaggcgccgggcaacggcgacgacag 
Cggacgcgccacctatcgcaaggccttgccggtggcggcgctgcgctatgcggccaacga 
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gaacctgagcctgtacgcctcgtacggacgcggcttcgagacgcccacgctcaatga 

SEQ ID NO:28 polypeptide sequence of Orfl4 

MNTLRRLRILGAAATLGGPAAAQEAPAMLEPVRI SGTRTGTSVLDTPASVDVVDGHELRA 
RNLQVNILSEGLAGVPGLQLQNRQNYAQDLQLSIRGFGARSTFGVRGVRLYVDGI PATMPD 
GQGQTSNIDIGSAGRVEVLRGPFSALYGNSSGGVTVQVFTEQGSDPPEATGSAAAGSFGTW 
RYGAKILRGASADGLDYVLDFNRFTTEGYRDHSAARNLGNARLGLRMDDGSRLTLSANH 
VDLTAQDPLGLTREQFEDDPRSAPVAERFDTRKTVRQTQGGLLYE1RAFDTRNDLRVMLYY 
GQRkTTQYQSI PVAVQQSPTQAGGVIDLGRDYGGADLRWTSRQQVAGLPLTLIGGLAYDT 

MKEQRRGYDNYTGPPAAPTGHGRQGRVAARRDQHGLQPGPVPAGLVAVRRALDAGRGAAL 
QHGALRLGRSLPGAGQRRRQRTRHLSQGLAGGGAALCGQREPEPVRLVRTRLRDAHAQ 

SEQ ID NO:29 polynucleotide sequence of OrfIS 

Atgaacatgtctctgtcacgcat tgtcaaggcggcgcccctgcgccgcaccacgctggcc 
Atggcgctgggcgcgctgggcgccgcccggcggcgcatgccgactggaacaaccagtcc 
Atcgtcaagaccggtgagcgccagcatggcatccatatccagggctccgac ccgggcggc 
gtacggaccgccagcggaaccaccatcaaggt aagcggccgtcaggcccagggcatcctg 
ctagaaaatcccgcggccgagctgcagttccggaacggcagtgtcacgtcgtcgggacag 
ttgtccgacgatggcatccggcgctttctgggCa~c9tCaccgtcaaggccggcaagct9 
gtcgccgatcacgccacgctggccaacgt tggcgacacctgggacgacgacggcatCgcg 
ctct atgtggccggcgaacaggcccaggccagcat cgccgacagcaccctgcagggCgct 
ggcggcgtgcagatcgagcgcggcgccaatgt cacggtccaacgcagcgccatcgtcgac 
gggggcttgcatatcggcgccctgcagt cattgcagccggaagaccttccgcccagccgg 
gtggtgctcgcgacaccaacgtgaccgccgtgcccgccagcggcgcgcccgcggcggtg 
t ctgtgttgggggccagtgagcttacgctcgacggcgggcacatcaccggcgggcgggca 
gcgggggtggcggccatgcaaggggcggt cgtgcat ctgcagcgcgcgacgatacggcgc 
ggggacgcgcctgccggcggtgcggtt cccggcggtgcggttcccggtggtgcggttccc 
ggcggcttcggtcccggcggcttcggt~ccgt cct cgacggctggtatggcgtggacgt a 
tcgggctecagcgtggagctcgcccagt cgatcgt egaggcgccggagctgggcgccgca 
atccgggtgggccgcggcgccagggtgacggtgtcgggcggcagcttgt ccgcaccgcac 
ggcaatgt catcgagaccggCggcgcgcgtcgctttgCgcctcaagccqgcccctgtcg 
atcacct tgcaggccggcgcgcatgcccaggggaaagcgctgctgtaccgggtcctgccg 
gagcccgtgaagctgacgctgaccgggggcgccgatgcgcagggcgacatcgtcgcgacg 
gagctgccctccattcCggcacgtcgatcgggccgctcgacgtggcgctggccagccag 
gcccgatggacgggcgctacccgcgcggtcgactcgctgt ccat cgacaacgccacctgg 
gtcatgacggacaact cgaacgt cggtgcgct acggctggccagcgacggcagcgt cgat 
ttccagcagccggccgaagctgggcggttcaaggtcctgacggt caatacgctggcgggt 
tcggggctgttccgcatgaatgt cttcgcggacctggggctgagcgacaagctggtcgtc 
atgcaggacgccagcggccagcacaggctgtgggt ccgcaacagcggcagcgagccggcc 
agcgccaacaccctgctgctggtgcagacgccact aggcagcgcggcgacctttaccctt 
gccaacaaggacggcaaggtcgatatcggtacctatcgct at cgattggccgccaacggc 
aatgggcagtggagcctggtgggcgcgaaggcgccgccggcgcccaagcccgcgccgcag 
ccgggtccccagccgccgcagccgccgcagCCgcgccggaagCgccggcgCCgcaac cg 
ccggcgggcagggagttgtccgccgccgccaacgcggcggtcaacacgggtggggtgggC 
ctggccagcacgctctggtacgccgaaagcaatgcgttgt ccaagcgcctgggcgagttg 
cgcctgaat ccggacgccggcggcgcctggggccgcggcttcgCgcaacgccagcagctg 
gacaaccgcgccgggcggcgcttcgaccagaaggtggccggcttcgagctgggcgccgac 
cacgcggtggcggtggccggcggacgctggcacctgggcgggctggccggctatacgcgc 
ggcgaccgcggcttcaccggcgacggcggcggccacaccgacagcgtgcatgtcgggggC 
tatgccacatatacgccgacagcggtttctgactggcgacct9cgcgccagccgc 
ctggagaatgacttcaaggtggcgggcagcgacgggtacgcggt caagggcaagtaccgc 
acccatggggtgggcgcctcgct cgaggcgggccggcgctttacccatgccgacggctg9 
ttcctcgagccgcaggccgagctggcggtattccgggccggcggcggtgcgtaccgcgcg 
gccaacggcctgcgggtgcgcgacgaaggcggcagctcggtgctgggtcgcctgggcctg 
gaggtcggcaagcgcatcgaactggcaggcggcaggcaggtgcagccatacatcaaggcc 
agcgtgctgcaggagttcgacggcgcgggtacggtacacaccaacggcatcgcgcaccgc 
accgaactgcgcggacgcgcgccgaactgggcctgggcatggCcgccgcgctggg~cqC 
ggccacagcctgtatgcctcgtacgagt actccaagggcccgaagctggccatgccgtgg 
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acct tccacgcgggctaccggtacagctggtaa 

SEQ ID NO:30 polypeptide sequence of Orfl5 
MNMSLSRIVKAPLRRTTLAMALGALGAAPAAADWNN~QS IVKTGERQHGIH-IQGSDPGG 
VRTASGTTI KVSGRQAQGIIJLENPAAELQFRNGSVTS SGQLSDDGIRRFIJGTVTVKAGKL 
VADH-ATLANVGDTWDDDGIALYVAGEQAQASIADSTLQGAGGVQI ERGANVTVQRSAIVD 
GGLHIGALQSLQPEDLPPSRVVLRDTNVTAVPASGAPAAVSV4 GASELTLiDGGHITGGRA 
AGVAAMQGAVVHLQRATI RRGDAPAGGAVPGGAVPGGAVPGGFGPGGFGPVLDGWYGVJV 
SGSSVELAQSIVEAPELGAAIRVGRGARVTVSGGSJSAPHGNVIETGGARRFAPQAAPLS 
ITLQAGAHAQGKALLYRVLPEPVKLTLTGGADAQGDIVATELPSI PGTSIGPLDVALASQ 
ARWTGATRAVDSLSIDNATWVMTDNSNVGALRLASDGSVDFQQPAEAGRFKVLTVNTLAG 
SGLFRMNVFADLGLSDKLVVMQDASGQHRLWVRNSGSEPASANTLLLVQTPLGSAATFTL 
ANKDGKVDIGTYRYRLAANGNGQWSLVGAKAPPAPKPAPQPGPQPPQPPQPQPEAPAPQP 
PAGRELSAAANAAVNTGGVGLiASTLWYAESNALSKRLGELRLNPDAGGAWGRGFAQRQQL 
DNRAGRRFDQKVAGFELGADHAVAVAGGRWHLGGLAGYTRGDRGFTGDGGGHTDSVHVGG 
YATYIADSGFYLDATLR-ASRLENDFKVAGSDGYAVKGKYRTHGVGASLEAGRRFTHADGW 
FLEPQAELAVFRAGGGAYRAANGJRVRDEGGSSVLGRLGLEVGKRI ELAGGRQVQPYI KA 
SVLQEFDGAGTVHTNGIAHRTELRGTRAELGLGMA-AALGRGESLYASYEYSKGPKLAMPW 
TFHAGYRYSW 

SEQ ID NO:31 polypeptide sequence of Orfl6 

Atggcaggacaagcgaggggatggtacggcgcaggcggacgccacccaatacatttt caa 
Attt cggcgggcgctgcgttgatgctgggcctgctggacgt cgccggcgccgccgctgt C 
Acggcagcgcagcgaat agatggcggcgcggcgtt tctgggcgatgt cgccatagcgacg 
Accaaggcgtccgagcacggtat caacgtgactggccgcacggcagaggtt cgggtgacg 
Ggcggcaccatacggacgagcggcaaccaggcccagggcttgcgggtcggcacggagaat 
Gcaccggacaacaccgcgctgggcgcgtcggtett tttgcagaacctgatcatcgagact 
Tccgggaccggggcattgggcgtct ctgtccacgagccacagggaggaggaggcacgcgc 
ttgtccatgt CCgggacgacggtgcgcacgcgcggegatgacagtttcgcctgcagctt 
tcagggcctgccagcgc caccttgaatgacgtqgcgctggagacggccggccagcaggcg 
cccgcggtggtgctgtggcaaggcgcacagttgaacgcacaggggctggtggtt caggt c 
aacggggcaggcgttt ccgcgatacatgcgcaggatgccggcagctt cacgttgtcgggc 
tcggatattaccgcccggggcctggaagtcgccgggatctatgtgcaggaaggcatgcag 
gggacgttgacgggtacgcgggt cacgacgcagggcgataccgcgcccgccttgcaggtg 
gaggacgcgggtacgcacgtcagcatgaacggcggcgcgttgtcgacct ccggcgcgaat 
tcgcccgctgcatggctgctggctggcggttccgcgcagttccgcgatacggtattgagg 
accgtcggcgaggcctcgcatggcgtggacgtcgctgcgcacagcgaggtcgaactggcg 
catgcgcaggtgcgggccgacgggcaaggggct catggcctggtggtgacgcgaagcagc 
gcgatggtgcqggcgggt toactggtagagagcaccggagacggcgccgcggcgctgctg 
gaaagcgggcatcttacggtggacggcagcgtggt ccatggccacggcgcggccgggttg 
gaggtcgacggegagagt aatgtgtccctgct caacggcgcacgcctgtcgtcggaccag 
ccgacggcgat caggctgat cgaccct cggtcggt cctgaacctcgacatcaaggaccgg 
gcgcagctattgggcgacattgcgccagaggcgcagcagccggacggttcgcccgagcag 
gccagggtt cgtgtggcgct cgccgacggggggacgtgggcgggccgcacggacggcgcg 
gtccatacggtgcgat tgct cgatcgtggcgtctggaccgtgacgggcgattcccgggtg 
gccgaggtcaagctggagggcggcacgctggcgtttgcgccacctgcgcagcccaagggc 
gctttcaagacactggt cgcgacgcagggcatttccggt acgggcacgatagtcatgaat 
gcacat ttgc ccagcggcacggccgatgtgctggtggcgccgcagggattcggcgaccgg 
caggtgctggtggtcaacaacacggatgatggcaccgagagcggcgcgaccaaggtgccg 
ctgatcgaagacgaacaaggccatacggcgttcacgctgggcaacatggggggacgggtg 
gacgcgggtgcgcgccagtacgaat tgaccgcgagcgaggcgcaggccgacaaggcccgc 
acctggcagctgacgccgaccaacgagttgtccaccacggcgaccgccgccgtgaatgcg 
atggcgatcgcggcgt cgcagcgcatctggcaggccgaaatggacgtgttgctgcgccat 
atgagcggcctgcat tcgatcgggt cgccgggcggattctgggcgcgcggcctgagccag 
cgccagaggctcgataccggttacggaccctggcagaagcagaccgtcagcggaatagag 
ctgggcctcgacaggcgggtggccggcggcgcaacgacggcgtggtccgtcggcatgctg 
gccggctacagcgagacccggcgcgatggcggcgcataccgcgccgggcatgtgcacagc 
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gcgcacgtcggcgcgtatgtctcctacctgaatgattcgggctcgtatgtggatggcgtg 
gtcaagtacaaccgcttt cggcatggtttcgacattcgcacgaccgacctgaagcgggt c 
gatgccaagcaccgcagccacggcctgggcgcgttgctgcgcggcgggcgccgtatcgat 
atcgatggcggctggtatgt cgagccgcaggcttcggtggcgtggtt ccacgccggcggg 
agccgctatgaggccagcaatggcctgcgcgtgcgcgccgacggcgcgcatt catgggtg 
ttgcgcgccggggcggaggcgggccggcagatgaggttggccaatggcaatat cgttgaa 
ccctatgcgcgcttgggctgggcccaggagctgggggccgataacgcggtct acaccaac 
ggcatcaggcatgtcacgcgttcgcgtggcggatt cgccgaggcccgcgtggggqtgggc 
gccttgctgggcaagcggcatgccttgtacgccgact acgagtatgccaagggcgcgcgg 
ttcgaggcgccctggaccttgcagctggggtatcgct acagctggtga 

SEQ ID NO:32 polypeptide sequence of Orfl6 
MAGQARGWYGAGGRHPIHFQI SAGAALMLGLLDVAGAAAVTAAQRIDGGAAFLGDVAIAT 
TKASEHGINVTGRTAEVRVTGGTI RTSGNQAQGLRVGTENAPDNTALGASVFLQNII ET 
SGTGAIGVSVIEPQGGGTRLSMSGTTVRTRGDDSFALQLSGPASATLNDVALETAGQQA 
PAkVVLWQGAQLNAQGLVVQVNGAGVSAIHAQDAGS FTLSGSD ITARGLEVAGIYVQEGMQ 
GTLTGTRVTTQGDTAPALQVEDAGTHVSMNGGALSTSGANS PAAWLLAGGSAQFRDTVLR 
TVGEASHGVDVAAHSEVELAHAQVRADGQGAHGLVVTRSSAMVRAGSLVESTGIDGAAALL 
ESGHLTVDGSVVHGHGAAGIEVDGESNVSILNGARLSSDQPTAIRIJIDPRSVLNLDIKDR 
AQLLGDIAPEAQQPDGS PEQARVRVATLADGGTWAGRTDGAVH4TVRLLDRGVWTVTGDSRV 
AEVKLEGGTLAFAPPAQPKcAFKTLVATQGISGTGTIVMNA1ELPSGTADVLVAPQGFGDR 
QVLVVNNTD)DGTESGATKVPIIEDEQGHTAFTLGNMGGRVDAGARQYELTASEAQADKAR 
TWQLTPTNELSTTAT2AVNAMAIAASQRIWQAEMDVLLRHMSGLHS IGS PGGFWARGLSQ 
RQRLDTGYGPWQKQTVSGIELGLDRRVAGGATTAWSVGMLAGYSETRRDGGAYRAGHVHS 
AH-VGAYVSYILNDSGSYVDGVVKYNRFRHGFDIRTTDLKRVDAKH-RSHGLGALLRGGRRID 
IDGGWYVEPQASVAWFHAGGSRYEASNGLRVRADGAHSWVLiRAGAEAGRQMRLANGNIVE 
PYARLGWAQELGADNAVYTNGIRHVTRSRGGFAEARVGVGALLGKRHALYADYEYAKGAR 
FEAPWTLQI4GYRYSW 

SEQ ID NO:33 polynucleotide sequence of Orfl7 
Atgtatctcgatagattccgtcaatgtccgtcttccttgcagatcccgcgttccgcgtgg 
CgcctgcatgcgctggccgcagctctggcgctggccggCatggccggotggcgcccgcg 
GcggcgcaggcgccgcagccgccgtggccggCgcgccgcatgcgcaggacgccgggcag 
GaaggagagttcgaccaccgggacaacacgctcattgcagtctttgacgacggcgtCggc 
Atcaatctcgacgacgatcccgacgagctcggcgagacggcgccccccacgct caaggac 
Atccacatctcggtggagcacaagaacccgatgagcaagccggccat cggggtgcgtgtc 
Agcggcgccggccgcgcgctgacgctggccggctcgaccatcgatgccaccgagggcggc 
Att accgcagtggt acggcgcggcggcacgctggagctggatggcgtcaccgtggcgggc 
GgggaagggatggagccgatgacggtctctgaCgccggcagccgcctgagcgtgcgcggc 
Ggcgtgctgggcggcgaagcgccgggcgtcggcctggtccgggccgcgcaaggcggccag 
Gcgagcatcatcgacgagacgctgcagagcat cct cgggcccgcgct cattgccgacggc 
Ggctccatttccgtcgccggcggttcgatcgacatggacatgggcccgggattcccgccg 
Ccgcctccaccgcttcccggggcgccgctggccgcgcatccgccgctcgatcgcgttgc 
Gcggtgcacgccggccaggacggcaaggtgacactgcgggaggtggcgctgcgggct cac 
Gggccgcaggcgacgggcgtctatgcgtatatgcctggcagcgaaatcaccctgcaggga 
Ggcacagtcagcgtgcagggcgatgacggggccggcgtggtcgccggcgcgggcctgctc 
GacgccttgccgcccggcggcacggtgcggctggacggaaccaCggtgtcgaccgatggc 
Gccaacaccgatgccgtgctggttcgcggcgacgcggcgcgcgccgaggtcgtcaacacc 
Gtgctgcgcaccgccaagagcctggccgccggcgtat cggcccagcatggaggccgcgtc 
Acgctgcggcagacccgcatcgagaccgcgggcgcgggggcclgagggcatctccgtgctg 
Ggcttcgagccgcagtccggct ccggcccggccagcgtcgacatgcagggcggcagcat c 
Accacgaccggcaaccgcgccgccggcatcgcgctcacccacggcagcgcccgcctggaa 
Ggcgtggcggtgcgcgccgagggcagcggctcgagcgccgcgcagctggccaacggcacg 
Ctggtcgtcagcgcagggtcgctggcctcggcccagt ccggcgcgatcagcgtgaccgac 
Acgccgctgaagctgatgccgggcgccctggccagcagcacggtctcggtccggttgacc 
Gacggcgccacggcgcaaggcggcaatggcgtgtt cctccagcagcattccaccattccg 
Gtggcggttgccctcgagagcggcgccctggctcgcggcgatat cgt cgccgacggcaac 
Aagcccctcgatgccgggat ctccctcagcgtggccagcggcgccgcctggcacggcgcc 

127



WO 2005/032584 PCT/EP2004/01 1082 

Acccaggtgctccagtcggccacgctgggcaagggcggaacctgggtcgtgaacgccgac 
Tcccgggtgcaggacatgtcgatgcgcggcgggcgggtcgaattccaggcgcccgcgccc 
Gaggcotcttacaagaccctgaccctgcaaaccctggacggcaacggcgtgttcgtgctg 
Aacaccaacgtcgccgccgggcagaacgaccagttgcgggtcaccggccgcgccgatggc 
Cagcaccgcg'gctggtgcgcaatgccggaggcgaggccgacagccggggcgcccgcctg 
Ggcctggtgcatacccaggggcagggcaacgccaccttccggctggccaacgt cggcaag 
Gcggttgacctgggcacgtggcgctacagcctggcggaggat Ccgaagacgcatgtctgg 
Agcttgcagcgcgcgggccaggccctgtcgggggcggccaatgccgccgtgaacqcggcg 
Gat ctttccagcatcgccctggccgagtccaacgcgctggacaagcgcctgggcgagctg 
Cgcctgcgcgccgacgccggcgggccatgggcgcgt acgttcagcgagcgcc agcagatc 
Agcaaccgccacgcccgcgcctacgaccagacggt cagcgggct ggagat cgctggac 
Cgtggctggagcgcgt cgggcgggcgctggtacgccggcggcctgctcggctacacctat 
Gccgaccgcacctatcccggcgacggtggcggcaaggtcaagggcctgcacgt cggcggc 
Tacgccgcctatgtcggcgatggcggctactat ctcgacaccgtgctgcggctgggccgc 
Tacgat cagcaatacaacattgccggcaccgatggcggccgcgtcaccgccgactaccgc 
Acaagcggcgccgcatggtcgct cgaaggcgggcgccggttcgagctgcccaacgactgg 
Ttcgccgaaccgcaggccgaggtcatgctgtggcgcacgtcaggcaagcgct atcgcgcc 
Agcaatggcctgcgcgt caaggtggacgccaacaccgccacgctgggccgcctgggctt g 
Cgcttcggccgccgcat cgccctggccggcggcaacatcgtgcagccctacgccaggctc 
Ggctggacgcaggagttcaaaagcacgggcgatgtgcgcaccaatggcattggccatgcc 
Ggcgcaggccgccacggccgcgtggaactgggcgcgggcgtcgacgccgcgttgggcaag 
Gggcacaacctctatgcttcgtacgagtacgcggcgggcgaccggat caacattccgtgg 
tcgttccacgccggctaccgctacagcttctga 

SEQ ID NO:34 polypeptide sequence of Orfll 
MYLDRFRQCPSSLQI PRSAWRLHAJAAALALAGMARJAPAAAQAPQPPVAGAPH.AQDAGQ 
EGFHDTIVDGGNDDDLGTPTKIIVHNMKAGR 
SGAGRALTLAGSTIDATEGGI PAVVRRGGTLELDGVTVAGGEGMEPMTVSDAGSRLSVRG 
GVLGGEAPGVGLVRAAQGGQAS: IDATLQS ILGPALIADGGS ISVAGGS IDMDMGPGFPP 
PPPPLPGAPLAAHPPLDRVAAVHAGQDGKVTLREVALRZAHGPQATGVYAYMPGSEITLQG 
GTSQDGGVGGLAPGTRLGTSDATALRDAAVN 
VLRTAKSLAAGVSAQHGGRVTLRQTRI ETAGAGAEGI SVLGFEPQSGSGPASVDMQGGS I 
TTTGNRAAGIALTHGSARIJEGVAVRAEGSGSSAAQLANGTIJVVSAGSLASAQSGAI SVTD 
TPLKLMPGALASSTVSVRLTDGATAQGGNGVFLQQHSTI PVAVALESGALARGDIVADGN 
KPLDAGI SLSVASGAAWHGATQVLQSATLGKGGTWVVNADSRVQDMSMRGGRVEFQAPAP 
EASYKTLTLQTLDGNGVFVLNTNVAGQNDQLRVTGRALGQHRVLVRNAGGEADSRGARL 
GLVHTQGQGNATFRLAWGAVDLGTWRYSLAEDPKTHVWLQJGQALSGNVN 
DLSSIALAESNALDKRLGELRLRALAGGPWARTFSERQQISNR-ARAYDQTVSGLEIGLD 
RGWSASGGRWYAGGLLGYTYADRTYPGDGGGKVKGLHVGGYAYVGDGGYYLDTTLRLGP 
YDQQYNIAGTDGGRVTADYRTSGAAWSLEGGRRFELPNDWFAEPQAEVMLWRTSGKRYpJA 
SNGIJRVKVDANTATLGRLGLRFGRRIALAGGNIVQPYARLGWTQEFKSTGDVRTNGIGHA 
GAGRHGRVELGAGVDAALGKGHNLYASYEYAJAGDRINI PWSFHAGYRYSF 

SEQ ID NO:35 polynucleotide sequence of Orfl8 
Atgcacatttacggaaatatgaatcgagcaacaccttgecgcggtgcggtgcgtgccctt 
Gcgcttgccctgctgggagcgggtatgtggacactttctcct ccctcggcatgggcgctt 
Aagctcccgtcgctgctgacggacgacgagctgaagctggtt ctgccgactggcatgtct 
ctggaggattt caagcgcagccttcaggagtccgcgccgagcgcgctggcaacgccgccg 
t cgt cttcgcctccggttgcgaagccaggt ccgggctccgttgccgaggct ccgtcgggg 
tcgggccacaaggacaacccatcccct cccgt cgt cggcgtcggtccaggt atggcggag 
tcgtctggcggacataaccccggcgtgggggggggcacgcatgaaaatgggt tgcccggt 
ataggaaaggtcggcgggtctgcgcccggaccggataccagtacgggctcgggt cccgac 
gccggcatggcgt ccggagcgggtt cgacgt cgcc cggcgcat cgggtggggcgggcaag 
gatgcgatgccgccctcggaaggcgagaggccggactccggtatgtccgattcggggcgg 
ggtggcgaatcgtcggctggaggcttgaatccggacggcgctggcaagccaccgcgggag 
gaaggcgagccgggtt ccaagtctcctgcggacggtggccaggacgggccgccgccgccc 
cgggacggcggcgatgcggat ccgcaacctccgcgggacgatggcaatggggaacagcag 
ccgcccaagggcggcggggatgaggggcagcgcccgccgcctgccgccggaaacggtggc 

128



WO 2005/032584 PCT/EP2004/01 1082 

aacggtggcaacgggaacgcgcagctt cccgagcgcggcgacgacgcgggtccgaagcct 
Cccgagggagagggcggcgatgaaggt ccgcaaccgc cgoagggcggcggcgagcaggac 
gcgccggaggtt cct cccgt cgcgccggcgccgcccgcgggcaacggtgtctatgacccg 
ggcacgcataccttgaccacgccggcct ctgcggcggtgagcctggccagcagttcgcat 
ggcgtatggcaggccgagatgaacgcgttgagcaagcgcatgggcgagttgcgcctgacg 
ccggttgcgggcggcgtatggggccgcgct tttggccggcgccaggacgtcgacaaccgc 
gtgtcgcgcgagttccgccagaccatcagcggtttcgaactgggcgccgataccgccttg 
ccggtggccgacgggcgctggcacgtgggcgcggtggctggctacaccaacggccgcat c 
aagttcgaccggggcggcacgggcgatgacgacagcgtgcacgtgggcgcttacgctacc 
tacatcgaggacggc99tttctatatggatggcatcgt9gggtcagccgcattcgccac 
gcgttcaaggtggacgacgccaagggccggcgcgtgcgcggccagtaccgcggcaatggc 
gtgggcgcgtcgctggaactgggcaagcgcttcacgtggcccggcgcctggtacgtggag 
ccgcagctggaggtggccgcctt ccatgcgcaaggggccgactacaccgccagcaacggc 
ctgcgcatcaaggacgacggcacgaact ccatgctgggccgcctgggcctgcacgtgggg 
cggcagtt cgacctgggcgatggccgcgtggtgc agc cct acatgaagctgagctgggtg 
caggagttcgacggcaagggcacggtgcgcaccaacgacatccggcacaaggtgcggct c 
gatggcggccgcaccgaactggccgtaggggtggctt cgcaactgggcaagcacggcagc 
ctgttcggctcgtacgagtacgccaagggcagccgccagaccatgccgtggaccttccac 
gtcggctatcgctacgcctggtag 

SEQ ID NO:36 polypeptide sequence of Orfl8 
MHIYGNMPATPCRGAVRALALALLGAGMWTLSPPSAWALKLPSLLTDDELKLVLPTGMS 
LEDFKRSLQESAPSALATPPSSSPPVAKPGPGSVAA PSGSGHKDNPSPPVVGVGPGMAE 
S SGGHNPGVGGGTHENGLPGIGKVGGSAPGPDTSTGSGPDAGMASGAGSTS PGASGGAGK 
DAMPPSEGERPDSGMSDSGRGGESSAGGLNPDGAGKPPREEGEPGSKSPADGGQDGpPP 
RDGGDADPQPPRDDGNGEQQPPKGGGDEGQRPPPAAGNGGNGGNGNAQLPERGDDAGPKP 
PEGEGGDEGPQPPQGGGEQDAPEVPPVAPAPPAGNGVYDPGTHTLTTPASXJWSLAsSSI-I 
GVWQAEMN\ALSKRMGELRLTPVAGGVWGRAFGRRQDVDNRVSREFRQTISGFELGADTAL 
PVADGRWHVGAVAGYTNGRI KFDRGGTGDDDSVHVGAYATYI EDGGFYMDGIVRVSRIRH 
AFKVDDAKGRRVRGQYRG3NGVGASLELGKRFTWPGAWYVEPQLEVAAFHAQGADYTASNG 
LRIKDDGTNS4LGRLGLHVGRQFDLGDGRTVQPYIVIILSWVQEFDGKGTVRTNDIRHKVRL 
DGGRTELAVGVASQLGKHGSLFGSYEYAKGSRQTMYPWTF'HVGYRYAW 

SEQ ID NO:37 polynucleotide sequence of Orfl9 
Atgaaaccgacttccatcctggcacgtttgccccgctatctcggcgcctgcgcgctggcc 
Gcgctggccgcgctggctgtcgcgccgctcgcgccggcgcaggcacagact ccgctgccc 
Gcgggact cggcgccgccgaggtgcggcagtatttgtccggcctgccgtccgatgccctg 
cgccagcaggcgtcgtggctggcgccggcgctgttgcgcccctatctgtcaggcctgacg 
gatgcgcaattgcggcaatatgtgcaggcgctgacacccgggcagatcacgcaggggctg 
gcggcgttgacgcctgcgcagcgtgcgcggctgcagcgcgaatt cgaacggcaggcgcgc 
cggcaggtgcagcaggcggt acgggccgaggt Cgccgcgcgcagcgcgcgggcggtggcg 
atggggcagagcgcatcgatgctgctgctcgacgccgagatgggaaccctggcgcaacgc 
cagggcgat ctgcgccgcggccacgacgagggcgccttctgggcgcgcggcagcgcgaac 
cgcttcaaggt cgatacgccggacacaccggcgttcgacctgcgcgtggagt acctgacg 
ctgggcgccgaccatggctggcgcctggacacggggcggctctat ctgggc9cctacgcc 
ggcgtctcgcgcgcccgcatggatgacaacgacat catgcacggccggatcgaaagccgg 
ttcctgggcacgtacctgacttatgtggacaacggcgggttctacgtcgatgcggtcagc 
aagctggggcgtatcgacgagtccgtgtcgttcgacctgccgctggggctgggcgactac 
gacgacgat atatcgcatacaacgtatacgggcagtgccgaggccggctatcacttcaag 
ttgccgcaacgctggttcgtcgagccgcaggcgcaggtgatctactcgcgcagcagccag 
acgtcggtgcaggggcgggccggcgtgcgcgccggccgggat ttcaccctggccggcggc 
gcgaccttgcgtccttatgtcagcgcct cgtacctgcacgagttctcgcacgacgactcg 
gt cgattt cggcggcaagtcgtacgat gccgaactgcccggcagccgctggcagctgggt 
gccggcgcggcgctggacgtgggggcgcat cgcgcclzacgcggat ctgcgctatgggcac 
ggcgccaacatcagccaggacctgt cgctgaacatcggctacgcgtaccgcttctag 

SEQ ID NO:38 polypeptide sequence of Orfl9 
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MKPTSILARLPRYLGACALAALAALAVAPLAPAQAQTPLPAGLGAAEVRQYLSGLPSDAL 
RQQASWLAPALLRPYLSGLTDAQLRQYVQALTPGQITQGLAALTPAQRARTQREFERQAR 
RQVQQAVRAEVAARSARAVAMGQSASMLLLDAEMGTLAQRQGDLRRGHDEGAFWARGSAN 
RFKVDTPDTPAFDLRVEYLTLGADHGWRLDTGRLYLGAYAGVSRARMDDNDIMHGRI ESR 
FLGTYLTYVDNGGFYVDAVSKLGRIDESVSFDJPLGLGDYDDDI SHTTYTGSAEAGYHFK 
LPQRWFVEPQAQVIYSRSSQTSVQGRAGVRAGRDFTLAGGATJRPYVSASYLHEFSHDDS 
VDFGGKSYDAELPGSRWQLiGAGAALDVGAHPAYADLRYGHGANI SQDLSLNI GYAYRF 

SEQ ID NO:39 polynucleotide sequence of Orf2O 
Atggtcggcaggagttgtcat cgtgcagggtggttataccgggcgaccttc ctcTtatac 
Gccgcaaactgtgcttatcccgcgaacgcccaatcggtttctggttccggt cagGtgtcg 
Aacgggccgatcacgt caccgcactgggtggtgggcggggaactgatcgtcggggatacg 
Ggcgccgggaccttgctcatcgaggccggcggtaccgtgctcaacgactgggcctatat a 
Ggcagtgacaatggcgctgtgggcaccctgacggtgt cgggccgcgacggcgccggggcc 
Gcgtcgacctggacgactgtcgacgatgtgtcgatcggcgttgcggcgggcagcaggggc 
Acgctcgaggtgctcggcggggccagggcgcaaagcggatggggcaccatcggcgt cgct 
Gcaggcagcgtcggaagcgtgaccgtgtccgggcccgggt cggtgtggaat atcgccacg 
Gtcaattcgttccagatcggct cgggcggcagcgggacgctgtggatcgac cagggcggc 
Gcagtgtat agcgggcagggcgtcatcggttggaaccccggcagcgacgggcacgt aacg 
Gtattgggtccggcaacggtatggaacccgctgaacaatatctatgtcggt ctcggcggg 
Actggtgaactggatatccgggacggcgcggccgttgcgactgcagggt cgagcccgccg 
Ggcgccgcggcat cgatctacatcgggacgagcgcagggagcgccggcacggtaacggtg 
Tcgagcgcgacggccgtcacctcgacgctcacgtcgaccgaccgtatcgaaatcggctcg 
Gccggcgccggggtgctgactgtcgccaaaggcgggatggtgggcgtcgccagcgacgcc 
Tggatagccatcaccggcaogtcctccggaacgctgaacctgaccggcgat gccagcggc 
Cgaggcgtgctggaaacgggct cggtcatcaagggcgccggcaacgcgaccttcaacctg 
Gatggcggggtcctgcgcgccaatcgtgacgaggccaatttcct caatggt ttctccacg 
Caggcggtgggaagcggcggcgcctggttcgatacgaatgcccatgacgtgggcgt tgtc 
Accgccttctagggtacgtccagcttcaacaagctgggagccggcacgctgacgctgtca 
Ggcaacagcgcagcgttcacggggaacaccgatat &zaggccggaacyatgcaggtggao 
Ggcgttcttggcgggccggtggatgtgctggcgggggcgcggttgaccggtaccgggcgc 
Gtcggtgcgacggccaacaagggcaccattgcgccgggcccgcgcagcggctttggcacc 
Ctgacgat cgccggggattacgcggcccagggcggcaacctggaaatccgtacgcagctt 
Ggcgccgacgactcgccgaccgacaggctggtgat cacgggcgccagcgctggcgtgaca 
Ccggtcacggt cgagaat atcggcggcacgggcgcct cgacccagcggggcatacaggt c 
Gtgcaggt caatggcgcttcggcaggccggttcaacctcgccaacggcgattacgt catc 
Gaggggcgtccggcgctggtggccggcgcct at ggct at gtgctgcagcaggacgccgcc 
Gacggcgattggtatctgaaatcgtcgctgcccgaccctggggctccccaaggcgggggc 
Ggt ctgccgggcgccggggagcccgtgctttat aagccaggcgtgccggtct atgaagcc 
Tatgccaacacgctgctgcatctgagccggctttccacct tgcgccaacgggtcggcaat 
Cgcctttatgatccggcagatgt cggccgcaacggcgtatggagccgcgtcgagggctcc 
Gcgagccagctcgatccttccgcgtccacgactggcgaacgccaggacgtcgatagctgg 
Aaagtgcagttcggtgtcgaccgtat cctggccggcgggcaagagggctcccgcctggtg 
Ggcggattggcgctgcaytacggcaaggccgaaacgcgcgtgtcgt agatatacggcaat 
Ggcatgt cgacgccacggcctatggcctgaccccgacgctgacctggtacggcagggac 
Ggcgcctatgtcgatgcccaggcccaggcgat ctggt tcgacagcgacctgagttcacgg 
Ctggccggcaagctcaaggatggccggaaagcgcatggct atgggctgggtatcgaagcg 
Ggcaaggcctt cggattgcgggaggggctggccctgat cccgcaggcgcaattgtcgtac 
Gcatcgacccgcttcgacagcttcgacgacagattcggcgcccgcgtcgaagacgataag 
Ggcgacagcctgcagggcgtctcggcatcgcgctggactacaagagcagctggcaagcg 
Ggcggcgcgaaccgggagtcgagtgtcttcggcatcgtcaatgtgaagcatgagttcctg 
Gatggcacgcgcgtgcgcgt tgccggcgtgccggtaagcagccgcatggcgcgcacctgg 
Ggcagcgtgggagtgggggccgattacggttggggagaacgctacgccatttacggccag 
Gtggacgccgatgcagatttcgccggcagctacatcgtcaccgcgaccgcggggttcagg 
atgatgttctag 

SEQ ID NO:40 polypeptide sequence of Orf2O 
MVGRSCHRAGWLYRATFLLYAANCAYPANAQSVSGSGQVSNGPITS PHWVVGGELIVGDT 
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GAGTLLIEAGGTVLNDWAYIGSDNGAVGTLTVSGRDGAGAASTWTTVDDVS LGV1AAGSRG 
TLEVLGGARAQSGWGTIGVAAGSVGSVTVSGPGSVWNIATVNSFQIGSGGSGTLWIDQGG 
AVYSGQGVIGWNPGSDGHVTVLGPATVWNPLNNIYVGLGGTGELDIRDGAAVATAGSSPP 
GAAAS IYIGTSAGSAGTVTVSSATAVTSTLTSTDRI EIGSAGAGVLTVAKGGMVGVASDA 
WIAITGTS SGTLNLTGDASGRGVLETGSVI KGAGNATFNLDGGVLRANRDEANFINGFST 
QAVGSGGAWFDTNAH-DVGVVTAFSGTSSFNKLGAGTLTLSGNSAAFTGNTD IQAGTLiQVD 
GVLGGPVDVLAGARLTGTGRVGATANKGTIAPGPRSGFGTLTIAGDYAAQGGNLEI RTQL 
GADDS PTDRLVITGASAGVTPVTVENI GGTGASTQRGIQVVQVNGASAGRFNLANGDYVI 
EGRPALVAGAYGYVLaQQDAADGDWYLKS SLPDPGAPQGGGGLPGAGEPVTJYQPGVPVYEA 
YANTLLHLSRLSTLRQRVGNRLYDPADVGRNGVWSRVEGSASQLDPSASTTGERQDVDSW 
KVQFGVDRI LAGGQEGSRLVGGLALQYGKADTRVSSIYGNGTVDATAYGLTPTLTWYGRD 
GAYVDAQAQAIWFDSDLS SRLAGKLKDGRKAHGYGLGIEAGKAFGLREGLALIPQAQLSY 
ASTRFDSFDDRFGARVEDDKGDSLQGRLGIALDYKSSWQAGGANRESSVFGIVNVKHEFLa 
DGTRVRVAGVPVSSRMARTWGSVGVGADYGWGERYAI YGQVDADADFAGSYIVTATAGFR 
MF 

SEQ ID NO:41 polynucleotide sequence of Orf2l 
AtgccgtcacccgatgccttgccgCacacgccgcctgcttcaggcggcgat cgcgtgatc 
Agcgggatcctgcagcaggacctcggcagttggctggcgccggatgccgcaaagcgcagc 
Ccct ccgagcctggcaaggcggccgaaaaaat cggggtaatgccgaacgaggacct cggc 
Aagtggctggt tccgggggcqcaaaagaacaatccgcccgagcctggcaagacgctggac 
GaaatccgTgcgggtct cgaaaaatgggtggcgcccgggtccaagccgccgt cgaaccg 
GatccggacaaggcgacgcaggcgtatcgcaaagacctcgataaatggCtggcgcctccg 
Gccaagtccggcccgcccgaagcgccacccgtcgt ccaacccgaagcgccgccgcaagcg 
Caacctgaggcgccgcctgtcgtgccgccgccggccgagccgccagcagct cgaccgccg 
Gccgttccgcccgcgcggccggccggcgacgcggtgtacgtgccgggcacgcgcacgctg 
AcgccgacggccaacgcggcggtgggcacggccagcgccgcgcaaggtctgtggCaggc 
Gagatgaacgcgttgagcaagcgcatgggcgagttgcgcctgacgccggtt gcgqgcggc 
Gtatggggccgcgcttttggccggcgccaggacgtcgacaaccgcgtgtcgcgcgagtt c 
Cgccagaccatcagcggtttcgaactgggcgccgataccgccttgccggtggccgacggg 
Cgctggcacgtgggcgcggtggctggctacaccaacggccgcat caagt tcgaccggggc 
GgcacgggcgatgacgacagcgtgcacgtgggCgcttacgctacctacatcgaggacggc 
GgtttctatatggatggcatcgtgcgggtcagccgCattcgccacgcgttc aaggtggac 
Gacgccaagggccggcgcgtgcgcggccagtaccgcggcaatggcgtgggcgcgtcgctg 
Gaactgggcaagcgctt cacgtggcccggcgcctggt acgtggagccgcagctggaggtg 
Gccgccttccatgcgcaaggggccgactacaccgccagcaacggcctgcgcatcaaggac 
Gacggcacgaactccatgctgggccgcctgggcctgcacgtggggcggcagttcgacctg 
Ggcgatggccgcgtggtgcagccctacatgaagctgagctgggtgcaggagttcgacggc 
AagggcacggtgcgcaccaacgacatccggcacaaggtgcggctcgatggCggccgcacc 
Gaactggccgtaggggtggctt cgcaactgggcaagcacggcagcctgttcggctcgtac 
Gagtacgccaagggcagccgccagaccatgccgtggacctt ccacgt cggctatcgctac 
gcctggtag 

SEQ ID NO:42 polypeptide sequence of Orf2l 
MPSPDALPHTPPASGGDRVI SGILQQDLGSWLAPDAAKRSPSEPGKAAEKIGVMhPNEDLG 
KWLVPGAQKNNPPEPGKTLDE IRAGLEKWVAPGSKPPVEPDPDKATQAYRKDLDKWLAPP 
AKSGPPEAPPVVQPEAPPQAQPEAPPVVPPPAEPPAARPPAVPPA.PAGDAVYVPGTRTL 
TPTANAAVGTASAAQGLWQAEMNALSKRMGELRLTPVAGGVWGRAFGRRQDVDNRVSREF 
RQTI SGFELGADTALPVADGRWNVGAVAGYTNGRI KFDRGGTGDDDSVHVGAYATYI EDG 
GF'YMDGIVRVSRI RHAFKDDAKGRRVRGQYRGNGVGASLELGKRFTWPGAWYVEPQLEV 
AAFHAQGADYTASNGLRIKDDGTNSMLGRLGLI-IVGRQFDLGDGRVVQPYMKLSWVQEFDG 
KGTVRTNDIRHKVRLDGGRTELAVGVASQLGKHGSLFGSYEYAKGSRQTMPWTFHVGYRY 
AW 

SEQ ID NO:43 polynucleotide sequence of 0rf22 
Atgtgcgacacctgcagagatgatgatggcacctcgcctt cgatt cgcgtccaaggcggg 
Gttgttcagggcggcatgggtgcaaataacgtcgctgtggtggcaacagggt ctggaaag 
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Gtcgcgatcgagaatgcggaactgctcggagccagcggcatgtacgccacgttcggcgcg 
caggtcgat atgaaaggcgggcgcattctggcgcacaacaccaatatcctgggaagccag 
ggttaogccgatggtccctatggcggcgtggtcgtgacagaggacggtcaagtcaacctg 
gagggcgccaaggtcagtgcaactggcctgggggccgccggcttgtggttgctgggcgac 
aaggacaccagcccgcgagccagcctgcgcaacaccgacgtccacggagaggtcgccgcc 
attgcgctggggttcaatggcgaggcgaacat ctcgggcggcagcttgagcgtagaggat 
ggggccgtgctcaccaccctgacgcccgatgcagtcgagtattactacgactacgccttg 
tccatggagcatctgccagctgatgcgccgttgacgccggtccgcgtcacgctgtccgat 
ggcgcgcgcgccagcggagaaacgttgatcgcgcatggcgggttgttgcccatgacgctg 
cgcttgagcagcggggt cgacgcccgcggcgacat cgtcacgctgccgccttccgcgccg 
occgattccgcggagcaaccggatgccgagccggaaccggatgccgagctggaaccggac 
gccgcggcgcagt cggacgc caaggcgaatgcgcgggt catggcgcaggtagatggcggg 
gaacctgttgccgtgccgatcccggccccttcgcatcccgatgccccgatcgacgtgttc 
atcgacagcggtgcccaatggcggggcatgaccaagaccgtcaatgcgt tgcgcatcgag 
gacggcacctggaccgtcaccgggtcgtccacggtgaacagcctgcacctgcaggcaggc 
aaggtggcgtacgcaacgcctgccgaaagcgacggagaattcaaacacctgcgggt caag 
accctctcgggaagcggcctgtt cgagatgaacgccagcgccgacctgagcgatggcgac 
ctgctggtcgtgtccgacgaggccagcgggcagcacaaggtgctggtgcgaggagccggc 
acggaacccaccggtgtggaaagcctgacgctggtcgagctgcccgagggcagccagacg 
aagttcacgcttgccaaccggggcggggtggt cgacgccggcgcgtt ccgctatcgcctg 
acgccggacaacggtgt ctggggcctggaacggaccagccagctttcggccgtcgccaac 
gcggccttgaataccgggggcgtgggcgcggccagcagcatctggtatgcggaaggcaat 
gcgctctccaagcgcct gggcgagttgcggctcgatcccggcgcgggcggcttctggggg 
cgcacgttcgcccagaagcagcagctcgacaacaaggctggccgacgcttcgaccagaag 
gtgtacggttt cgagctgggggccgaccatgccat cgcaggacagcaagggcgctggcac 
gtgggcggcctgctgggctatacccgcgcaaggcgcagcttcatcgatgacggcgccggg 
cataccgacagcgcgcatat cggggcctacgcggcgt acgtggcggacaacggctt ctat 
ttcgattcgaccctgcgcgccagccgcttcgagaacgacttcacggtaacggccaccgac 
gccgtttcacgt acggggcaagtaccgggccaatggggtaggcgccaccttggaggccggc 
aaacgtttcacgttgcacgacggctggttcgtcgaacctcagtccgaggtgtcgctgtt a 
catgccagcggcggaacctaccgtgccgcgaacaacctgtcggtcaaggacgaaggcggc 
acct ccgccgtgctgcgcctgggct tggcggccgggcgacgcat cgacctgggcaaggac 
cgcgtgat ccagccct atgccaccctgagctggctgcaggaatt caaaggcgtcacgacc 
gtt cgcaccaacgggtacgggctgcgcaccgacctgagcggtggccgggctgaattggcg 
ctgggcctggccgccgcgttggggcgcggccaccagctct acact tcgtacgagtacgcc 
aagggcaacaagctgaccttgccttggacgttccacctgggctatcgctacacctggtag 

SEQ ID NO:44 polypeptide sequence of 0rf22 
MCDTCRDDDGTSPB IRVQGGVVQGGMGANSNVAVVATGSGKVAIENAELLGASGMYATFGA 
QVDMKGGRILAHNTNILGSQGYADGPYGGVVVTEDGQVNLEGAKVSATGLGAAGLWLLGD 
KDTS P1ASLRNTDVH-GEVAAIALGFNGEANI SGGSLSVEDGAVLTTLTPDAVEYYYDYAL 
SMEHLPADAPTLTPVRVTLSDGARASGETLIAHGGLLPMTLRLSSGVDARGDIVTLPPSAP 
PDSAEQPDAEPEPDAELEPDAAAQSDAKANARVMAQVDGGEPVAVPI PAPSI-PDAPIDVF 
IDSGAQWRGMTKTV1NALRTEDGTWTVTQSSTVNSL1HLQAGKVAYATPAESDGEFKHLRVK 
TLSGSGLFEMNASAJJLSDGDLLVVSDEASGQHKVLVRGAGTEPTGVESIJTLVELPEGSQT 
KFTLANRGGVVDAGAFRYRLTPDNGVWGLERTSQIJSAVANAALNTGGVGAASSIWYAEGN 
ALSKRLGELRLDPGAGGFWGRTFAQKQQLDNKAGRRFDQKVYGFELGADHAIAGQQGRWH 
VGGLLGYTRARRSFIDDGAGHTDSAHIGAYAAYVADNGFYFDSTLRASRFENDFTVTATD 
AVSVRGKYRANGVGATLEAGKRFTLUDGWFVEPQSEVSLFHASGGTYRAANNLSVKDEGG 
TSAVLRLGLAAGRRIDLGKDRVIQPYATLSWLjQEFKGVTTVRTNGYGLRTDLSGGRAELA 
LGLAAALGRGHQLYTSYEYAKGNKI.TLPWTFHLGYRYTW 

SEQ ID NO:45 polynucleotide sequence of 0rf23 
Ttgcgccagaccacgccggtgccggtgcggctcgtcctgcgcggcgcggcggtcgcgcag 
Ggcgatgtcgtgcgcgcgcccgagacggcgccggagaaggatgggttcggcacgcccgtg 
Cggccgggcttgcgcgt cgggctggaccaggcgccgctcgagct cgatgtggccgacggc 
gcgcagtggcatggcgcgactcagt cgcttgacagqctggccctgggcgcgggcggccaa 
tggcgcatgagcgcggcatccagcgtgggcgaactgagcatggagcctggcgcggccgtc 
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gtgttcggcgatgcggccggaccgggttttcaaacgctgagggcgcaccctggcgggc 
gccggttcgttcgagatgcgtgcggacgccgcgctggagcatgccgatcaactggtggtg 
accgaccaggccgaagggcggcatcgcgtgtggttgcgcgcgccggccggcgccgagccg 
tcgaaggcacaggccgtgctggtgcgcgcgcccgcagacggcaaggccagtttcgaactc 
gacggcagcgacggcagggccgact tcggcacctat cgct acgggctggcgcagcagccg 
ggcggcgcctggggcctagL caggacggggtattcgtccaccgccgccgcggcgctggat 
accggcggactgggcgcggtgcaggggttgtggtatgccgaatccaacgcgt tgggcaag 
cgcatgggcgaattgcgcctgaacccggacgccggcggcgcct~ggccgggcgttcagc 
cagcgccagcgcatcagtccgcgcgcgggccggcatttccagcaaggcgtcagcggcat c 
gagctgggcgccgaccg99cctggccgtggccg9g8ccgttggcatgcggctggttg 
ctgggctaaacgcgcgcgt cacgcgggttt tccggccagggaaaggggcacaccgacagc 
gtgcacgtgggcggctatgccacctatatcggcgccaatggcgtgtacgccgatgccacg 
ctgcgcgccagccgcttcgagaa'ctcgttcgacgcacctggctgggcggggcgcaccgtg 
t ccggcagctaccgcgccaatggcgtgggcgtgacgctggaggccgccggcgtctggcg 
ctggaccggcactggttcgtcgagccgcaggccgaactggcgtggtttcgtgccgqcggc 
ggt acgtacacggccagcaatggcctgcgtat cgaggatgacggcggcacgt cgctgcag 
gcgcgggtaggcgcgcaagccggccgccgctt cgacttgcgcggcggcgcggtggtgcag 
ccct acgcgcagctgagttgggtgcaggaact caagggcgtgagcacggtgcgcaccaac 
ggcatcgcgcaccgtaccgacctgggcgcgggccgcgtcgaactgggactgggcgtggcg 
gccgcgctgggcaagggccacaatctgtacgcqtcgtacgagtacgcgcacgggcccagg 
ctcagcctgccgtggaccgtgcagctgggttaccgctacgcttggtaa 

SEQ ID NO:46 polypeptide sequence of 0rf23 
LRQTTPVPVRLVLRGAAVAQGDVVRAPETAPEKDGFGTPVRPGLRVGLDQAPLiELDVADG 
AQWHGATQSLDRLALGAGGQWRMVSAASSVGELSMEPGAAVVFGD)AAGPGFQTLTVRTLAG 
AGSFEMRADAALEHADQLVVTDQAEGRHRVWLRAPAGAEPSKAQAVLVRAPADGKASFEL 
DGSDGRADFGTYRYGLAQQPGGAWGLVRTGYS STAAAALDTGGLGAVQGLWYAESNALGK 
RMGELRIJNPDAGGAWGRAFSQRQRI SPRAGRHFQQGVSGIELGADPAWPVAGGRWHAGWL 
LGYTRASRGFSGQGKGI-TDSVHVGGYATYIGANGVYADATLRASRFENS FDAPGWAGRTV 
SGSYRANGVGVTLEAGRRLALDRHWFVEPQAELAWF1PAGGGTYTASNGLRIEDDGGTSLQ 
ARVGAQAGRRFDLRGGAVVQPYAQLSWVQELKGVSTVRTNGIAIRTDLGAGRVEJGLGVA 
AATLGKGHNLYASYEYAHGPRLSLPWTVQLGYRYA-W 

SEQ ID NO:47 polynucleotide sequence of 0rf24 
Ttgccttcgccgcccgaagaggcgcctcaggcggggcccgacgcgtccaagcagcggccg 
Gagggcctgcccgcgcccgatgccaatccccaacccgatgcaaagcccggagctgagatg 
Aaaccccggcctggggtggaacccggacctgaggcggaacctggt ccgcaggggcagcct 
ggcccccagcctggagcccggccgcaggacgagccgcacgcgcagccgctgCgcccgc 
ggcaaceccggcgctgggatttacatgccacgcagcggcatcttgaccgcaccggtt ctg 
gccgtgctgggcacggccagtgcgccgcaaggtatctggcaggcagagatgaacgccctg 
agcaagcgcatgggtgaattgcggcttacgccggcagccggcggcgtgtgggcacgctcg 
ttcgcgcaacgccaacgcctggacaat caggtggtggacaggtt cacccagaccgtgggc 
gggat cgagattggcgccgacacggccttgccggcggccgaggggcgctggcatgtaggc 
gcggtggccggct acagccgtgcgcgccgcaagctggcgcacagcgcccgtggcaacagc 
gacagcctgcatgtgggcgcctatgcgacgtatatcggegacggcggctt ctacct cgac 
gggattgtgcgggtgaaccgctacgagcacgattt cagggctgacggccagcgcggcgcg 
cgcgtgacgggcaagtatcgcgccaatggcat cgggctgtcgctggagaccggcaggcgt 
ttcacatgggccggcgactggtL cgtggaaccgcaggtcgaagtqqcgttgt tccgttcg 
ggcggggcagact acacggccagcaatggcgtgcgcgtcgacgtggcaagcaccaagtcg 
ttgctgggccgggcaggcctgcaggtgggacgcaagctggatctgggcaacggcaaactg 
gtgcagccgtacgccaagctgagctggttgcaggagt lcgatggcgtgggcaaggtgcgc 
accaacgat atcggccatgacgtcaaactgcggggagggcgcgccgaactcgacttgggc 
gtggccgcggcgcttggcaggcacagcagcctgtttgcttcgtacgagt acagcaagggc 
agccgcttgaccattccgtggagctttcacgtcggctatcgatacgcctggtaa 

SEQ ID NO:48 polypeptide sequence of 0rf24 
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LPSPPEEAPQAGPDASKQRPEGLPAPDANPQPDAKPGAEMKPRPGVEPGPEAEPGPQGQP 
GPQPGARPQDEPHAQPI.PPAGNPGAGIYMPRSGILTAPVLAVLGTASAPQGIWQAEMNAL 
SKRMGELRLTPAAGGVWARSFAQRQRLDNQVVDRFTQTVGGIEIGADTALPAAEGRWHVG 
AVAGYSRARRKLAHSARGNSDSLHVGAYATYIGDGGFYLDGIVRVNRYEHDFRADGQRGA 
RVTGKYRANGIGLSLETGRRFTWAGDWFVEPQVEVALFRSGGADYTASNGVRVDVASTKS 
LLGRAGLQVGRKLDLGNGKLVQPYAKLSWLQEFDGVGKVRTNDIGHDVKLRGGRAELDLG 
VAAAILGRHSSLFASYEYSKGSRLTI PWSFHVGYRYAW 

SEQ ID NO:49 polynucleotide sequence of 0rf25 

Atgagacggtt aaaggcccaggctttcgagggcagccgcagcaggccggcaggacatggg 
Gtggcgcctaccttgctggcgctggccctggggtt ccagggggcggcggcgtgggccaat 
Tgcacgacgtcaaacggtgctaccacttgcaccaacgccaacggctctcataccaacaag 
Gtgggcagtggaccgagcgggatgaacgaacgcgtcaccgtgaat cagggggcgcgcat c 
GAgacaaacgccagcgcggcgat cagtgtgggaacgagcgggcaggt acgaat cgagggc 
Ggtgcagtagtgcaaagcacggtcaat actgctgcgt ccggccagtacgccaaaacgctg 
Gaagcagcaagcaataacaatattt ccatccaagt aaacgcgcagctcctggccaagggc 
Agcgcttcgcagt ccagcgcgttgggattgtcaggcgccggcaataccgtcaccaaccat 
Ggcacgatccgggccgataatgccgcggcaat ctgggt cactgccaataccgccaatgcg 
Gccaataccat cgat aactacgggactatcgaaacagtgctcaatggcggctacgccaac 
GccatcggcagcacgcggaacaacagtgccacgggcgctggcgtgacggtacgCaatcat 
Gccaacggacgcatcgt cggcaacgtgaagtt cgaggctggcgacgacagcgtcatact c 
Gacggcggctctaccat caccggatccttgaacggtggcagcggcaacaacagcctgacg 
Ctgaaagcoggcgacggcacgctgggccgcgcaat ccgcaacttcggcacgatcaccaag 
Caggaggctggaacctggaccctgaatggccaggtcggccgcaacgacaacaacct caag 
tccacggt caaggtggagggcggcacgctggt cttgcgcggcgataacagcggcgccCcc 
cagggcggcgtgttgcaggtgtccgccggcgctacggcggacgtaactgccgccagcgcc 
atgcagtccat cagcaacgccggcacggttcagtt cacgcaggacagcaatgccgcctac 
gccggcgtgctgagcgggaccgggagcatcgtcaagcgcggcggcggcgacctgacgttg 
acgggcaacaacacccataccggcaaggtggtggtggaggcgggcagcctcagcgt atcg 
gcggccaacaacctgggtggcqcaggt agttcggtacagCtcaaggcggcgccctcgcc 
ctcaagaaaaccatcgt cgt caatcgcggcctgacgctcgattccggggcgcagacgttg 
atcatcgagccgggaacaaccacgacctggcaaggccaggttagcggcgccggcaaactg 
gtgacccagggcggcacgctggtgctggagcacgcgt ccaatacgtatagcggcggtacg 
gagatcaacaacggaacgctgcgggcggcgcatgatgccagcctgggttccggcacgttg 
gcgctcaagaacagccagctggccgccacggacagcttcacggccacgcgtgcattgacg 
ctcgctggaaacgaaagcatagacgtcgcagccaccaagatact cagttggaacggcgaa 
atcagcggcgccggcaccctggtgaaggaaggccaggggaccttgctgctgcgcggaac 
aat cagcaaaatggcggcacgaccgtcaatgccggtacgctgcagatatcccgcgacgc 
aatcttggccgaggggcgctggcgctgaacgacggcacgctgcagagcaccggcagcttc 
gcgacctcgcgcgcggccacct tgcgcggccaggccaccatggaggtcgacgct tcgcat 
accgtgacctggaatggcgagctgagcggcggcggcatgttgcgcaagt caggccagggc 
acgctggtcctggccggcgccaacacgtactcgggtggcacggtggtcgaggccggcgcg 
ctt cgggcaggacacgaagacaacctgggacggggcgcaataaccctgcagggcggagat 
ctgcttgccggcggcagtttttcgagcaaccgcgatctcacgcttgt ccgcggttccttg 
gacgtggctcgcgacgct accctgacctggagcggcgcgatatcgggcgccggcgatctg 
gtcaagaaaggggacgggcgcctgacactcacgggcgtcaacgagtacgccggccaga~c 
gtgctccggggcggcaagctgcgtgtggccagggacgaaaacctgggccgcggagcactg 
gtgctggaagacaataccgtgtt cgagagcatgggct cgcatgccgccacgcggcaggtc 
acgct caagggcgcgcccaaggtagagacgct tgacggcactacgct agaatggcgcggc 
acggtcgacggcgacggcaagctgtacaagcaaggcggcggcacgct cgtgctgagcggc 
aacaatacctacgccaagggcgtcgaggtctggggcggggtcgtgcaagtctctCgcgac 
cagaacct gggcgcggccaatggcgcggt cacgct caacggcggcgggttggcggc caac 
ggggattt caccagcaat cgccagctggagctgaccgccggggccaaggccatcgacgtc 
gcggccggcaaggacgtgacgtggcgcggtgtcgt caacggcgccggcgcgctgaccaag 
gccggcgacggtacgctggcgctggccggcgccaacacctacaccggcggcacgcgcttg 
cagggcggcaccgtgcaggt atcgcgcgacaacaacctcggccaggocgccggcgcggtc 
acgttcgacggcgggcggctggccaacacgggcagctttgcgaccgcgcgcacggccacg 
ctcaacaaggctggccagat cgataccgaccggggcaccacgctgacatggaacggcg~c 
atcggcggcaagggcgagctgcgcaagcaaggggcgggcaccctggtgctgggcggagcc 
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aacacttaccagggcgacacccgcgtcgaggccggcacgctgcaagtgt cggccgacgcc 
aatctgggccagggcgccgtgcatctgcacgacagccggctggcgacgaccggtacgtt c 
9cgacctcgcgccgtctggagttgaccggacgtggcgcggtgcaagcggctgccgccgcc 
acgctggattggcgcgggacggtcgctggcgccggcacgctggtcaaggagggcgcaggc 
acgctggtgctggccggtgacaaccagaatgccggcggcaccgaggt cagggccggcacg 
ctgcaggtatcgcgcgccaccaacctgyggcccggcgcgctggcgctggagaacgcggcg 
ctggccacgaccgccagcttcacggccacgcaggcagccaccctgactggcaacgccgcc 
atcgacacggccgccggcaccacgctgggatgggaqqgggoccat cggcggaaccggcagc 
ctgcacaaaaagggcgagggaaagctggtgctggtcaaggacaaccaccatgacggcggc 
accacgatccacgccggtaccctgcaggtgtcgcgcgacgccaacctgggctcgggacag 
agcgcggtgacgctggatggcggcgccatggcggttt ctgccgggttat ccagcgg9gc 
gagatcgtcgtgggcgccgggcacggcgcgcttt cggtgacgggcggccacaccctgcaa 
tggcagggccaggt cggcggggcgggggcgt tgaccaagacgggcgacggcacgct cgtg 
ctggagcacgacaatacccacgccggcggt acccggattaccqgcggggtgctgcgcgt a 
tcgagcgatgagaacctgggcgaggcgaatggcatgctgacgctagacggaggcagctg 
tcgacacagaagggttgcgagaaggagaaacgccaaagtgggaaggaggcggcagg 
atagtcgt cgccgacgccgccacgctggatttgcagggagacgttgccggcgagggacgg 
atggt caaagagggcgcgggaacgctggacttgggcggcacgaaacatatgccggcgga 
accgtggt cgaggaaggcaagtgagqgtagcgcgagaagccaacatgggaggcggcgcg 
ctgaaaatgaacaacagccgcatgaatgcgaaagaaggctttgccaacggaagagatgag 
acctctacgggcgcgcctcgatagaacagaagaccgggcgacgatgaaatggagaggc 
acggtcaatgcgcaggcagctggtaagcagggcctgggcaaa ctggtactggacggc 
gacaaccqgtaagcgggaggcaccgaggtaaatgccggcacgatgaaggt cgagagagac 
gccaaatgggcgagggcgacgtggcgctaaatggaagcagcctggccgcgaacgccagc 
ttcgcaagcgagcacggcaagtgagaggcgaggaagacat agacaggaagacggc 
gcacattggaatqgaatggactgat agaaggtgaaggcgccatggt aaagaagggaaa 
ggcacctggcgctggaagcggcaaacagctatggcggaggaaatcgtcaaggagggc 
gaagtgcggat cgcacgcgaagacaaaatggggagggaaggaaccggcgt aacgatggac 
ggaggagcgctggccacaggcggatatagcgacaggcagcgcggagacactgggagcg 
gcaaaggcaagctggacgtggacgaaggaacacgcatggaatggaacggggagat agga 
ggagccggcgagatgacaagaccggcgaaggaaccatggcgctcaacagacaacaag 
aatgacggcggcaaactggt acatggcggagctgcggatagcaagcgacgcaacatg 
ggagaggagggaggcggtgaagatggacggcggagctggcaaaggcgt agt tg 
gcgcccgagcgagcgatgcgcgtcggggcgcgaaaggcgtattgctgccggacgcggga 
aagacctggattggaggggagtggtcgaaggagcgggaaagatgacaaaggaaggt cag 
ggcacgctggtgctcagcgccgataaaogcaatggcggaggaggaagtacaggcggt 
acgctgcaagtttagagagaagccaaatgggagcggcggcaggagacatgacgatggaa 
ggcggcacct tgct9gaacagcaagct t gcct cggcgagtgt cgcaaactcgatgcc 
gcgggaggcaaattcgtacacgagaaggaacaggctggattgggaaggagcgataggc 
ggggcgggtggcctggtaaaggaaggcgccggcgagctgcggcttggcaatgccaatacc 
t aaaaggggaagaaaagcatcgcagaaggccgcatggcagtcaacggaagcatagaccagc 
caggtcaaggt cgagaaggcaggagtgatgggcggcaagggaagaatagtcggggatgtg 
gccaaa cgcggcgtggtagagcagggcaaatcgatcggagcgttgacggtggcaggcaat 
taagctggtacgggaggcagactggaagtggaggaggtgcttggcggcgacgcagcgccg 
gacgatcggatggtgctagacggaggagcggacagcggagtcaagcggiagtagt aaag 
cgaagggcggggtgggaggaatgaacctgcgcggcatt aaggtggtagtggaaaagggt 
ggcgccaagaccgagcaaggggcttccgcctggcgcagacgatggtagagggagcctaa 
gagtaccagttgctgcgcggcgcgggcgaaggcgcagaggagaaggagcaagaatggtaa 
ctgcgtacatcccgcgtagagagagaaaaggcgggcaggatagtcaaggtcgtgcccttc 
t aacggcccgaggtggagatgtatgccggcacgaacatgctgatgagaatggtcggag 
gaagcgctgggcagctaaagcgaaagcgagggaaagcacggagcggcagcgcccgaggca 
ggcgccgcagcccggcgtggcgtgtgggcacgtacattagggagtagtttcgagcgatac 
gagggcagagaagcggcgaagtccttcaacggcagaatggacggcatgcagatgggcgcg 
gacctctacacgcgtcgataggcacaaggcatgaagaagcattaggcgtgttaggcgga 
t aagcaacggcaagaggagatgtgcggggcatggcgcgcggagagat aaaggaggtggga 
aagtcacagctgagggaagaaaagatgggagactactggacgaaactggt ccgagagga 
tggtaagt agacaaggtgatggagggaacgagatacaagcagcagaaaagatagtaggcc 
aatgtcggagcgaccagaagcggatggggaatgatggaatcggtggaggaaggctaccag 
tggcagct aaatccgagctggaaaatagagacgaaggcacagttggtgtatcagaagatt 
ggaatagaaaatggcgaagaccgagtgt cttaggtgtagtaaaagaagaccgatgagatg 
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acggggcggctgggcacgcgcctggcgggccagt acgcatacgggaaggcgcagttgcgg 
ccgttcatgggcgtatcgctgctgcacgatttcaccggcgccgacaccgtcacgttcgcg 
ggcgtgcacagcgtacgcgccagccgccagaacacggccgtggatctgaaggcgggcgtg 
gacacgcagctgggcaagagcgtaggcctgtgggggcaggtcggctacggcaagtcggtc 
ggcagcggcgacggcagcgaccgtggctggagcgccaacctggygctgcgcgtggcgtat 
tga 

SEQ ID NO:50 polypeptide sequence of 0rf25 
MRRLKAQAFEGSRSRPAGHGVAPTLLALALGFQGAAAWANCTTSNGATTCTNANGSHTNK 
VGSGPSGMNERVTVNQGARIETNASAAISVGTSGQVRIEGGAVVQSTVNTAASGQYAKTL 
EAASNNNL SIQVNAQLLIKGSASQSSALGLSGAGNTVTNHGTIRADNAAAIWVTANTANA 
ANT IDNYGTIETVLNGGYANAIGSTRNNSATGAGVTVRNHANGRIVGNVKFEAGDDSVIL 
DGGSTI TGSLNGGSGNNSLTLKAGDGTLGRAIRNFGTITKQEAGThTLNGQVGRNDNNLK 
STVKVEGGTLVLRGDNSGATQGGVLQVSAGATADVTAASAMQS ISNAGTVQFTQDSNAAY 
AGVLSGTGSIVKRGGGDLTLTGNNTHTGKVVVEAGSLSVSAANNLGGAGSSVQLKGGALA 
LKKTIVVNRGLiTLDSGAQTLI IEPGTTTTWQGQVSGAGKLVTQGGTLVLEHASNTYSGGT 
EINNGTLRAAHDASLGSGTLALKNSQLAATDSFTATRLTLAGNESIDVAATKILJSWNGE 
I SGAGTLVKEGQGTLLIJRGTNQQNGGTTVNAGTLQ ISRDANLGRGALALNDGTLQSTGS F 
ATSRAATLRGQATMEVDASH-TVTWNGELSGGGMLRKSGQGTLVLAGANTYSGGTVVEAGA 
LRAGHEDNLGRGAITLQGGDLLAGGSFSSNRDLTLVRGSLD)VARDATLTWSGAI SGAGDL 
VKKGDGRLTLTGVNEYAGQTVLRCGKLRVARDENLGRGALVLiEDNTVFESMGSWAATRQV 
TLKGAPKVETLDGTTLEWRGTVDGDGKLYKQGGGTLVLSGNNTYAKGVEVWGGVVQVSRD 
QNLGAAI\GAVTIJNGGGLAANGD FT SNRQLELTAGAKAID VAAGKD VT WRGVVNGAGAIJTK 
AGDGTLALAGANTYTGGTRLQGGTVQVSRDNNLTGQAAGAVTFDGGRLANTGSFATARTAT 
LNKAGQIDTDRGTTLTWNGAIGGKGELRKQGAGTLVLGGANTYQGDTRVEAGTLQVSADA 
NLGQGAVH2LHDSRLiATTGTFATSRRLELTGRGAVQAAAAATLDWRGTVAGAGTLVKEGAG 
TLVTJAGDNQHAGGTEVRAGTLQVSRATNLGPGALAIJENAALATTASFTATQAATLTGNAA 
IDTAAGTTLGWEGAIGGTGSLHKKGEGKLVLVKDNHHDGGTTIHAGTLQVSRDANLGSGQ 
SAVTLDGGAIJAVSAGFS SGREIVVGAGHGALSVTGGH-TLQWQGQVGGAGALTKTGDGTLV 
LEHDNTI{AGGTRITGGVLRVSRDENLGEAHGMLTLDGGTLSTTAGFASRRNATVGNGGGR 
IVVADAATLDLQGDVAGAGRILVKEGAGTLALGGTNTYAGGTVVEAGTLRVARDANLGGGA 
LTLNNSRLHATAGI'ATGRDATLSGRASIDTDDRATLQWRGTVNGAGRLVKQGLGTLVLDG 
DNRYAGGTEVNAGTLQVARDANILGAGDVALNGSSLAATASFATARTATLSGAAAIDTADG 
ATLDWNGLI4DGDGALVKQGNGTLALAAANRYGGGTIVKAGAVRIARDANLGRAGTGVTLD 
GGALATTADLATGRAATLGAANGTLDVAAGTRLDWNGAIGGAGAJTKTGAGTLALNHDNQ 
HAGGTLVHGGTLRIARDANLGAGTAVTLDGGTLATTASAPERALRVGARNGVLLPDAG 
TTLD)WRGVVAGAGKLTKAGPGTLVLSADNRHGGGTAVTGGTLQVSRDANLGAAAGALTLD 
GGTLLSTAS FASARVATLDAAGGTFVTRDGTRLDWDGAIGGAGGLiVKEGAGELRLGNANT 
YQGPTRIAAGRLAVNGS lAS PVT VEQAGVLGGTGRI VGDVANRGVVAPGNS IGALTVAGN 
YAGTGGSLEVEAVLGGDAAPADRLVLDGGAASGVTPVVVKPQGGVGGLTLRGI PVVVAQG 
GATTAPGAFRLAQPLVAGAYEYQLLRGAGDGAAAQAQDWYLRTSRVERDKAGRIVKVVPF 
YRPEVALYAGTPMLMRMVGTEALGSYRERAGQPGAAAPEAGAAARRGVWARTFGRRFERS 
AGSEAAPS FNGSLAGMQLGADLYTRRSATRHADAFGVFGGYATARGDVRGLARGEIQAVG 
TSTLPAAQLGAYWTHITGP SGWYVDTVLAGTRYKQQTSSSAHVGATSRGWGMMASVEAGYP 
WQLNPRWQIEPQAQLiVYQQLGIANGADRVS SVSYKTPDALTGRLGTRLAGQYAYGKAQLR 
PFMGVSLLHDFTGAlTVTFAGVI-SVRASRQNTAVDLKAGVDTQLGKSVGLWGQVGYGKSV 
GSGDGSDRGWSANJGLRVAY 

SEQ ID NO:51 polynucleotide sequence of 0rf26 
AtgttgcgaactggagccccgatgcgtagcgcccgccgccgtaccCcagcaCgacttgcc 
Ccgttgccggccatgctggccgccgccggcctgctgcaatccttgggcgcgacgcccgcg 
Gccgcggcctgtgcgcccacgctggcgccagccagcgggcagagcgtgcaatgogacggc 
Gccgtggt caaccagtcggt cgaggcggcggccggcagccagaacgtaaccatcacggtg 
Gcgcccggcgcgctgttctcgaccaacgcgacgcgggcgctgtcggt cgatgaccgcagc 
Cgtat cgt caacgagggcacgat ccagatggccggcggcgccggcgcct cgcgcggcgcc 
Atggtgggtttcggcgacaacaaccagttgat caaccgcggatcgatcacgacatcgggc 
Agcggcgtgcgcggcatctcggtgcccaacgtcggcagt accgggacgctggt cgacaac 
Agcggcagcat ccgcacccagggcgccagcgcgcacggcatcgccat caacggcccgggc 
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Aaccgcgt ccagaacagcggcgccatcaccgtcaacggcaccgacgccaagggcgtgtat 
Ctgcaaggcggcagccccgcggccaacgtactggtcaacggcggcaccatccatgcgcgc 
Ggcgccagcagcaacggcatattcggccccgacggcgtgcatgtgaacaccaccaacgcc 
Aacggcttt catgcccgcgtcgagaacctgcccggcgggcgcatcct cagcgat cact cg 
Tatgcgctgcgcgggcagaacggcaacgataccttcatcaacgccggctacctgcaaggg 
Cacggcggggccggccgcgacacggccgtctacatgggcccccagggcacgggcacgctg 
Atcctgcgcaccggct cggccatcgccggcctggccgacggcggcggggcggccagccat 
Gcgtatctggagggcagcggcacggtggacaaccggtt cgccaacttccgcaccctgacc 
Atgcgcggcgccgactggcgctggacct cggacgccgcgt tcaccgaaagcgtgg9acctg 
Cgcaccggcacattcttt cttqccggcacgctcgccag3cccggccaaccgcctggccgcc 
Ggcgcggtgctggccggcaccggcacgctggccggcgcat tgcgcaacgccggcgaaatc 
Cggcccggcccgaacgacggcagcggctacggcgcgctgacggtgcgcggcgattacacc 
Ggcgcgggcggcgcgctgcgcgtcaacacggtgctggccggcgacggggccgcctcggac 
Aggctggtcat cgatggcgggcacgccggcggcagcaccccggt cacggtggtcaaccgg 
Ggcgggcagggcgcgctgaccgcggccgacggcatcctggtggtccaggccatcaatggc 
Gcaagctcggacgccggcgccttctcgctggccgcccccctcaacgccggcgcatacgag 
Tacaggctgtaccgcggcggcgccacgggcgccgcgccggacagctggtacctgcgctcg 
Cgggcctat ctggtcgaggaccaactggccggcagccttgccgaagccgaggcgatcgcc 
Gacgacat cggccggcgcaccggcgagcggccgagcatcgaggacacgccgctgtaccgg 
Cccgaggtggcgctgt acagcagcatt cccatgctggcgcggcgcatgggcctggcccag 
Ctgggcacctt ccacgaacggcagggcaaccaggcgctgctggcgcgcgacggcgaacgc 
Gtcgcggcctgggcgcgcgcctatggcggcaacagcaagcaggcgct cgacggcgatgcg 
Caacccggcat cgacgcccgcctggccggcgtgcaactggggcaggacctctacagcagc 
Gtgcgcccggacggcggacagcaccgcttcgggctgttcggcggctatggccaggcgcgc 
Ggcgacacccacggctcggccggcggcgagcgcgacgccgctaccggccggctgaccat c 
Gacggctacagcgtcggcggctactggacctatgtcggcccgcgcgggtggtacgtggat 
Gccgtgctggccaacacctggatggacatcgacaccgact ccaaggccgggcgcgacgcc 
Gatacgcgcggccaggcgtt cacggcttcgctggaaagtggctacccgctggcgctgtcc 
Gagcgctggacgctggagccqcaggcgcagct cat ctaccagcacacgcgcgt cgacggt 
Ttctcggacgccgtgt ccgaggtgcgcatccgcgacgacaacgcgctgaccgcccgcctg 
Ggcgcccggctgcagggcgagtacgcggccgccgcgcaggtgtggcgcccctacgcggcg 
Ctgaattt ctggcgcacctt cagcqgcgaqaacaccgtcgtgctgggcgaagacagcat c 
Gatacccggcgcggcgcgacctcgctcgaactggcggccggcgccagcgtgacgctggcc 
Cgcagcctggccctctacggcaggctggcctatgccaccagcatcgacagccagtat atg 
Cgcggcgct tcggcgcagctggggatgcgctacacctggtaa 

SEQ ID NO:52 polypeptide sequence of 0rf26 
MLRTGAPMRSARRRTPARLAPLPAMVLAAAGLLQSLGATPAAAACAPTLAPASGQSVQCDG 
AVVNQSVEAAAGSQNVTI TVAPGALFSTNATRALiSVDDRSRIVNEGTIQMAGGAGASRGA 
MVGFGDNNQLINRGS ITTSGSGVRGISVPNVGSTGTLVDNSGS IRTQGASAHGIAINGPG 
NRVQNSGAITVNGTDAKGVYLQGGSPAANVLVNGGTIHARGASSNGI FGPDGVH-VNTTNA 
NGFHARVENLPGGRILSDHSYALRGQNGNDTFINAGYLQGHGGAGRDTAVYMGPQGTGTL 
ILRTGSAIAGLDGGGAASHAYLEGSGTVlNRFANFRTLTMRGADWRWTSDAAFTESVDL 
RTGTFFJAGTJ3AS PANRLAAGAVTJAGTGTLAGALRNAGEI RPGPNDGSGYGAIJTVRGDYT 
GAGGA-LRVNTVIJAGDGAASDRLVIDGGHAGGSTPVTVVNRGGQGALTAADGILVVQAING 
ASSDAGAFSLAAPLaNAGAYEYRLYRGGATGAAPDSWYLRSRAYLVEDQLAGSLAEAEAIA 
DDIGRRTGERPSI EDTPLYRPEVALYSS IPMLARRMGLAQLGTFHERQGNQALLARDGER 
VAAWARAYGGNSKQJXLDGDAQPGIDARLAGVQILGQDLYSSVRPDGGQHRFGLFGGYGQAR 
GDTHGSAGGERDAATGRLTIDGYSVGGYWTYVGPRGWYVDAVLANTWMD IDTDSKAGRDA 
DTRGQAFTASLESGYPLALSERWTLEPQAQLIYQHTRVDGFSDAVSEVRIRDDNALTARL 
GARLQGEYAAAAQVWRPYAALNWRTFSGENTVVJGEDS IDTRRGATSILELAAGASVTLA 
RSLALYCRLAYATSIfDSQYLRGASAQLGMRYTW 

SEQ ID NO:53 polynucleotide sequence of 0rf27 
ATGCCTGCTCAACGCACTCCTCGCACCGCGGTTTGTGAGGCCACCGTCCGTTCATCGCCA 
CGTTGGATCCATTGCACCGGATTCGTGCTGTGCGCGCTGCTGGCGGCATGCGGAGGCGGT 
GGCGGCOGAGGTGGCGGCGGAGGCGGTGGCGGCAGCCCGGGCGGCCGTGCGCCATCGGCG 
CCGCAACCCGCCCCTTCGCCACGCCCCGAACCTGCACCCGAGCCGGCACCCAATCCTGCG 
CCCAGGCCTGCTCCGCAACCGCCGGCGCCCGCGCCTGGAGCGCCCCGTCCTCCCGCGCCG 
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CCACCGGAGGCTCCCCCGCCCGTGATGCCGCCGCCGGCCGTGCCGCCTCAGCTGCCCGAA 
GTGCCGGCCGCAGACCTGCCCCGCGTGCGCGCGCCGCTGTCGACATACCGGCGGCCGCAA 
CGCACCGACTTCGTCACGCCCACCGGCGGGCCGTTCTTCGCCAAGCAGGACAAAGCCCTC 
AACACCATCGACCTGAAGATGGCGCACGACCTGAAGCTGCGGGGCTACCGCGTCAAAGTC 
GCGGTCGTCGACGAAGGCGTGCGCAGCOACCATCCGCTCC FGAACGTCGAGAAGAAATAC 
GGTGGCGATTACATGGCCGACGGCACCCGCACCTACCCCGACCCCAAGCGCCAGGGCAGG 
CACGGAACCTCGGTCGCCCTGGTACTGGCCGGACAGGACAC2CGACACGTATCGCGGCGGC 
GTTGCGCCCAATGCCGACCTCTATTCGGCCAACATCGGCACGCGGGCCGGCCACGTCTCC 
GACGAAGCCGCATTCCACGCCTGGAACGACCTGCTCGGGCACGGCATCAAGATCTTCAAC 
AACAGTTTCGCCACCGAAGGTCCGGAAGGCGAGCAGCGCGTCAAGGAGGACCGCAACGAA 
TACCATAGCGCCGCCAACAAGCAGAACACCTACATCGGACGGCTCGATCGCCTGGTGCGC 
GACGGCGCGCTCCTCATTTTCGCCGCCGGCAACGGCAGGCCATCGGGTCGCGCCTACAGT 
GAGGTCGGCTCGGTCGGACGCACCCCTCGCGTCGAGCCGCACCTGCAACGCGGCCTGATC 
GTGGTCACCGCGGTGGACGAAAACGGCAGGCTCGAAACATGGGCCAACCGCTGCGGGCAA 
GCGCAGCAATGGTGCCTGGCCGCGCCCAGCACCGCCTACCTGCCCGGCCTCGACAAGGAC 
AACCCCGACAGCATCCACGTCGA.ACAGGGCACGTCGCTATCCGCGCCGCTGGTCACCGGC 
GCCGCCGTACTGGTGCAGGATCGCTTTCGCTGGATGGACAACGACAACCTGCGCACCACC 
TTGCTGACCACGGCGCAGGACAAGGGCCCGTACGGCGTCGACCCGCAGTACGGCTGGGGC 
GTGCTCGACGTGGGCCGCGCCGTGCAGGGCCCGGCGCAGTTCGCCTTCGGCGACTTCGTC 
GCCCGGGTTACGGATACCTCCACGTTCGGCAACGACATCTCCGGCGCCGGCGGGCTGGTC 
GTCGACGGCCCCGGCGCGCTGGTCCTGGCCGGCTCCAATACCTATGCCGGCCGCACCACC 
ATCAAGCGCGGCACCCTCGACGTCTTTGGCAGCGTCACGTCCGCCGTCACCGTCGAGCCT 
GGCGGCACGCTGACCGGCATCGGCACCGTCGGCACGGTGACCAACCAGGGCACGGTGGTC 
AACAAGGAGGCCGGCCTGCACGTCAAGGGAGATTACTCACAGACCGCGCALGGGCCTGCTG 
GTCACCGACATCGGCTCGCTGCTCGACGTATCCGGCAGGGCCAGCCTGGCCGGCCGGCTG 
CATGTGGACGACATCCGCCCCGGCTACGTCGGCGGCGACGGGAAAAGCGTCCCGGTCATC 
AAGGCCGGCGCGGTGTCCGGCGTCTTCGCCACGCTGACGCGCAGTCCGGGCCTGCTGCTC 
AACGCCCGGCTGGACTACCGGCCCCAGGCCGTCTACCTGACCATGCGGCGCGCCGAGCGC 
GTCCATGCCGCGGCGCAGCGGGGCGCGGACGACGGGCGTCGCGCGTCGGTGCTGGCCGTG 
GCCGAGCGGCTCGACGCCGCGATGCGCGAACTCGATGCCCTGCCCGAGTCGCAGCGCGAC 
GCCGCGGCGCCQGCGGCCGCCATCGGACGCATCCAGCGCGTGCAiAAGCCGCAAGGTGCTG 
CAGGACAACCTGTATTCGCTGGCCGGCGCCACCTACGCCAACGCCGCCGCGGTCAACACG 
CTGGAGCAGAACCGCTGGATGGACCGCCTCGAGAACCACCTGGCCCAGGCCGGCGGCGAG 
CGCGTGGCGGCCATCGCCGAGTATCGCCACGGCCAGTTGCGCTGGCGCCCCGATGGCCTG 
CAAGGCCGCCAGCGCGGCAACGGCATCATGCTGGGCCTGGCGCGCGAAGTCTCGGCCGGC 
CTGAGCCTGGCCGCGGCGCTGACCCACA3CCGCA CGCACTGGGACGAGTCGTCCGGCGCG 
CCGGCCCGCGACAACGCCGCCATGACCACGCCGGGCGTACTGCTGGGCGCGCGCCGCGCC 
TGGGAGGACGGCTGGTTCGTGCAGGGCCACTGGCTATAGCCGCTACCGCA'ACCAGGCC 
ACGCGCCACATCTCGCTCGGCGATGCCGGCCACACCGTCGGCGCCACCGCCCGGGGCCAC 
GTCTGGCAGGCCGACGCCGGCCTGGGACGCCAGTGGACGCTCGCCCCCGGACACACGCTG 
GCGCCTCGGGCGGGCCTGCAACTCACGCATCTGCGCCAGCAAGGTTTCAGCGAGAGCGGC 
GCGCAAGGACTGGGGCTGCGCGCCCACGCCTTGACGCGCACCGTGCCCACGCTGTGGGCG 
CAACTGCAAAGCCGCCATGCCTTCATGCTGGGAGCCACGCCCATGA CGGCGCAGCTGCAA.  
CTGGGCGTCTGGCATGACCTGCGCGCGCGGCGCTACGCCGCCTCCGGCGGTTTCGCCGGC 
CTGGCGCAGGACCAGGGCGCCAGCGGCTACTGGCCCGTGCCGCGCACACGCGTACAGGGC 
GCGCTCGGCCTGCGCGCCGAGTTCGCGCCAGGCCTCGTGCTGGGGCTGGGCTACACGGGC 
CAGCTTGCCACGCACTGGGTCGATCACCAGCTCAGCGCCAGCCTCACTTACCGCTACTGA 

SEQ ID NO:54 polypeptide sequence of Orf27 
MPAQRTPRTAVCEATVRSSPRWIHCTGFVLCALLAACGGGGGGGGGGGGGGSPGGRAPSA 
PQPAPSPRPEPAPEPAPNPAPRPAPQPPAPAPGAPRPPAPPPEAPPPVMPPPAVPPQLPE 
VPAADLPRVIU\PLSTYRRPQRTDFVTPTGGPFFAKQDKALNTIDLKMAHDLKLRGYRVKV 
AVVDEGVRSDHPLLNVEKKYGGDYMADGTRTYPDPKRQGRHGTSVALVLAGQDTDTYRGG 
VAPNADLYSANIGTRAGHVSDEAAFH-AWNDLLGHGIKIFNNSFATEGPEGEQRVKEDRNE 
YH-SANKQNTYIGRLDRLVRDGALLIFAAGNGRPSGRAYSEVGSVGRTPRVEPHLQRGLI 
VVTAVDENGRLETWANRCGQAQQWCLAAPSTAYLPGLDKDNPDS IHVEQGTSLSAPLVTG 
AAVLVQDRFRWMDNflNLRTTLLTTAQDKCGPYGVDPQYGWGVLDVGRAVQGPAQFAFGDFV 
ARVTDTSTFGNDI SGAGGLVVDGPGALVLAGSNTYAGRTTIKRGTLDVFGSVTSAVTVEP 
GGTLTGIGTVGTVTNQGTVVNKEAGJHVKGDYSQTAQGJLVTDI GSLLDVSGPASLAGRL 
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HVDDIRPGYVGGDGKSVPVIKAGAVSGVFATLTRSPGLLLNARLDYRPQAVYLTMRRAER 
VHAAAQRGADDGRRASVLAVAERLDAAMARELDALPESQRDAAAPAAAIGRIQRVQSRKVL 
QDNLYSLAGATYANAAAVNTLEQNRWMDRLENHLAQAGGERVAAIAEYRHGQLRWRPDGL 
QGRQRGNGIMLGLAREVSAGLSLAAALTHSRT{WDES SGAPARDNAAMTTPGVLLGARRA 
WEDGWFVQGALGYSRYRNQATRHI SLGDAGHTVGATARGHVWQADAGLGRQWTLAPGHTL 
APRAGLQI4THLRQQGFSESGAQGLGLPRAHALTRTVPTLWAQLQSRHAFMLGATPMTAQLQ 
LGVWHDLRARRYAASGGFAGLAQDQGASGYWPVPRTRVQGALGLRAEFAPGLVLGLGYTG 
QLATHWVDHQLSASLTYRY 

SEQ ID NO:55 polynucleotide sequence of 0rf28 
Atgt cgtccccgcgtccccgcaccttggcgcgcaccgctcgcgcttgccggcctgtcg 
Cttggttgcgctgccggcgcatacggcgcgcccgcgccggcacaaaccgtcgtcaccctg 
CccgcgcaagaggtcatcggcacagcgtcgcggcggccCgtccgtgctgcgcctgccg 
gagatcgagcgcgcgcaggccgacaacttcgcctccctggtcgatcagCtgccggcat c 
t cgatggccggct ctccgcgccccggcgggcaaagzctgaacatctggggcatgggcgat 
accgaggacgtgaaaatcgt cctcgatggcgcgcccaagggttt cgagaagtaccgccag 
ggct cggtcttcatcgaacccgaactgatccggcgcatcgaggtcgacaaggggccgcac 
aacctggt cgacggcaatggcgggttcggcggcaccgtcaagat cgataccaaggatgcg 
gccgacctgttgccgccgggcgcgcgcttcggcgcgctggccaagtacggccgccattcg 
aacgacggccaggacatctacagcgtggcgctgtacggccgcac ccgcgccgacggggc 
gacggcctgctgtatgccaaccgccgcgacggcggcgatctgcgccgcCCgacggcac 
cgcttcgcatact cgcgcaacaaccagcgctcgctgctcgccaaggtcaacctctatccg 
gacgacgcccagaccatcaccctgtcggccatgcgtt cgaatgcggcgggttggcaaccc 
ttcgcggccaagcgcgacgatcttccgcgccttcgcaggccgatatcgaccgctacggc 
ctgaccgaagcatggcggcgcaagctggtccatcgCgaccagct cgaccagaactacagc 
gcgaaatggaacatcgccccatccgcccat ccctgggtgaacctcacgctggcctatgc 
cgctcggacacccggcagcgcgaccggcgctcgtcccgggcgtCgcagtcggcctttctc 
ggcacgctgggcaacaagagttgggtcgaCtaccgcgacgaccggttcgac ctcagcaac 

gaaagccacgtggccctgggcacggccgagcatgtcctgctggcgggcctgcgctggcac 
cggcatcgccgcgacacgctcatgtact acccgcccggccgcggcgagcccgattacaac 
cacgggtacttccagccgcactacatgccttcgggcacgcagaccgtgcgc agcctgtac 
ctgcaggacgccgtcaccgtcggcggccttaccgt cacgcccggcgtgcggt acgaccat 
gtcgccaataccggcaggccaaacgaCgcgCcCcgctacaacaaccccgcccccgtggcc 
gggcatgact accgccgcgtctcgt acgcgggctggaccccgcacctgggcgtggt ctgg 
aaggcggcgcgaggcgtggcgctgttcgccgacgccggccgcacctggcgcgcacccgtc 
atcgacgaacagtacgaagtgcaatatgcgaagtccaatgtgt cgggcagcagccgggcg 
ctgcggcccgagcgcatcgtgggcctgcgcgccggcgccgtactggattacaacgatatc 
gcgacgcgcggcgacagcgtgcagataCggaccacgctgttt cgcaatcgcggcaagcaC 
gagatcttccagcgccgtggcgtggcatgccgoqgggcaggccgagggcggcgccgcctcg 
gactgccccaagccttgtccaactaccgcaacctgcccggctacaccatcgaagggctg 
gaactggagacctactacgacagcccg9cgatgttc9ccagcctgtcgctttcggccatg 
cgcgggcaccgcgacgcct cgccgcgcgat ccatgggggccgcgcacctggatcgccgag 
atcccgccggtctcggcgcgcgcgatgctgggcgtgaaactgccgcgcctggacatggtc 
ctgggatggcgcggcgaattcgtgcgccgccaggaccgctcgccgaccgacggcgacccg 
ctggccggctactgggccttgcccaagaccgccggctacqgcgtgcacggcctgttcgca 
agctggcaaccccggcatgtcaaaggcctggacgtgcgcctggccgccgacaacctcttc 
aaccggccctatcatccctacctgggcgaagcggtatcgggcacgggccgcaacat caag 
ctgagcat cgcccagcgctt etag 

SEQ ID NO:56 polypeptide sequence of 0rf28 
MSS PRPPAPWRAPLALA-GLSLGCAZAGAYGAPAPAQTVVTLPAQEVIGDSVAAARSVLRLP 
EIERAQADNFASLVDQLPGI SMAGSPRPGGQSLNIWGMGDTEDVKIVLDGAPKGFEKYRQ 
GSVFIEPELIRRIEVDKGPHNLVDGNGGFGGTVKIDTKDAAlLLPPGARFGALAKYGRHS 
NDGQDIYSVALYGRTRADGADGLLYANRRDGGDLRRPDGTRFAYSRNNQRSLLAKNYP 
DDAQTITISAMRSNAAGWQPFAAKRDDLPAPSQADIDRYGLTEAWRRKLVHRDQLDQNYS 
AKWNIAPSAFIPWVNLThAYARSDTRQRDRRSSRASQSAFLGTLGNKSWVDYRDDRFDLSN 
ESHVALGTAEHVLLAGILRWHRHRRDTLMYYPPGRGEPDYNHGYFQPHYMPSGTQTVRSLY 
LQDAVTVGGLTVTPGVRYDHVANTGRPNDAPRYNNPAPVAGHDYRRVSYAGWTPHLGVVW 
KAARGVALFADAGRTWRAPVIDEQYEVQYAKSNVSGSSRALRPERIVGLRAGAVLDYNDI 
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ATRGDSVQIRTTLFRNRGKHEIFQRRGVACRGQAEGGAASDCPKIJSNYRNLPGYTI EGIJ 
ELETYYDSPAM~FASLSLSAM~RGHRDAS PRDPWGPRTWIAEIPPVSARAMLGVKLPRLDMV 
LGWRGEFVRRQDRSPTDGDPLAGYWATJPKTAGYALHGLFASWQPRHVKGLDVRLAADNLF 
NRPYH-PYLGEAVSGTGRNIKLSIAQRF 

SEQ ID NO:57 polynucleotide sequence of 0rf29 
Atgaaggcgcggcgcctggccatggcgggt ctgtcgctggcgctcggcggctgctcgctg 
Tcgcagcagatgcaggccatgcgcgacgccgcgacgt ccctgcgicgcacgcct9ct cgaa 
Gggcagcaggcicgtgggccgggccggcgagcggccggcgcgcgaagccgcccaggacgt c 
gcgcggccctggctggccgggcgcgcccagccgctggcacgcgaggtgctgctgccgccg 
gcgctgcgcgccgatgtcgatacgaccctgctgtt cgcgggcaaggccacgctgcccgtg 
ctggccgagcgcctgcatcgcgccaccggcat cgccgtgcgcgtgcatcccgacgcgctg 
ctgccgcgcgccgccttcctgccgcgcctggcggggcaggccgagctggcggccgagcct 
cccgcccaggccgaactgcgggccgggccgcgtccgctggccgacacgctcgacgcgctg 
gccgcgcagctgtacgtgcactggcgctaccatcgcggcgzcatcgagttctaccgzacc 
gaaacgcgggt cttcgatgtgcgcacgctggcgctggccgccagcgcgcaggctcggctg 
ggccgcgccggcagcggcgagacgggcagtttcgaccatgcctcgagcacggtgct cagc 
gccgacgccggcaaggcgctgcaggccgtgcgggaccgcgtcgccgctttcctgacgcgc 
gccggcgt catcgccgagat cgaggcgggcggaagcacgctcgcggtcacggatacgccg 
gaggcgct cgcgcgcatcgaaaaatacctgcaaggcgagaaccgcgccctgacgcgccgg 
gtacgcctggtgttcgaagagct cacggtgcgcaccacggccgccgccgaaggcggcat c 
gattggcaggcggtct acgccagcgcgcgcgccgcggcgt cgtacgccatgcccggcggg 
gccggcgcggcaggcgcgctcggggcccgcgtgctggccgggccctggcgcgacgcgcgc 
gccctgatcgccgcgctgagcaccatgggagcggt actgcgccatcgcagcatacccatg 
ctgacgctgaaccggcgcgccgtcacccacgccgtgcgcaccacgtttt cctacgtggac 
caggtgcagcgcctgagcccgaccgcggcggcgcccggtgggcgcgatgccgtgcccggg 
ctggcggtgcagcagaagcgcgagacggtgggcacgttcctcacgctgttgcccgaggcg 
cgcgatgacggccgcatcctgctctccatttcctatgacaacaccattgcccagccgctg 
cgcaccctgaccttcggcgagggcggccagcaagtgtcgctgcagcagatcgccat cgac 
ggcagcggcatcgtgcagcaggt cgagctgctgcccggccagcccgt catcctgtcgggc 
ttcgaccacagcgaagaccaatacgaacgccaccgcctgttt cccgatgcgccgctcgcg 
gccggcgggcacgaccgcacggcgcgcgagcgggt cacgaccgtggtcatggt caccgcg 
cagat cgacgagggt tga 

SEQ ID NO:58 polypeptide sequence of 0rf29 
MKARRLAMAGLSLAILGGCSLSQQMQAMRDAATSLiRARLLEGQQAVGRAGERPAREAAQDV 
ARPWLAGRAQPLAREVLLPPALRADVDTTLLFAGKATTLPVLAERLHRATGIAVRVHPDAL 
LPRAAFLPRLAGQAELAAEPPAQAELRAGPRPLADTLDALAAQLYVHWRYHRGAIEFYRT 
ETRVFDVRTLALAASAQARLGPAGSGETGS EDHAS STVLSADAGKALQAVRDRVAAFTLTR 
AGVIAEIEAGGSTLjAVTDTPEALARIEKYQGENRALTRRTRLVFEELTVRTTAAAEGGI 
DWQAVYASARAAASYNAIPGGAGAAGALGARVLAGPWRDARALIAALSTMGAVLRHRS 1PM 
LTLNRRAVTI{AVRTTFSYVDQVQRLSPTAAAPGGRDAVPGIJAVQQKRETVGTFLTLLPEA 
RDDGRILLSI SYDNTIAQPLRTLjTFGEGGQQVSLQQIAIDGSGIVQQVELLPGQPVILiSG 
FDHSEDQYERHRLFPDAPLAAGGHDRTARERVTTVVMVTAQIDEG 

SEQ ID NO:59 polynucleotide sequence of Orf3O 
Gtgaccatgttcatccgctggctcattctctccgcctgcctgctgctggccgcctgcagc 
Cgcgctcccgataccgagat cctgcagcgcgatgt cggccagaccctggccgccacgtac 
Ggcccggacctgtt cgacatcgtcgcgctgcgccgcatgggctcggccaccgacagcacg 
gccccgccgggccagacgcgccgggtggtctattacgatgtggtgctgggc ctgaagaag 
gacctcaccctgggcgcctgggaccagcccggcgccgccgcgctggtcagc ctgctgggc 
gccgggccgcgcaqcatot cgggggtgaaatccagcggcaatgccgccggcgaccagatc 
gtcgcccacgccagcgccat ctaccagcgcgacgcagagcaatgggtgcacgtcgccccg 
gccagctt cacggccaccgaagcgccct cgctggacaccggcgcgccgccgccggtgacg 
cgccagctgct ccagacgctggagcagatcacgcgttccgtgccctacagcgcctccagc 
accgcccagcacgtggtgcaacaggagctggagcgctcggtggcgcgcatcaatggccgg 
cttgcccgcctgcaaaagggctacccgctggcgaccggccccgacaagggcgagtacctg 
gcgtt cggccaggcgctggccgcgatcgggcgcaacgagcaggtgcgcgtcattcccet c 
attaccggcggcagcgcggacaacatggccatgctgcgcagcggcgcggcggtggccgcc 
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ctgtcgcaggccgacatcgcgcaactggcctacgagggcaaggggccgttcgaaagccag 
ggaccgttctccgggttgcgcgcgctgggcagcctgtatccggagctggtgcacatcgtg 
gtgcgccagggcgatggcatcgccacggtgggcgcgctgcgcggcaagaagattgccctg 
ggcccgtcgggctcggcggtacgcaccacgctggagaccgtgctggcagcccatgggctg 
cagccggggcgcgactatgcagtcatcgacacgccggccgccgcggccctgccgcagctg 
agcgaaggacgggtcgacgcggtggcgcaggtcatcggtacgccggccgcgcccttgcgc 
gcggcgctgacccaggcgcgcctggcgctgctgccgctggaccgggctgcgatcgacaag 
ctggtgcaggccgatccgaccctgatggcgctggacatcccggccaacacctaccccagc 
caggccgcggccatccccacggtgggcatggcggcgctgctggtcaccacggccgatctg 
acgcgcgacgaggccgcgcatatggtggacgtggtataccgggccgggcaggacctgctg 
gccgccgggtccgcgcagggcgcgcaggtatccgcggccaacgccgggcgcggattgagc 
attcccctgcacgacggcgccgtggaagccttcgagaaactgggcgcgccgcccctgccc 
gagggcaggtag 

SEQ ID NO:60 polypeptide sequence of Orf30 
VTMFIRWLILSACLLLAACSRAPDTEILQRDVGQTLAATYGPDLFDIVALRRMGSATDST 
APPGQTRRVVYYDVVLGLKKDLTLGAWDQPGAAALVSLLGAGPRSISGVKSSGNAAGDQI 
VAHASAIYQRDAEQWVHVAPASFTATEAPSLDTGAPPPVTRQLLQTLEQ ITRSVPYSASS 
TAQHVVQQELERSVARINGRLARLQKGYPLATGPDKGEYLAFGQALAAIGRNEQVRVIPL 
ITGGSADNMAMLRSGAAVAALSQADIAQLAYEGKGPFESQGPFSGLRALGSLYPELVHIV 
VRQGDGIATVGALRGKKIALGPSGSAVRTTLETVLAAHGLQPGRDYAVIDTPAAAALPQL 
SEGRVDAVAQVIGTPAAPLRAALTQARLALLPLDRAAIDKLVQADPTLMALDIPANTYPS 
QAAAIPTVGMAALLVTTADLTRDEAAHMVDVVYRAGQDLLAAGSAQGAQVSAANAGRGLS 
IPLHDGAVEAFEKLGAPPLPEGR 

SEQ ID NO:61 polynucleotide sequence of Orf3l 
Atgatccgtatgcctggtttccgattctccgttccgccgcgccgccggctggccgtcgcg 
Gcgctgtgcgcggcgctgggcggctgtgcggtcgggcccgactaccagcgacccgccatc 
Gacgtgggggccgcctacaaggaggccgccgcgccgcagcccggctggacgcccgcgcag 
cccagcgacgagagcgcgcgcgggcaatggtggcaggtgtatggcgacccggtgctcgac 
ggcctggtgcagcaattgaaccagggcaactactccgtggcgcaggccgaggccaattat 
cgccaggcccaggcgctggtgcgcaatgcgcgcgccggcttcttccccaccataggcgcg 
ggcgccgacgtgacgcggtccggctcgggcggcggcagcggcgccggctcgaacggcagc 
tcggtcggcaaccagtactcgctcagtgggtcggtcagctgggaagtcgatgtgtggggc 
cgggtgcgccgcgaagtcgagtccagccgcgccgaggcgcaggccagcgcggcggacctg 
gccgtcacccgcctgagcgcgcaggccgccctggtgcagaactacctgcaattgcgcgtg 
ctcgacgagcagaaacgcctgctcgacgccacggtgctggcctacgagcgctcgctgcgc 
ctgacgcagaaccgctacgaagccggcgtggtgggcaagtccgacgtggcggtggcgcgc 
acccagctggagaacacgcgggcccagtccatcgacctggactggcagcgcggccagttc 
gagcacgccatcgcggtgctgatggggcaggcgccttcgcgcttcgccctgccggcgcag 
ccgttcgcgcagcaactgccggacatcccggcgggcctgccctcgcaactgctggagcgc 
cggcccgacgtggcggccgccgagcggcgcgcggccgccgccaatgcgcagatcggcgtg 
gcgcaggcggcctggttcccggacctgaccttgtcggccagcggcggttttcgcagcggc 
cagttcgccgagtggctgaccgcgccggcgcgcttctggaccctcggcccggcgctggcc 
atgacgctgttcgacggcggcgcgcgttcggcgcgcgtcgagcaggcccgcgccgcctat 
gacgcgcaggcggccgcctaccgccagagcgtgctgacggcgctgcgcgaggtggaggat 
tacctggtgcagctgcgcgtgatggagcacgagcagcaggtgcagcgcaatgcgctcgag 
tacgcgcgcgaatcgctgcgcctggcgcgcaaccagtacgagcaggggctgatcgactac 
ctgagcgtggcggtgctggaaaccaccgcgctgaacaccgagcgcaacgccatcagcctg 
ctgggcagccggctcaacgccagcgtgcagctgatcgcggcgctgggcggcgggtggcag 
ggcttgccggccgaggcggcggccagcgcggcggccgagccgt7ccgcgccctag 

SEQ ID NO:62 polypeptide sequence of Orf31 
MIRMPGFRFSVPPRRRLAVAALCAALGGCAVGPDYQRPAIDVGAAYKEAAAPQPGWTPAQ 
PSDESARGQWWQVYGDPVLDGLVQQLNQGNYSVAQAEANYRQAQALVRNARAGFFPTIGA 
GADVTRSGSGGGSGAGSNGSSVGNQYSLSGSVSWEVDVWGRVRREVESSRAEAQASAADL 
AVTRLSAQAALVQNYLQLRVLDEQKRLLDATVLAYERSLRLTQNRYEAGVVGKSDVAVAR 
TQLENTRAQSIDLDWQRGQFEHAIAVLMGQAPSRFALPAQPFAQQLPDIPAGLPSQLLER 
RPDVAAAERRAAAANAQIGVAQAAWFPDLTLSASGGFRSGQFAEWLTAPARFWTLGPALA 
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MTLFDGGARSARVEQARAAYDAQAAAYRQSVLTALREVEDYLVQLRVMEHEQQVQRNALE 
SARESLRLARNQYEQGLIDYLSVAVLETTALNTERNAISLLGSRLNASVQLIAALGGGWQ 
GLPAEAAASAAAEPSAP 

SEQ ID NO:63 polynucleotide sequence of Orf32 
Atgacgcatcccgtcccgacgacctttgcacgtaccgccggcgcgctgcttgccgcgctg 
Gcgctggccggctgcgccgtggggccgcagtaccaggcgcccacgcccgcgccggtgaag 
Ctggccagccccgaacaggcgctgttctcggccgaccggttgcaacgcgaatggtggcgc 
cagttgcaggatgcccggctggacgcgttgatcggcctggcgctggcgcgcaacctcgat 
atcggcctggcgctggcgcgcaacctcgatatccgccaggcgcaggcgcgcctgcgcgaa 
gcgcgcgccgcgctcgacgaaaaggaactggaccgctggccgaccgtgaccgcggccggc 
ggctacacgcgcagcctgtcgcagatcaaccccggccccgaccagcgcaacctcgcgcaa 
agctaccgcgcgggcttcgacgcgacctgggaaatcgatttgttcggccgcctgcagcga 
cgggccgaggccgcggccgcgcgcgaccaggccgccgccgccgacctggcccagacgcgc 
ctggtggtggtggccgagctggcacgcaactatttcgagatgcgcggcgccgagcaacgg 
ctggccgtggcgcgcgccaacctcgccacccagcaggagacgctgcgcgtcaccgcggcg 
ctggtggaaaccggccgcggctatgccggcgacctggccagcgcacgggccgagctggcc 
ggcacgcgggcgctgctcgcgccgctggagacgcaacggcgcctggcccagtaccacatc 
gccgtcctggcggccatgcggccggccgagctgggcgagctgcggcaggagcagccgctg 
gcgccgctggccgcgcaattgcccatcggcgacgtggccatgctgctgcaacgccgcccc 
gacgtgcgcgccgccgagcgcctgctggccgccaccaacgccgacgtcggcgccatcacc 
gccgaactgtatccgcgcatcgacctgggcgggttcctcggtttcattgccttgcgcggc 
ggcgacctgggccaggccagcagcaaggccttcgcgctggcgccgacgatcagctggccg 
gcgttgcacctgggcagcgtccaggcgcagctgcgcgcgggccaggcccggcacgacgcg 
gcgcgggcgcgctacgaacaggtggcgctgcaggccatcgaggaagtggaaggcgcgttg 
acgcgctatggacagaaccagcagcggctgcgcgacctgcttgacagcgccacgcagagc 
cagcgcgccgccgacctggcgcaaacgcgctatcgtgaaggggccgcgccgtatttgacg 
gtgctggacgcgcagcgtactcttttgcgcgcacaggatgccgtggcgcaatccgagtcg 
gagtcctataccagcctggtcgcgctctacaaggccctgggcggaggctggaataccgac 
gccgccgcgcccgcccgttccgcccgcaccgccgccctgccggccagcccctga 

SEQ ID NO:64 polypeptide sequence of Orf32 
MTHPVPTTFARTAGALLAALALAGCAVGPQYQAPTPAPVKLASPEQALFSADRLQREWWR 
QLQDARLDALIGLALARNLDIGLALARNLDIRQAQARLREARAALDEKELDRWPTVTAAG 
GYTRSLSQINPGPDQRNLAQSYRAGFDATWE IDLFGRLQRRAEAAAARDQAAAADLAQTR 
LVVVAELARNYFEMRGAEQRLAVARANLATQQETLRVTAALVETGRGYAGDLASARAELA 
GTRALLAPLETQRRLAQYHIAVLAAMRPAELGELRQEQPLAPLAAQLPIGDVAMLLQRRP 
DVRAAERLLAATNADVGAITAELYPRIDLGGFLGFIALRGGDLGQASSKAFALAPTISWP 
ALHLGSVQAQLRAGQARHDAARARYEQVALQAIEEVEGALTRYGQNQQRLRDLLDSATQS 
QRAADLAQTRYREGAAPYLTVLDAQRTLLRAQDAVAQSESESYTSLVALYKALGGGWNTD 
AAAPARSARTAALPASP 

SEQ ID NO:65 polynucleotide sequence of Orf33 
Atgaaacctgtcgtcatgagaaccttgttgtcccttgccgtggccacggccctggccggc 
Tgctcgctggcgcccacctacgagcgcccgcaggcgccggtcgacgcggcctatccgtcc 
Ggcccggcctacggcgcgccgggccaggccgccgcgggcgcgccggccgccgccgacgtg 
ggctggcgcgacttcttcggcgacccgctgctgcaggagctgctggcgctgtcgctggcc 
aacaaccgcgacctgcgggtcgccgcgctcaacgtggaggcggcgcgcctcaacccgagc 
ggacaggccggcatcagccgcagctaccaggtcggtgccagcctgtcgacctgggagctg 
gacctgttcgggcgcatccgcagcctcagcgaacaggcgctgcagctctatctggcccag 
gacgaaacgcgcctggccacccagctgacgctggtggccgagaccgccaacgcctacccg 
accctgcgcgccgaccaggaactgctggcgctgacgcgccagacgctggcggcccagcag 
gagtcgtacaagctgacccgccagagctacgacctgggcgtggcgaccgagctggacctg 
agccaggccgagatttcgctgcgcaccgccgagcgcaatctgtcgcagtacacgcgcatg 
gcggcgcaggaccgcaacgcgctggtgctgctggtgggccagccgctgccggccggcatc 
ggcgcgcagctggaccaggccgtggcgctgcccgacggcgtggtcctggccgacctgccg 
gcgggcctgccgtcggatctgctcgcgcgccggccggatatccgcgcggcggagcaccag 
ctgcaagccgccaacgccagcatcggcgcggcgcgcgcggcgttcttcccgcgcatcagc 
ctgaccggctcggccggcacggccagcgccagcctgggcggcctgttcgatgccgggtcg 
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ggggcctggagtttcgcgccgcagatcagcgtgccgatcttcgcgggcggggcgctgcgc 
gccagcctggacctggccaagatccagaaggacatcggcatcgcgcgctacgagcaggcc 
atccagagcgggttccgcgaggtctccgacgcgctggccggccgcggcacattgcaggag 
cagatccggtcgcaggaactgctggtgcaggccaaccagcgcgcctacgacctgtcgcag 
cagcgttaccagcagggcatcgacaactatctcagcgtgctggattcgcagcgttcgctg 
tatacggcgcagcagacgctggtcgagacgcggctggcgcgcctgtccaacctgatccag 
ctctacaaggcgctgggcggcggctggtccgagcgcacggtggcggcggcgcaggccggc 
tga 

SEQ ID NO:66 polypeptide sequence of Orf33 
MKPVVMRTLLSLAVATALAGCSLAPTYERPQAPVDAAYPSGPAYGAPGQAAAGAPAAADV 
GWRDFFGDPLLQELLALSLANNRDLRVAALNVEAARLNPSGQAGISRSYQVGASLSTWEL 
DLFGRIRSLSEQALQLYLAQDETRLATQLTLVAETANAYPTLRADQELLALTRQTLAAQQ 
ESYKLTRQSYDLGVATELDLSQAEISLRTAERNLSQYTRMAAQDRNALVLLVGQPLPAGI 
GAQLDQAVALPDGVVLADLPAGLPSDLLARRPDIRAAEHQLQAANASIGAARAAFFPRIS 
LTGSAGTASASLGGLFDAGSGAWSFAPQISVPIFAGGALRASLDLAKIQKDIGIARYEQA 
IQSGFREVSDALAGRGTLQEQIRSQELLVQANQRAYDLSQQRYQQGIDNYLSVLDSQRSL 
YTAQQTLVETRLARLSNLIQLYKALGGGWSERTVAAAQAG 

SEQ ID NO:67 polynucleotide sequence of Orf34 
Atgaaacagcataaggtcggcaggcactgggcaggatgggcgatggcgctggcgtgcctg 
Ggcgcggccgcgccgctggcggcgcagccggcggcaccagctggggccgcgcaggcgcgc 
Gaactgctgctggaggtcaagggccagcagccgttgcgcctggacgccgcgccatcgcgc 
gtggcgatcgccgatccgcaggtcgccgacgtcaaggtgctggcgcccggcgtgggccgc 
ccgggcgaggtgctgctgatcggccggcaggccggcaccaccgagctgcgggtctggagc 
cgcggctcgcgcgacccgcaggtctggaccgtgcgcgtgctgccgcaagtgcaggccgcg 
ctggcgcggcgcggcgtcggcggcggcgcgcaggtcgacatggctggcgacagcggcgtg 
gtcaccggcatggcgccctggccgaggcgcatcgggcgcggccgaggctgccgcggcc 
gccgcgggcggcaacgacaaggtggtcgacatgtcgcagatcaacaccagcggcgtggtg 
caggtggaagtgaaagtggtcgagctggcgcgctcggtcatgaaggatgtcgggatcaat 
ttcagggccgacagcggcccgtggtcgggcggcgtgtcgctgctgccggacctggccagc 
ggcggcatgttcggcatgctgtcctataccagccgcgatttcagcgcgtcgctggcgctg 
ctgcaaaacaacggcatggcgcgcgtcctggccgagccgacgctgctggccatgtcgggc 
cagagcgccagcttcctggccggcggcgagattccgattccggtatcggccggcctgggt 
acgacctcggtgcagttcaagcccttcggcatcggcctgacggtcacgcccacggtcatc 
tcgcgcgagcgcatcgcgctgaaggtggcgcccgaagccagcgagctggactacgccaac 
ggcatttccagcatcgacagcaacaatcgcatcacggtgatcccggcgttgcgaacccgc 
aaggccgacaccatggtggagctgggcgatggcgagacattcgtcatcagcggcctggtt 
tcgcgccagaccaaggccagcgtcaacaaggtgccgctgttgggcgacctgcccatcatc 
ggggcgttcttccgcaacgtgcagtattcccaggaggatcgcgaattggtgatcgtggtc 
acgccgcgcctggttcgccccatcgcgcgcggtgtcacgctgcccttgccgggcgcgcgc 
caggaggtcagcgacgctggcttcaacgcctggggctattacctgctgggtccgatgagc 
ggccagcagatgccgggcttttcacagtga 

SEQ ID NO:68 polypeptide sequence of Orf34 
MKQHKVGRHWAGWAMALACLGAAAPLAAQPAAPAGAAQARELLLEVKGQQPLRLDAAPSR 
VAIADPQVADVKVLAPGVGRPGEVLLIGRQAGTTELRVWSRGSRDPQVWTVRVLPQVQAA 
LARRGVGGGAQVDMAGDSGVVTGMAPSAEAHRGAAEAAAAAAGGNDKVVDMSQINTSGVV 
QVEVKVVELARSVMKDVGINFRADSGPWSGGVSLLPDLASGGMFGMLSYTSRDFSASLAL 
LQNNGMARVLAEPTLLAMSGQSASFLAGGEIPIPVSAGLGTTSVQFKPFGIGLTVTPTVI 
SRERIALKVAPEASELDYANGISSIDSNNRITVIPALRTRKADTMVELGDGETFVISGLV 
SRQTKASVNKVPLLGDLPIIGAFFRNVQYSQEDRELVIVVTPRLVRPIARGVTLPL PGAR 
QEVSDAGFNAWGYYLLGPMSGQQMPGFSQ 

SEQ ID NO:69 polynucleotide sequence of Orf35 
Atgaagcgacttctctgtctgtccctgctgtccgtattgctggcggcgtgcacgacccca 
Tcgcagattccgcccgagacggcgcccggcggcgtgccgccggcggccgaaggtccgctg 
Gtcgtgccgccgctgtcggcgctgtccgacaccccgccgcgcgcgctggccgggcgctac 
cagcgcgttgcctggaccgagctgcccaactgggagagcgacgacctgtcgcgctggtgg 
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ccgctgttcctgcgcaattgcaaaggcctgatgcggccgaccagcggtaacctggcggcg 
ccggcacgcgccacgccgcgcgcctggcagcccgtgtgcgcggcggcggtcgacccgtcc 
aaggcgccggccgccggcgacagcgcggcggtgcggcgcttcctgcagacctggctgcag 
ccctggcgcatcgccggcgccgacggccgtcccgccaccaataccgtcaccggctactac 
gagccgctggtgcgcggctcgcgccgccagggcggccgctaccagtggccgctgtatgcc 
gtgccggccgacctgctcgtcgtcgacctgggctcggtctatcccgacctgaccggcaag 
cgcgtgcgcggccggctcgacggccgcCgggtcgtgccctacgacacgcgcgccgcgatc 
gaggcgggcgaccgcaagccgccggccatcgtctgggtggacgatccggtcgacaatttc 
ttcctgcaggtccaggggtcgggccgggtgcagctgaccgatggccccgaccgcggcacc 
acgatccgcgtcgcgtacgccgaccataacggccagccctatgcctccatcggccgctgg 
ctcatcgacaagggcgagctgcgcgccgaccaggcatcgatgcagaacatccgtgcctgg 
gcccaacgcaatccctcgcgcgtgcaggaaatgctcaacgccaacccggcggtggtcttc 
ttccgcgaagaggcggtggtcgatccggagcaagggcccaagggggcctatggcatcccg 
ttggcgccgcagcgctcgatcgcggtcgacgccggtttcgtgccgctgggcacgccggtc 
tacctgtcgaccacgctgccggcctccgaccggcccctgcagcgcaccgtgttcgcgcag 
gacaccggcacggccattcgcggcgcggcgcgcgccgacttctattggggctacggcgag 
gaagccggccagcaggccgggcgcatgaagcagcgcggccagatgtggctgctgtggccc 
aagcaggccggggagccgtcggcgcgatga 

SEQ ID NO:70 polypeptide sequence of Orf35 
MKRLLCLSLLSVLLAACTTPSQIPPETAPGGVPPAAEGPLVVPPLSALSDTPPRALAGRY 
QRVAWTELPNWESDDLSRWWPLFLRNCKGLMRPTSGNLAAPARATPRAWQPVCAAAVDPS 
KAPAAGDSAAVRRFLQTWLQPWRIAGADGRPATNTVTGYYEPLVRGSRRQGGRYQWPLYA 
VPADLLVVDLGSVYPDLTGKRVRGRLDGRRVVPYDTRAAIEAGDRKPPAIVWVDDPVDNF 
FLQVQGSGRVQLTDGPDRGTTIRVAYADHNGQPYASIGRWLIDKGELRADQASMQNIRAW 
AQRNPSRVQEMLNANPAVVFFREEAVVDPEQGPKGAYGIPLAPQRSIAVDAGFVPLGTPV 
YLSTTLPASDRPLQRTVFAQDTGTAIRGAARADFYWGYGEEAGQQAGRMKQRGQMWLLWP 
KQAGEPSAR 

SEQ ID NO:71 polynucleotide sequence of Orf36 
Atgttcaactgtcggcgattcctgcaaatcggcacgctgtcggccctgctggccggctgt 
Gccacctccagccaaacaccccaagcccagcatcttcccgcgcaggccgccacaggccag 
Gccgaccgcgtccgcatcggcccggacaaacccgtatcgagcgacgaaggccccgccacg 
ctgacgccgaccggcgaactgcggcccgacgtccgcgccttcgccgaacagctggcggcg 
cagcgcgagctgcccctgccgcaagtgctggccagcctggaaagcacgcgctacaacgcg 
accgtcgcccgcctcatcgccccgtccggcgcgtcgggcaagaaaatctggcgcagctgg 
ctgacctatcgcgggcgtttcgtcgaacccaagcgcatcgcctggggcgtggaattctgg 
aacgccaaccaggacctgtcaacccgccgcccagcgCtacggcgtgccggcctcgatc 
atcgcctccatcatcggcgtggaaaccctgtatggccgcaacgtgggcaacttccgcgtg 
gtcgacgccctggcgacgctggcattcgactacctcgatcccgccaagcccgagcgcgcc 
gacatgttccgcggccagctcggcgacttcatcaccctggcgctgcaggacaagctggac 
cccgagacgcgcggctcgtacgccggcgccatcggcatgccgcaattcatgcccggcagc 
atcatgcgctatgcggtcgatggcgatgacgacggccacatcgacctgaccaacagcgtc 
gcggacgcggtcatgtcggtgggcaacttcctggtcgaacatggctggcagcgcggcctg 
ccggtgttcgcgccggtcgcgctgccggccgatccggcgccgctggtggccggcggcctt 
acgccgacgctggactggaacggcctgcaggccgccggcgcgcgcccggcggcgggcgcc 
ggacgcggcgcctggcaggagcaccccatgggcatcgtggacctggtcgaggaagcgcgc 
ggcaccgtgcaataccgtaccgccacgcccaatttctttgccctgacgcaatacaaccgc 
agctacttctatgccacggcggtggccgacctggcggcCgaactgcaggcccgcacgggc 
tattga 

SEQ ID NO:72 polypeptide sequence of Orf36 
MFNCRRFLQIGTLSALLAGCATSSQTPQAQHLPAQAATGQADRVRIGPDKPVSSDEGPAT 
LTPTGELRPDVRAFAEQLAAQRELPLPQVLASLESTRYNATVARLIAPSGASGKKIWRSW 
LTYRGRFVEPKRIAWGVEFWNANQDLLNRAAQRYGVPASIIASI IGVETLYGRNVGNFRV 
VDALATLAFDYLDPAKPERADMFRGQLGDFITLALQDKLDPETRGSYAGAIGMPQFMPGS 
IMRYAVDGDDDGHIDLTNSVADAVMSVGNFLVEHGWQRGLPVFAPVALPADPAPLVAGGL 
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TPTLDWNGLQAAGARPAAGAGRGAWQEHPMGIVDLVEEARGTVQYRTATPNFFALTQYNR 
SYFYATAVADLAAELQARTGY 

SEQ ID NO:73 polynucleotide sequence of Orf37 
Atgaaccatagactcatacgttgcctgagcatcgcgctgctggccctgctgtcgggctgc 
Agcattctctccgggtcgggcccgacgcgatcggccatcatggacggcgggtcgaccgac 
Gcgaccggcgccaagctcggctcctacgacctggtggacctgcgcgccgacaccattgcg 
ccctatgtgctggtcaaggcggtgtccaaggatggcgccacctcggacggctacgtgggc 
aatatgcgcgtgatgccgggcgatgtgctgcgcatcctggtagccgacagcatggagacc 
ggactgttcgcgccgctggccgccggcggcacggtgttcgaagccgtgcgggtcgcggcc 
gacggcagcatctcgctgccctatgcgggccgcctgaaagtgcagggcaagtcgctggcg 
cagatcgagcagctcgtcaagggcagcctgcgcaataccgcggcggtgcagccgcaggcc 
atggtggatctggccgacgaccgctccaattcggtgctggtggccggggcggtgccgcgc 
ccgggacgcttcggcggcaacaagggcccgctgacggcgctggatgcgatcacgcaggcg 
ggcggctcgaccctgccggcttaccaggccgacgtagtgatccggactggcagcaaggtg 
cagcgcattccttaccagcaattgctcaacggccgcaacgtggcggtggagccgcgctcc 
gaactggtggtcgaaccgaacctgaagcgtttcgtggcgatgggggcccttaccaagccg 
ggcctgcacgaactgccgtcgaaccagaccaatctgctcgacgccctgggcgtggccgga 
ggcctgaacgaccgcgcggccgacgccaccggggtattcgtttttcgcctggacggccgc 
aacgccgatggccgcccgcggcccacggtgttcaggctgaatatgcgcaatccggagtcc 
atgttcctggccaagcaattcgagctgctgccggaggacgtggtgtatgtcagtaatgcg 
cccatgtacgaatgggaaaagatcattacgcctatcgtgcaggtcctgatcgtgggccaa 
cgcgtgggtacttactaa 

SEQ ID NO:74 polypeptide sequence of Orf37 
MNHRLIRCLSIALLALLSGCSILSGSGPTRSAIMDGGSTDATGAKLGSYDLVDLRADTIA 
PYVLVKAVSKDGATSDGYVGNMRVMPGDVLRILVADSMETGLFAPLAAGGTVFEAVRVAA 
DGSISLPYAGRLKVQGKSLAQIEQLVKGSLRNTAAVQPQAMVDLADDRSNSVLVAGAVPR 
PGRFGGNKGPLTALDAITQAGGSTLPAYQADVVIRTGSKVQRIPYQQLLNGRNVAVEPRS 
ELVVEPNLKRFVAMGALTKPGLHELPSNQTNLLDALGVAGGLNDRAADATGVFVFRLDGR 
NADGRPRPTVFRLNMRNPESMFLAKQFELLPEDVVYVSNAPMYEWEKIITPIVQVLIVGQ 
RVGTY 

SEQ ID NO:75 polynucleotide sequence of Orf38 
Atgcaacgtctcatgcccatcctggtcggactgctcgtcgtcctggccgtcctgtcttca 
Tgcgtcttcgtggtccgcgagcgcgactacgccctggtgttctcgctgggcgaggtgcgc 
Caggtcatcagcgagcctggcctgtatttcaaggcgccgccgccgttccagaacgtcgtc 
acgctggacaagcgcatcctcaccatcgagtccagcgatgccgagcgcatccagacctcc 
gagaagaagaacctgctgatcgactcgtacgtcaagtggcgcatcgccgatccgcgcctg 
tactacgtgacct tcggcggcaacgagcgcgccgcccaggagcgt ctgcaggcgcagatc 
cgcgacgcgctgaacgcggcggtcaacgtgcgcacggtcaaggacgtggtctcggccgag 
cgtgacaaggtcatggccgaaatcctcaccaacgtcgtcaagcgcgccgagccgctgggc 
gtgcaggtggtcgacgtgcgcctgcgccgcatcgagttcgcgcccgagatttccgagtcg 
gtctatcgccgcatggaagccgagcgcacccgcgtggccaacgagctgcgttcgatcggc 
gcggccgaaagcgagaagatccgcgccgaggccgaccgccagcgcgaggtcatcgtggcc 
caggcctatgcgcgcgcccagggcatcatgggcgagggcgacgcccaggccggcagcatc 
tacgcccaggccttcggccgcaataccgagttctacacctattacaagagcctggaagcc 
tatcgcgccgcgttcggcaaaaccggtgacgtattggtggtcgatccgacgtcggagttc 
ttccagttcttcaagaaccccggcaagggcgcggcgggcgccccggcaccggcgaattga 

SEQ ID NO:76 polypeptide sequence of Orf38 
MQRLMPILVGLLVVLAVLSSCVFVVRERDYALVFSLGEVRQVISEPGLYFKAPPPFQNVV 
TLDKRILTIESSDAERIQTSEKKNLLIDSYVKWRIADPRLYYVTFGGNERAAQERLQAQI 
RDALNAAVNVRTVKDVVSAERDKVMAEILTNVVKRAEPLGVQVVDVRLRRIEFAPEISES 
VYRRMEAERTRVANELRSIGAAESEKIRAEADRQREVIVAQAYARAQGIMGEGDAQAGSI 
YAQAFGRNTEFYTYYKSLEAYRAAFGKTGDVLVVDPTSEFFQFFKNPGKGAAGAPAPAN 

SEQ ID NO:77 polynucleotide sequence of Orf39 
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Ttgcccagggaggcaaccatgaaacccgtcatccagactttcctgcgcgccgccgccgtg 
Gccggcctggcgctgctggccggctgcgccggcgtcagcacgacgcagtccggcgcgatc 
Ggcgtggaccgcacccaatacatgtcgagcctggtgcccgagcaggcgctggtgcaggag 
gccgggcagcagtatgccgagatcgtccaggaggcccgcgccaaggggctgcttgaccgc 
gacccggcgcaattgtcgcgcgtgcgcgccatttcccagcgcctgatcgcgcagaccggg 
gtgtttcgcgccgacgcggccaactggccatgggaagtgcatgtgctgtcggtcgacgag 
gtcaacgcctggtgcatgcccggcggcaagattgccgtctacacgggcctgctcgcccat 
atcaagccgaccgacgacgaactggcggcggtgctgggccacgagatcgcgcatgcgttg 
cgcgagcacgcgcgcgagcgcgtctcgcagcagatggcgaccagcatcggcctgtcggtg 
ctgtccatggccaccggttcgcccggcgcgtccgacctgggcggcaagctgaccgaagtc 
atgttcaccttgcccaacagccgcacgcacgagaccgaggccgatcgcatgggcgtcgaa 
ctggccgcgcgcgccggtttcgatccgcgcgccgccgtcacgctgtggcagaaaatgggc 
gcggccgacggcaatgcgccgccggagttcctgtccacccacccgtcggccagtacccgc 
atcggcgaattgcagcaggccttgcagaaggtattgccgctgtacgagcaggcgcgcggc 
caggccgccaaatag 

SEQ ID NO:78 polypeptide sequence of Orf39 
LPREATMKPVIQTFLRAAAVAGLALLAGCAGVSTTQSGAIGVDRTQYMSSLVPEQALVQE 
AGQQYAEIVQEARAKGLLDRDPAQLSRVRAISQRLIAQTGVFRADAANWPWEVHVLSVDE 
VNAWCMPGGKIAVYTGLLAHIKPTDDELAAVLGHEIAHALREHARERVSQQMATSIGLSV 
LSMATGSPGASDLGGKLTEVMFTLPNSRTHETEADRMGVELAARAGFDPRAAVTLWQKMG 
AADGNAPPEFLSTHPSASTRIGELQQALQKVLPLYEQARGQAAK 

SEQ ID NO:79 polynucleotide sequence of Orf4O 
Gtgactcaccgtcccgctgcactctcgaagcccgcctcccgccgcggggtggccctgcgc 
Gcggcgatcgcgctgtcaaccattctgatcgtggccggctgcggctcgtcaagcaccaaa 
Tacgacaagaccgcgggctggagcgccgaacagttgtacgccgacgccaagcaggaagtc 
gcggcgggcaactggaccgatgcccgggagcgcctgaccgccatcgaaagccgctacccg 
ttcggcacgtacgcccagcaggccctgatcgaactggcttacgtcaactggaaagacggc 
gagaacgaacaggcgctggccgccatcgaccgcttccagcagctctatcccaaccacccg 
ggcacggactacgtgctgtacctgaaggggctggtcaacttcacgccggccagcgccttc 
atgagcaacctgaccggccaggaccccgccgagcgcgatcccaagggcctgcgcgcgtcc 
tacgatgcgttcaacgaactggtccagcgcttccccaacagcaagtacacgcccgatgcg 
cagaagcgcatgacctggctggtcaacgccatcgccatgaacgaagtccacgtggcgcgc 
tactactacgagcggggcgcctacgtggcggccgccaaccgggcgcagaccgtgatcacc 
gatttcgagggggcccccgcctcggaagaagcgctctatatcatggtcgagtcgtatgac 
aagctgggaatgaccgaactgaagggcgacgccgaacgcgtgctcgaccagaactatccc 
aacagcaaattcaagacgcaaggcctgtcggccgacaagagctggtggaacccgttctcg 
tggcgctga 

SEQ ID NO:80 polypeptide sequence of Orf4O 
VTHRPAALSKPASRRGVALRAAIALSTILIVAGCGSSSTKYDKTAGWSAEQLYADAKQEV 
AAGNWTDARERLTAIESRYPFGTYAQQALIELAYVNWKDGENEQALAAIDRFQQLYPNHP 
GTDYVLYLKGLVNFTPASAFMSNLTGQDPAERDPKGLRASYDAFNELVQRFPNSKYTPDA 
QKRMTWLVNAIAMNEVHVARYYYERGAYVAAANRAQTVITDFEGAPASEEALYIMVESYD 
KLGMTELKGDAERVLDQNYPNSKFKTQGLSADKSWWNPFSWR 

SEQ ID NO:81 polynucleotide sequence of Orf4l 
Ttgcccccacaggttgaccttgccatgacgaagcactctgccgctcgaatcgccaccatc 
Gccgccgcaggcgtcctgctggccggctgcgcagcgcccaagaaccccgatccgcgcgat 
Ccctgggaaggcttcaaccggggcgtctacaagttcaacgacacggtcgaccgcgcgctg 
ttcaagccggtggcccaggcctataccttcgtcaccccgcagccggtgcgcagctgcgtg 
cacaatatgttcagcaacgtgggcgacctgtggtcggccaccaacagcttcctgcaaggc 
cgcgggcacgatttcgtcaacacgatcggccgcttcctgttcaataccaccatggggatc 
ggcggctgcttcgacgtcgcgtcgaccaccggggcgcgcaagatccccaacgacttcggc 
gtgacgctgggcgtctggggcttcggccagggaccgtacctggtgctgccgatctggggc 
gccagcagcctgcgcgacggcgtcggcctgatcggcgactggaccggcaaccagggcgcg 
accatcggcgcgatcgacaacgtgccgctgcgcaactcgctgtggggcctggaggccgtc 
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gacctgcgcgccagcctgctcgataccaccgacaccgtggaccgcgtggcgctggatccc 
tacagcttcgtgcgcgacgcctacctgcagcgccgcgccgccatggtgcgcggcaccaag 
acgggcgacgacacgctgcccacctatgaagacgagggcgatgacgacgcggcccccgcc 
gcgccggccgcccagccggccgcccagccgcagtaa 

SEQ ID NO:82 polypeptide sequence of Orf4l 
LPPQVDLAMTKHSAARIATIAAAGVLLAGCAAPKNPDPRDPWEGFNRGVYKFNDTVDPAL 
FKPVAQAYTFVTPQPVRSCVHNMFSNVGDLWSATNSFLQGRGHDFVNTIGRFLFNTTMGI 
GGCFDVASTTGARKIPNDFGVTLGVWGFGQGPYLVLPIWGASSLRDGVGLIGDWTGNQGA 
T IGAIDNVPLRNSLWGLEAVDLPASLLDTTDTVDRVALDPYSFVRDAYLQRRAAMVRGTK 
TGDDTL PTYEDEGDDDAAPAAPAAQPAAQPQ 

SEQ ID NO:83 polynucleotide sequence of Orf42 
Atggcaacaaagtgcctgctccaggggagttttccggatgccagcccgataatgccggca 
Atgcgtagtggcgccgcatgggtgctggaagggaggt ttatgcggtt tggatggggat tg 
Ccggcgctggccgtcgtgcttgcgctggccggatgcgtgaatcgcgagccagaggagcgc 
gcggccttcatcgcgtatctggaacaagtggccgcgccgcaggcgggcgtcgtggccgcg 
ccgcccgacccgcccacgcgcaaggccctgggcgactacgaggcgcagtacgagccgatg 
gaagcggcgcacgccgccgtgcgcgaagcgttggcggcgcagcaggcggcgctgcaggcg 
ctgoggctgcattcggtcgacgagatcgtcgcacgccaggacggctgggacaggctggcc 
gagcgcct ggcggccgcgcgcaccgggct cgaacaggcgcgcgccgccgccgacgccgcg 
cgcgccgggatggagcagcctcccgacctgcgcaacgcctacgcgcgcgcctatgaacac 
agcgtcacggcgccggcacaggccttggcgcggatatccggcctgctcgaacccgccgtg 
gaggatgcgcggcgcgtggccgggttcgttgcgcgccatcgcgatcaggtcgataccgat 
ggtccgctgacccaggtgcgcgatccctcggtgcgcagcgagctcaatgtactgctgcag 
gcgctcaatggccgctccgaccaggtttcgcaggcgcaggccttgctcaatggcctggcg 
ggaccggctcgccaggcgccctga 

SEQ ID NO:84 polypeptide sequence of Orf42 
MATKCLLQGSFPDASPIMPAMRSGAAWVLEGRFMRFGWGLPALAVVLALAGCVNREPEER 
AAFIAYLEQVAAPQAGVVAAPPDPPTRKALGDYEAQYEPMEAAHAAVREALAAQQAALQA 
LRLHSVDE IVARQDGWDRLAERLAAARTGLEQARAAADAARAGMEQPPDLRNAYARAYEH 
SVTAPAQALARISGLLEPAVEDARRVAGFVARHRDQVDTDGPLTQVRDPSVRSELNVLLQ 
ALNGRSDQVSQAQALLNGLAGPARQAP 

SEQ ID NO:85 polynucleotide sequence of Orf43 
Gtgatgctgaagaccgtattgcgcctgccggtctgcgccgcgctgctggcgctggccgcg 
Ggctgcgcgatgattccgcccgaaccggtggtgatctgtccgctgaccgcgccgcctccg 
Tcgccgccgcaaccctcggcgcggcccaacggctcgatctaccagccttcggcctacggc 
aactatccgctgttcgaggaccgccggccgcgcaacgtgggcgacatcgtcaccatcgtg 
ctggaggaaaagaccaacgccgccaagggcgtggccaccaataccagccgcgacggctcg 
gccacgctgggcgtggcggccgcgccgcgcttcatggacggcatcatcaacgacaagctg 
gataccgatatctcgggcggcaataccgccaacggcaccggcaagagcagcgccaacaac 
accttcaccggcaccatcacgaccaccgtgatcggggtgctgcccaacggcaatctgcag 
atcgccggcgagaagcagatcgccatcaaccgcggcagcgagtacgtgcgcttctcgggc 
gtggtcgacccgcgatcgatcaccggcagcaatacggtgtcgtcgacccgggtggccgac 
gcgcgcatcgaataccgcagcaagggcgtcatggacgaagtccagaccatgggctggctg 
caacgctttttcctgatcgcttcgccgttctga 

SEQ ID NO:86 polypeptide sequence of Orf43 
VMLKTVLRLPVCAALLALAAGCAMIPPEPVVI CPLTAPPPSPPQPSARPNGS IYQPSAYG 
NYPLFEDRRPRNVGDIVTIVLEEKTNAAKGVATNTSRDGSATLGVAAAPRFMDGIINDKL 
DTDISGGNTANGTGKSSANNTFTGTITTTVIGVLPNGNLQIAGEKQIAINRGSEYVRFSG 
VVDPRS ITGSNTVSSTRVADARIEYRSKGVMDEVQTMGWLQRFFLIASPF 

SEQ ID NO:87 polynucleotide sequence of Orf44 
Atgaagtcgtccctgtatcgaatcgcagcgctcagcgccgctgccctgttgctggccggc 
Tgcgccaaccagcgcgctccgaaggagtcgggcttcctcggcgattactcgcagttgcgc 
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Gaggagcaggtgcccggcggcgcgcggctgatctaccgcgacgccgcgctcaagccgcgc 
cagtacaccgccatgtggctgtcgccggtcgagtactaccccagcccgcaaccgtcggcg 
caggtgtcgatggaaacgctgaccgaactgcagaactacctggaccagtcgctgcgccgc 
aagatcggccgcgagatccgcctggtcaacggccccggcccgggcgtggccaaggcgcgc 
atcgcgatcacagcggtcggcagcgaaagcgaggcgctggcggcctaccagtacatcccc 
gtggcgctggccgtcaccggcgccagggccgtgctggaaggcggccggccgcagcaggcc 
accatcgcgatcgaaagcaaggtcaccgacagccagacgggccagctgctgtgggcgtcg 
gtgcgcgggggcaccggcgagcgcgtacgcgccatcgcccagggccaggcctcggtgccg 
gcctcggcgctcaagccgctgatcgacgaatggaccgataacgtcgcacgtgaaatacgc 
aactacgtgcgcagcaaataa 

SEQ ID NO:88 polypeptide sequence of Orf44 
MKSSLYRIAALSAAALLLAGCANQRAPKESGFLGDYSQLREEQVPGGARLIYRDAALKPR 
QYTAMWLSPVEYYPS PQPSAQVSMETLTELQNYLDQSLRRKIGREIRLVNGPGPGVAKAR 
IAITAVGSESEALAAYQYIPVALAVTGARAVLEGGRPQQATIAIESKVTDSQTGQLLWAS 
VRGGTGERVRAIAQGQASVPASALKPLIDEWTDNVAREIRNYVRSK 

SEQ ID NO:89 polynucleotide sequence of Orf45 
Gtgaaccaacgtggggcccttttacccgttaacacgtgtgactctctttgcaaaggaact 
Atcatgaagtcgcgcattgccaaaagcctaaccatagctgcgctggccgccacgctggca 
Gcctgcagt tccgtccctctcgacgacaaggcaggtcaagctggaggctccggccagggt 
tcggcctccggccagatcctggatcccttcaacccgcaaagcattctggcgcaacagcgc 
tcggtgtactttgacttcgacagctatacggtgtcggaacagtatcgcggcctggtcgaa 
acccacgcccgctacctggcttcgaacaaccagcagcgcatcaagatcgaaggcaatacc 
gacgaacgcggcggcgccgagtacaacctcgcactgggccaacgccgtgccgacgctgtc 
cgtcgcatgatgaccctgctgggtgtgtcggacaaccagatcgaaaccattagtttcggc 
aaggaaaagccgaaggcgacgggttcgagcgaggctgatttcgccgagaaccgccgcgcc 
gatatcgtttatcagcgctaa 

SEQ ID NO:90 polypeptide sequence of Orf45 
VNQRGALLPVNTCDSLCKGTIMKSRIAKSLTIAALAATLAACSSVPLDDKAGQAGGSGQG 
SASGQILDPFNPQSILAQQRSVYFDFDSYTVSEQYRGLVETHARYLASNNQQRIKIEGNT 
DERGGAEYNLALGQRRADAVRRMMTLLGVSDNQIETISFGKEKPKATGSSEADFAENRRA 
DIVYQR 

SEQ ID NO:91 polynucleotide sequence of Orf46 
Gtgtccatgatcgcacgtatttccctgcggcctctgaaggggctcgcggtggctgtcctg 
Gcagcctccgccctgaccgcctgctcgtccggcaaatggggattcccctacaaggccggc 
Gtccagcaaggcaactggatcaccaaagagcaggtcgccctgctgcagcaaggcatgtcg 
cgcgaacaggtgcgcttcgccctgggcagccccacgctgaccagcgtgctgcacgccgat 
cgctgggattacccctactacttcaagcccggctacggcaaggcgcaggaacgccagttc 
accgtgtggttcgagaacgaccacctggtacgctggagcggggatgaacagcccgacctc 
cagccgttccagatcgagaaagtgaacgccaaacaggaagaaaaagccgacgcccaggtg 
gatacggccgagaagcgccaggaaggcatcgacaaggctgaaaaagtccggccccatgtc 
gatgtcacgacgccggacaaccccaccctcgactacccgggcgagccgggccaaaccttc 
gaaccgctcaagtaa 

SEQ ID NO:92 polypeptide sequence of Orf46 
VSMIARISLRPLKGLAVAVLAASALTACSSGKWGFPYKAGVQQGNWITKEQVALLQQGMS 
REQVRFALGSPTLTSVLADRWDYPYYFKPGYGKAQERQFTVWFENDHLVRWSGDEQPDL 
QPFQIEKVNAKQEEKADAQVDTAEKRQEGIDKAEKVRPHVDVTTPDNPTLDYPGEPGQTF 
EPLK 

SEQ ID NO:93 polynucleotide sequence of Orf47 
Atggcgacccatcctgtcgggccaacgttgctggcggcgctgacgctgcttgccgcctgc 
Agcggttccatggcgcaagagccgccctacaagagcacgatactgggcttgcaggcgacc 
Atcctggacctgaagggcttgccgtccgacaccgacggcggcatatcggacctgagcgcc 
caagtgggtgcgctggccgcgcgccatgaaggcgtgtcggtacggcagggcaaggatgcc 
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gtcaccatcgccatgatgggcgacgtactcttcgatttcgacaaggccgacatactcgcc 
gcggccgaacccactctgcgggacatcgcggagctgatcaaatcccccgccaccggcatc 
gtcgccattgaaggtcacacggactccaagggctcggattcctataacaagggcctgtca 
ttgcgacgggcccaggccgttgcgcagtggctgggcgctcacggggtggatgcagcgaaa 
ctgtcggtcaggggcctgggggctgccaggcccgtacagcccaaccagctagctgtgaag 
attcaatag 

SEQ ID NO:94 polypeptide sequence of Orf47 
MATHPVGPTLLAALTLLAACSGSMAQEPPYKSTILGLQATILDLKGLPSDTDGGISDLSA 
QVGALAARHEGVSVRQGKDAVTIAMMGDVLFDDKADILAAAEPTLRDIAELIKSPATGI 
VAIEGHTDSKGSDSYNKGLSLRRAQAVAQWLGAHGVDAAKLSVRGLGAARPVQPNQLAVK 
IQ 

SEQ ID NO:95 polynucleotide sequence of Orf48 
Atgaactatatgcattccccctctgtagttgccgggcgcgcccgccgcctgctggcggta 
Gcggcggttgccggctcggtggccgttctggccggctgcgccaatcccagcgcatcgagt 
Ggggtgtacacgtacggccaggcgcagcgcgagcagatcgtgcgcaccggcacggtcacc 
ggcgtgcgtccgattaccat ccagaacgacaagtccagcggcgtcggct tggtggccggt 
ggcgcgctgggcggggtagcgggcaatgccgtcggcggcggcaccggccgcaccatcgcc 
acggtgggcggcgtcatcctcggcgcgctggcgggcaacgccatcgagaaccgcgcgggc 
aagtcctccggctacgaaatcacggtgcgcctggacaacggcgaaacccgggtcgtggcg 
caggaagccgacgtgcccatcagcgtgggccagcgcgtgcaggtcatcagcggcgcgggc 
ccgacccgcgtgacaccgtattga 

SEQ ID NO:96 polypeptide sequence of Orf48 
MNYMHSPSVVAGRARRLLAVAAVAGSVAVLAGCANPSASSGVYTYGQAQREQ IVRTGTVT 
GVRPITIQNDKSSGVGLVAGGALGGVAGNAVGGGTGRTIATVGGVILGALAGNAIENRAG 
KSSGYEITVRLDNGETRVVAQEADVPISVGQRVQVISGAGPTRVTPY 

SEQ ID NO:97 polynucleotide sequence of Orf49 
Ttggcgttgatcagcaaaaaggagcgcatcttgaaaaccctgctacccgtattggcgctt 
Gccgccctgctgtcggcctgcaacgcgaacgccccctcggatacgcccgagggcgcgccg 
Ccgcccgatacgcatacctcgcgcaattcgctggactggcaaggcacgtaccagggcgtg 
ctgccgtgcgccgactgccccggcatccgcacggtgctgaccctgcgcgccgacaacacc 
taccagttgcagacccagtacctggagcgccagccccgcccggacacggtgcaaggcaga 
ttcggctggctgacgggcgacaacgccatcgagctcgacagcgccggcgatcactaccgt 
taccaggt cggcgaaaaccggctgaccatgatgtcgcaagacggcaccctgcccagcggc 
ccgttggccgagcactacgtgctcaagcgcagccagtga 

SEQ ID NO:98 polypeptide sequence of Orf49 
LALISKKIERILKTLLPVLALAALLSACNANAPSDTPEGAPPPDTHTSRNSLDWQGTYQGV 
LPCADCPGIRTVLTLRADNTYQLQTQYLERQPRPDTVQGRFGWLTGDNAIELDSAGDHYR 
YQVGENRLTMMSQDGTLPSGPLAEHYVLKRSQ 

SEQ ID NO:99 polynucleotide sequence of Orf5O 

ATGAGACGGTTAAAGGCCCAGGCTTTCGAAGGCAGCCGCAGCAGGCCGGCAGGACATGGGGTGGCGCCTA 
CCTTGCTGGCGCTGGCCCTGGGGTTCCAGGGGGCGGCGGCGTGGGCCAATTGCACCACCTCGGGGTCCAA 
CACCACTTGCACCGCAGCCGGCGGAGCGCATCGCGCCAAGGTAGGGGGCGGCTCTACCGGGAACAACCAA 
CACGTCACGGTGCAGGCCGGTGCGCGGATCGAGGCCGGCGACAGCGGGGCCATCAGCGTGGGCAATAACA 
GCCGAGTCCAGATCCAGGACGGCGCCGTCGTGCAAAGCACGGTCAATACTGCTGCGTCCGGCCAGTACGC 
CAAAACGCTGGAAGCAGCAAGCAATAACAATATTTCCATCCAAGTAGGCGCGCAGCTCCTGGCCAAGGGC 
AGCGCTTCGCAGTCCAGCGCGTTGGGATTGTCAGGCGCCGGCAATACCGTCACCAACCATGGCACGATCC 
GGGCCGATAATGCCGCGGCAATCTGGATCACTGCCAATACCGCCAATGCGGCCAATACCATCGATAACTA 
CGGGACTATCGAAACAGTGCTCAATGGCGGCTACGCCAACGCCATCGGCAGCACGCGGAACAACAGCGCC 
ACGGGCGCTGGCGTGACGGTACGCAATCATGCCAACGGGCGCATCGTCGGCAACGTGAAGTTCGAGGCTG 
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GCGACGACAGCGTCATACTCGACGGCGGCTCTACCATCACCGGATCCTTGAACGGTGGCAGCGGCAACAA.  
CAGCCTGACGCTGAAAGCCGGCGACGGCACGCTGGGCCGCGCAATCCGCAACTTCGGC-ACGATCACCAAG 
CAGGAGGCTGGAACCTGGACCCTGAATGGCCAGGTCGGCCGCAACGACAACAACTTCAAGTCCACGGTCA 
AGGTGGAGGGCGGCACGCTGGTCTTGCGCGGCGATAACAGCGGCGCCACCCAGGGCGGCGTGTTGCAGGT 
GTCCGCCGGCGCTACGGCGGACGTAACTGCCGCCAGCGCCATGCAGTCCATCAGCAACGCCGGCACGGTT 
CAGTTCACGCAGGACAGCAATGCCGCCTACGCCGGCGTGCTGAGCGGGACCGGGAGCATCGTCAAGCGCG 
GCGGCGGCGACCTGACGTTGACGGGCAACAACACCCATACCGGCAAGGTGGTGGTGGAGGCGGGCAGCCT 
CAGCGTATCGGCGGCCAACAACCTGGGTGGCGCAGGTAGTTCGGTACAGCTCAAGGGCGGCGCCCTCGCC 
CTCAAGAAAACCATCGCCGTCAATCGCGGCCTGACGCTCGATTCCGGGGCGCAGACGTTGATCATCGAGC 
CGGGAACAACCACGACCTGGCAAGGCCAGGTCAGTGGCGCCGGCAAACTGGTGACCCAGGGCGGCACGCT 
GGTGCTGGAGCACGCGTCCAATACGTATAGCGGCGGTACGGAGATCAACAACGGAACGCTGCGGGCGGCG 
CATGACGCCAGCCTGGGTTCCGGCACGTTGGCGCTCAAGAACAGCCAGCTGGCCGCCACGGACAGCTTCA 
CGGCCACGCGTGCATTGACGCTCGCTGGAAACGAAAGCATAGACGTCGCAGCCACCAAGATACTCAGTTG 
GAACGGAGAAATCAGCGGCGCCGGCACCCTGGTGAAGGAAGGCCAGGGGACCTTGCTGCTGCGCGGAACC 
AATCAGCAAAATGGCGGCACGACCGTCAATGCCGGTACGCTGCAGATATCCCGCGACGCCAATCTTGGCC 
GAGGGGCGCTGGCGCTGAACGACGGCACGCTGCAGAGCACCGGCAGCTTCGCGACCTCGCGCGCGGCCAC 
CTTGCGCGGCCAGGCCACCATGGAGGTCGACGCTTCGCATACCGTGACCTGGAATGGCGAGCTGAGCGGC 
GGCGGCATGTTGCGCAAGTCAGGCCAGGGCACGCTGGCCCTGGCCGGCGCCAACACGTACTCGGGTGGCA 
CGGTGGTCGAGGCCGGCGCGCTTCGGGCAGGACACGAAGA 
CAACCTGGGACGGGGCGCAATAACCCTGCAGGGCGGAGATCTGCTTGCCGGCGGCAGTTTTTCGAGCAAC 
CGCGATCTCACGCTTGTCCGCGGTTCCTTGGACGTGGCTCGCGACGCTACCCTGACCTGGAACGGTGCGA 
TATCGGGCGCCGGCGATCTGGTCA1AACGGGGGACGGGACCCTGGCGCTCACTGGCGTCAACGAGTACGC 
CGGCCAGACCGTGCTCAGGCAAGGCAAGCTGCGCGTGGCCAGGGAAGAAAGCCTGGGCGGCGCTGCGCTG 
GTGCTGGAAAACAATACGGTGTTCGAGAGTGCGGGCTCGTATGCCATCGGGCGGCGAGTCACGCTCAAGG 
GCGCGCCCAAGGTGGCAACGCCCGCGGGCGACACGCTCGAATGGCGCGGCACGGTCGACGGCGACGGCAA 
GCTGTACAAGCAAGGCGGCGGCACGCTCGTGCTGAGCGGCAACAATACCTACGCCAAGGGCGTCGAGGTC 
TGGGGCGGGGTCGTGC1AAGTCTCTCGCGACCAGAACCTGGGCGCGGCCAATGGCGCGGTCACGCTCAACG 
GCGGCGGGTTGGCGGCCAACGGGGATTTCACCAGCAATCGCCAGCTGGAGCTGACCGCCGGGGCCAAGGC 
CATCGACGTCGCGGCCGGCAAGGACGTGACGTGGCGCGGTGTCGTCAACGGCGCCGGCGCGCTGACCAAG 
GCCGGCGACGGCACCTTGAGGTTGGAGAGCGTCAACACCTACACCGGTGGCACGCGCTTGCAGGGCGGCA 
CCGTGCAGGTATCGCGCGACAACAACCTAGGCCAGGCCGCCGGCGCGGTCACGTTCGACGGCGGGCGGCT 
GGCCAGCACCGGCAGCTTTGCGACCGCACGCGCGGCCACGCTCAACAACGCCGGCCAGATCGATACCcCC 
CAGGGCACCACGCTGACGTGGAACGGCGCCATTGGCGGCAAGGGCGAGCTGCGCAAGCAAGGGGCGGGCA 
CCCTGGTGCTGGGCGGCGCCAACACTTACCAGGGCGACACCCGCGTCGAGGCTGGCACGCTGCAGGTGTC 
GGCCGACGCCAATCTGGGCCAGGGCGCCGTGCATCTGCACGACAGCCGGCTGGCGACGACCGGTACCTTC 
GCGACCTCGCGCCGTCTGGAGTTGACCGGACGTGGCACGGTGCAAGCGGCTGCCGCCGCCACGCTGGATT 
GGCGCGGGACGGTGGCTGGCGCCGGCACGCTGGTCAAGGAAGGCGCAGGCACGCTGGTGCTGGCCGGCGA 
CAACCAGCATGCCGGCGGCACCCTGGTCCACGGCGGCACGCTGCGCATCGCCCGCGACGCCAACCTGGGC 
GCGGCGGGCACGGCGGTGACGCTGGACGGCGGCACGCTGGCCACCACGGCATCGTTGGCGCTGGATCGCG 
CGCTGCGCGTCGGGGCGCGCAATGGCGTATTGCTGCCGGACGCGGGCACGACCCTGGATTGGCGGGGCGT 
GGTCGCCGGCGCGGGCAAGCTGACCAAGGCCGGTCCGGGCATGCTGGTGCTCAGCGCCGACAACCGCCAT 
GGCGGCGGCACGGCAGTCACCGGCGGTACGCTGCAAGTCTCGCGCGACGCCAACCTGGGCGCGGCGGCCG 
GCGCCCTGACGCTGGACGGCGGCACTTTGCTGAGCACCGCCAGCTTTGCCTCGGCGCGTGCCGCCACCCT 
CGATGCCGCGGGCGGCACCTTCGTCACCCGCGACGGCACCCGGCTGGATTGGGACGGCGCGATAGGCGGG 
GCGGGTCGCCTGGTCAAGGAGGGCGCCGGCGAGCTGCGGCTTGGCAATGCCAATACCTACCAGGGGCCGA 
CCCGCATCGCCGCCGGCCGCCTGGCCGTCAACGGCAGCATCGCCAGCCCGGTCACGGTCGAGCAGGCTGG 
CGTGCTGGGCGGCACGGGCCGCATCGTCGGGGATGTGGCCAACCGCGGCGTGGTCGCGCCGGGCAACTCG 
ATCGGCGCGTTGACGGTAGCCGGCAATTACGCTGGTACCGGCGGCAGCCTGGAAGTGGAGGCGGTGCTTG 
GCGGCGACGCCGCGCCGGCCGATCGGCTGGTGCTTGACGGCGGCGCGGCCAGCGGTGTCACGCCGGTCGT 
GGTCAAGCCGCAGGGCGGGGTGGGCGGCCTGACCCTGCGCGGCATTCCGGTGGTCGTGGCCCAGGGTGGC 
GCCACGACCGCGCCCGGGGCCTTCCGCCTGGCGCAGCCGCTGGTCGCGGGCGCCTACGAGTACCAGTTGC 
TGCGCGGCGCGGGCGACGGCGCCGCGGCGCAGGCGCAGGACTGGTACCTGCGTACGTCCCGCGTCGAGCG 
CGACAAGGCGGGCAGGATCGTCAAGGTCGTCCCCTTCTACCGGCCCGAGGTGGCGCTGTATGCCGGCACG 
CCGATGCTGATGCGCATGACAGGCACGGAAATGCTGGGCAGCTATCGCGAGCGGGCGGGCCAGACTGGTG 
CGGTGTCGCCCGAAGCGGGCGCCACGGCCGCGCGCGGTGGATGGGCGCGCACCTTCGGCCGCCGTTTCGA 
GCGTTCCGCCGGCGGCGAGGCCGCGCCGTCCTTCGACGGCCATTTGGCCGGCGCGCAACTGGGCGCGGAC 
CTCTACGCGCGCAGCTCGGGCACGCGGCATACCGACGCCTTCGGGGTGTTCGGCGGATATGCCACGGTGC 
GCGGCGACGTGCATGGCCTGGCGCGTGGCGAAAJTCCAGGCCGTGGGGACGTCCACGCTGCGGGCCACCCA 
ATTGGGCGCCTATTGGACCCACACTGGTCCGGGCGGCTGGTACATCGACACGGTGCTGGCCGGCACGCGC 
TACAGGCAGCAGACGAAGTCGTCCGCTCAGGTCGGCGCTGTCAGCCGCGGCTGGGGGATGACGGCTTCGG 
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TGGAGGCGGGCTATCCGTGGCAGCTCAACCCGCGCTGGCGCATCGAACCGCAGGCCCAGGTGGTGTATCA 
GCAACTGGGCATTGCCAATGGCGCCGACCGCGTGTCCACGGTGTCGTACAAGACGCCCGATGCGCTGACG 
GCTCGGTTAGGTACGCGCCTGTCGGGCCAGTACGCATACGGGAAGGCGCAGTTGCGGCCGTTCATGGGCG 
TATCGCTGCTGCACGATTTCACCGGCGCGGACACCGTCACGTTCGCGGGCGCGCATGGCGTACGCGCCAG 
CCGCCAGAACACGGCCGTGGATCTGAAGGCGGGCGTGGACACGCAGCTGGGCAAGAGCGTAGGCCTGTGG 
GGGCAGGTAGGCTACGGCAAGTCGGTCGGCAGCGGCGACGGCAGCGACCGTGGCTGGAGCGCCAACCTGG 
GGCTGCGCGTGGCGTATTGA 

SEQ ID NO:100 polypeptide sequence of Orf5O 
MRRLKAQAFEGSRSRPAGHGVAPTLLALALGFQGAAAWANCTTSGSNTTCTAAGGAHRAK 
VGGGSTGNNQHVTVQAGARIEAGDSGAISVGNNSRVQIQDGAVVQSTVNTAASGQYAKTL 
EAASNNNISIQVGAQLLAKGSASQSSALGLSGAGNTVTNHGTIRADNAAAIWITANTANA 
ANTIDNYGTIETVLNGGYANAIGSTRNNSATGAGVTVRNHANGRIVGNVKFEAGDDSVIL 
DGGSTITGSLNGGSGNNSLTLKAGDGTLGRAIRNFGTITKQEAGTWTLNGQVGRNDNNFK 
STVKVEGGTLVLRGDNSGATQGGVLQVSAGATADVTAASAMQSISNAGTVQFTQDSNAAY 
AGVLSGTGSIVKRGGGDLTLTGNNTHTGKVVVEAGSLSVSAANNLGGAGSSVQLKGGALA 
LKKTIAVNRGLTLDSGAQTLIIEPGTTTTWQGQVSGAGKLVTQGGTLVLEHASNTYSGGT 
EINNGTLRAAHDASLGSGTLALKNSQLAATDSFTATRALTLAGNESIDVAATKILSWNGE 
ISGAGTLVKEGQGTLLLRGTNQQNGGTTVNAGTLQISRDANLGRGALALNDGTLQSTGSF 
ATSRAATLRGQATMEVDASHTVTWNGELSGGGMLRKSGQGTLALAGANTYSGGTVVEAGA 
LRAGHEDNLGRGAITLQGGDLLAGGSFSSNRDLTLVRGSLDVARDATLTWNGAISGAGDL 
VKTGDGTLALTGVNEYAGQTVLRQGKLRVAREESLGGAALVLENNTVFESAGSYAIGRRV 
TLKGAPKVATPAGDTLEWRGTVDGDGKLYKQGGGTLVLSGNNTYAKGVEVWGGVVQVSRD 
QNLGAANGAVTLNGGGLAANGDFTSNRQLELTAGAKAIDVAAGKDVTWRGVVNGAGALTK 
AGDGTLRLESVNTYTGGTRLQGGTVQVSRDNNLGQAAGAVTFDGGRLASTGSFATARAAT 
LNNAGQIDTAQGTTLTWNGAIGGKGELRKQGAGTLVLGGANTYQGDTRVEAGTLQVSADA 
NLGQGAVHLHDSRLATTGTFATSRRLELTGRGTVQAAAAATLDWRGTVAGAGTLVKEGAG 
TLVLAGDNQHAGGTLVHGGTLRIARDANLGAAGTAVTLDGGTLATTASLALDRALRVGAR 
NGVLLPDAGTTLDWRGVVAGAGKLTKAGPGMLVLSADNRHGGGTAVTGGTLQVSRDANLG 
AAAGALTLDGGTLLSTASFASARAATLDAAGGTFVTRDGTRLDWDGAIGGAGGLVKEGAG 
ELRLGNANTYQGPTRIAAGRLAVNGSIASPVTVEQAGVLGGTGRIVGDVANRGVVAPGNS 
IGALTVAGNYAGTGGSLEVEAVLGGDAAPADRLVLDGGAASGVTPVVVKPQGGVGGLTLR 
GIPVVVAQGGATTAPGAFRLAQPLVAGAYEYQLLRGAGDGAAAQAQDWYLRTSRVERDKA 
GRIVKVVPFYRPEVALYAGTPMLMRMTGTEMLGSYRERAGQTGAVSPEAGATAARGGWAR 
TFGRRFERSAGGEAAPSFDGHLAGAQLGADLYARSSGTRHTDAFGVFGGYATVRGDVHGL 
ARGEIQAVGTSTLRATQLGAYWTHTGPGGWYIDTVLAGTRYRQQTKSSAQVGAVSRGWGM 
TASVEAGYPWQLNPRWRIEPQAQVVYQQLGIANGADRVSTVSYKTPDALTARLGTRLSGQ 
YAYGKAQLRPFMGVSLLHDFTGADTVTFAGAHGVRASRQNTAVDLKAGVDTQLGKSVGLW 
GQVGYGKSVGSGDGSDRGWSANLGLRVAY 

SEQ ID NO:101 polynucleotide sequence of Orf5l 
ATGAACAAACCCTCCAAATTCGCTCTGGCGCTCGCCTTCGCCGCTGTTACGGCCTCTGGTGCAGCTTCCG 
CGCAAACCGTGGACAACTGGCGCAATCCGTTTGGCGACGTTTGGAAGAACGGCACCAATGAACTGTGCTG 
GCGCGATGCGTTCTGGACCCCGGCTACCGGCATCCCCGGTTGCGACGGCGTTCCGGTCGCTCAGAAGGAA 
AAGTCCGCTCCCATGGCCGCCAAGGTCGTGTTCAATGCTGACACCTTCTTCGACTTCGACAAGTCGACGC 
TGAAGCCGGAAGGCCGCCAGCTGCTGGATCAAGTCGCCCAGCAAGCCGGCACGATCGATCTGGAAACGAT 
CATCGCCGTTGGCCACACGGACTCGATCGGCACCGAAGCCTACAACCAGAAGCTGTCCGAGCGCCGTGCC 
GCTGCGGTCAAGACCTACCTGGTCAGCAAGGGTATCGACCCCAACCGTATCTACACGGAAGGCAAGGGCG 
AACTGCAACCGATCGCTTCGAACAAGACGCGTGAAGGCCGTGCCCAGAACCGTCGCGTGGAAATCGAAAT 
CGTCGGTAGCCGCAAGAACTAA 

SEQ ID NO:102 polypeptide sequence of Orf5l 
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MNKPSKFALALAFAAVTASGAASAQTVDNWRNPFGDVWKNGTNELCWRDAFWTPATGIPG 
CDGVPVAQKEKSAPMAAKVVFNADTFFDFDKSTLKPEGRQLLDQVAQQAGTIDLETIIAV 
GHTDSIGTEAYNQKLSERRAAAVKTYLVSKGIDPNRIYTEGKGELQPIASNKTREGRAQN 
RRVEIEIVGSRKN 

SEQ ID NO:103 polynucleotide sequence of Orf52 
ATGAACAAACCCTCCAAATTCGCTCTGGCGCTCGCCTTCGCCGCTGTTACGGCCTCTGGTGCAGCTTCCG 
CGCAAACCGTGGACAACTGGCGCAATCCGTTTGGCGACGTTTGGAAGAACGGCACCAATGAACTGTGCTG 
GCGCGATGCGTTCTGGACCCCGGCTACCGGCATCCCCGGTTGCGACGGCGTTCCGGTCGCTCAGAAGGAA 
AAGCCCGCTCCCATGGCCGCCAAGGTCGTGTTCAATGCTGACACCTTCTTCGACTTCGACAAGTCGACGC 
TGAAGCCGGAAGGCCGCCAGCTGCTGGATCAAGTCGCCCAGCAAGCCGGCACGATCGATCTGGAAACGAT 
CATCGCCGTTGGCCACACGGACTCGATCGGCACCGAAGCCTACAACCAGAAGCTGTCCGAGCGCCGTGCC 
GCTGCGGTCAAGACCTACCTGGTCAGCAAGGGTATCGACCCCAACCGTATCTACACGGAAGGCAAGGGCG 
AACTGCAACCGATCGCTTCGAACAAGACGCGTGAAGGCCGTGCCCAGAACCGTCGCGTGGAAATCGAGAT 
CGTCGGTAGCCGCAAGAACTAA 

SEQ ID NO:104 polypeptide sequence of Orf52 
MNKPSKFALALAFAAVTASGAASAQTVDNWRNPFGDVWKNGTNELCWRDAFWTPATGIPG 
CDGVPVAQKEKPAPMAAKVVFNADTFFDFDKSTLKPEGRQLLDQVAQQAGTIDLETIIAV 
GHTDSIGTEAYNQKLSERRAAAVKTYLVSKGIDPNRIYTEGKGELQPIASNKTREGRAQN 
RRVEIEIVGSRKN 

SEQ ID NO:105 polynucleotide sequence of Orf53 
ATGAAGTTCTACCCTTCCCATCCGATGCCCGAGTCGCTCGCGGCTGCGATCGCAGTGCCTCTGTTGGGCC 
TGCTGCCGGCGGCGCAGGCCGCGTCCACGGCGGTCCAGCTGCCATCCGTCACGGTCGAGGGCGAGTACTC 
GTCCTATCAACCGGAAAGCGCCCAGTCGCCCAAGTTCACCGCGCCCCTGGCGGACACGCCGCGCACGGTG 
CAGGTCATCCCTGAGCGGCTCATCCAGGACCAGGGGGCCAGCGACCTCGAAGCGGTACTGCGCAATGCGC 
CAGGGATATCGATGACCGCCGGCGAAGGCGGCCGTCCGGCCAGCGACCTGCCGTTCATCCGCGGCCAGAA 
TTCGGCCAGCAGCCTGTTTGTCGACGGCCTGCGCGATCCCAGCACGCAATCGCGCGATACCTTCAACCTG 
GAACAGGTCGACGTCGTCAAGGGGCCCGATTCGGTATTTTCCGGGCGCGGCGGCGCCGGCGGAAGCATCA 
ACCTCGTCACCAAGACGCCCAGGAACCAGGATTTCACCGAAGTCCAGGCCGGCATCGGGACGGCCGAGAC 
CTACCGAGGCACCATAGACGGCAACTGGGTGCTGGGCGAGAACACGGCGCTGCGCCTCAACCTGCTGGGC 
ACCAGGGGCACCGTGCCGGGCCGCGACAAGGCGGTCGAGTTCAGCCGCGTGGGTATCGCGCCATCGCTGC 
GCCTGGGCCTGAGCGGCCCCACCCGCGTGACGCTGGGCCTGTACCTCTATCGCCACCGGCGGGTTCCCGA 
TTATTCGATTCCGTACGATCCGCGCACCGGCACGCCGATCACCGAGACCATCGGGGTCAGCCGCCGCAAC 
TTCTACGGCCTGGTGCAGCGCGACTCCGGCGATACCGAGGACTACGCCGCCACCGTCAAATGGGAGCACG 
ACCTCGCCAATGGCTTCAAGGTGGAGAACCTGGCGCGCTACTCGCGCGCCACGGTGGAGCAGATCACCAC 
CATCCCCGAACTGAAAACCGCCGATCTGGCCAAAGGGCTGGTGTACCGCAATCTGCGCGCCAGCTACCAG 
GTCAACGACAGTTTCGCCAACCGCACCGACCTGCGCGGCACATTCGACACGGGGCAGTGGCGCCATACCT 
TCGATCTGGGCGGGGAGTTCGCCACCAGCCGGCGCAGTCGCGACCGCTACAAGCAGGAAATCCCCGACGC 
CGCCAGTCCTTGCTCGCCCGTGACGGGCGGCAACAATCCCGCCCTGTGCGCCTCGCTCCGGGATCCGGAT 
CCGCACGTGGATTTCCCGGGAACGGTGCGGCGCAACCATAACCCGGCCCGCTACCACACCGACATCCTGT 
CCCTGTACGGTTTCGACACCATCGCCTTCGACGAGCAGTGGCAGCTGAATCTCGGCCTGCGCTGGGACCA 
CTACAAGACCAGCGGACGCAACCTGCCGGTACGAGGCGCCAAGCCGCCCGTCTACGAGAGCGCCGCGCGT 
ACCGACAACCTGTTCAACTACCAGCTCGGCCTGGTCTACAAGCCTCGTCCGGACGGCTCGGTGTATGCGA 
GCTACGGCACGGCGTCCACGCCGTCGGCCGTGTCCGACTACGCCCCGGCGGACAACATCTCCGGCACAAG 
CCAGCAGTTCAAGCCGGAGCGCAGCGAGGTGATCGAGGTCGGGACCAAGTGGCAGGTGCTGGACCGGCGG 
CTGCTGGTGACGGGCGCCATGTTCCGCGAAACGCGCAAGAACACCAGCATCGAAGTCGCCGAAGGCCTGC 
GCGCACCGGCCGGCAAGAGCCGCGTCACCGGCATGGAGCTGGGCGTGGCGGGCAGCCTGACGCCGCGCTG 
GGACGTCTACGGCGGCTACGCGCTGCTCGACAGCAAGCTGGTCAGGGCCAGCCATAACAGCGGGGCGCAA 
GGCCAGCCGCTGCCCAGCGCGCCCCGGCACGCATTCAGCATCTGGAGCACCTACAAGCTGCTGCCGGAGC 
TGACCGTGGGGGCCGGCGCGTTCTATCGCAGCAAGGTCTA 
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TGGCAACGCAGATGCCGGCCACAACAAGGACGGCACGCCCAAGGCGCGCTGGGTGCCGGCGTACTGGCGC 
TTCGACGCCATGGCGGCGTACCAGCTCAACAAGCACCTTACGGCCCAGTTGAACGTCTACAACCTGCTCG 
ACAAGACCTATTACGCCAAGACCTACCGCAGCCATTACGCGGCGCTGGGTCCGGGGCGGTCCGCCATGCT 
GACGTTCAAGCTGAGCTACTGA 

SEQ ID NO:106 polypeptide sequence of Orf53 

MKFYPSHPMPESLAAAIAVPLLGLLPAAQAASTAVQLPSVTVEGEYSSYQPESAQSPKFT 
APLADTPRTVQVIPERLIQDQGASDLEAVLRNAPGISMTAGEGGRPASDLPFIRGQNSAS 
SLFVDGLRDPSTQSRDTFNLEQVDVVKGPDSVFSGRGGAGGSINLVTKTPRNQDFTEVQA 
GIGTAETYRGTIDGNWVLGENTALRLNLLGTRGTVPGRDKAVEFSRVGIAPSLRLGLSGP 
TRVTLGLYLYRHRRVPDYSIPYDPRTGTPITETIGVSRRNFYGLVQRDSGDTEDYAATVK 
WEHDLANGFKVENLARYSRATVEQITTIPELKTADLAKGLVYRNLRASYQVNDSFANRTD 
LRGTFDTGQWRHTFDLGGEFATSRRSRDRYKQEIPDAASPCSPVTGGNNPALCASLRDPD 
PHVDFPGTVRRNHNPARYHTDILSLYGFDTIAFDEQWQLNLGLRWDHYKTSGRNLPVRGA 
KPPVYESAARTDNLFNYQLGLVYKPRPDGSVYASYGTASTPSAVSDYAPADNISGTSQQF 
KPERSEVIEVGTKWQVLDRRLLVTGAMFRETRKNTSIEVAEGLRAPAGKSRVTGMELGVA 
GSLTPRWDVYGGYALLDSKLVRASHNSGAQGQPLPSAPRHAFSIWSTYKLLPELTVGAGA 
FYRSKVYGNADAGHNKDGTPKARWVPAYWRFDAMAAYQLNKHLTAQLNVYNLLDKTYYAK 
TYRSHYAALGPGRSAMLTFKLSY 

SEQ ID NO:107 polynucleotide sequence of Orf54 

ATGAAAAAGACTCTGCTCGCTGCCGCCCTGCTCGCCGGTTTCGCCGGTGCCGCTCAGGCAGAAACGTCGG 
TCACCCTGTACGGTATCATCGACACGGGTATCGGCTACAACGATGTCGATTTCAAGGTGAAAGGCGCTAA 
CGCCGACGACAGCGACTTCAAGTACAACCACAGCCGCTTCGGCATGATCAACGGCGTGCAGAACGGTTCG 
CGCTGGGGTCTGCGTGGTACGGAAGATCTGGGTGACGGCCTGCAAGCTGTGTTCCAACTGGAATCGGGCT 
TCAACTCGGGCAACGGTAACTCGGCCCAAGACGGCCGCCTGTTCGGTCGCCAAGCCACCATCGGTCTGCA 
AAGCGAAAGCTGGGGCCGTCTGGACTTCGGTCGCCAAACCAACATCGCCTCGAAGTACTTCGGCTCGATC 
GATCCGTTCGGCGCTGGCTTCGGTCAAGCCAACATCGGCATGGGCATGAGCGCGATGAACACCGTTCGCT 
ACGACAACATGGTCATGTACCAGACCCCGTCGTACAGCGGCTTCCAGTTCGGTATCGGCTACTCGTTCAG 
CGCGAACGACAAGGATGCTGACGCCGTCAACCGCGTTGGCTTCGCCACCGCCGACAACGTTCGTGCCATC 
ACGACCGGTCTGCGCTACGTGAACGGCCCGCTGAACGTCGCTCTGTCGTACGACCAGCTGAACGCCTCGA 
ACAACCAAGCCCAAGGCGAAGTTGACGCGACCCCGCGCAGCTACGGCCTCGGCGGTTCGTATGACTTCGA 
AGTCGTGAAGCTGGCTCTGGCCTACGCTCGCACGACCGACGGCTGGTTCGGTGGCCAAGGCTACCCGGTC 
GCCGTCACGCTGCCCTCGGGCGACAAGTTCGGCGGCTTCGGCGTGAACACCTTCGCTGACGGCTTCAAGG 
CCAACTCGTACATGGTCGGCCTGTCGGCCCCCATCGGCGGCGCCAGCAACGTGTTCGGTTCGTGGCAGAT 
GGTTGACCCCAAGCTGACCGGCGGCGACGAGAAGATGAACGTCTTCTCGCTGGGCTACACCTACGACCTG 
TCCAAGCGCACCAACCTGTACGCCTACGGTTCGTACGCCAAGAACTTCGCGTTCCTGGAAGATGCCAAGT 
CGACCGCTGTCGGCGTCGGTATCCGTCACCGCTTCTAA 

SEQ ID NO:108 polypeptide sequence of Orf54 

MKKTLLAAALLAGFAGAAQAETSVTLYGIIDTGIGYNDVDFKVKGANADDSDFKYNHSRF 
GMINGVQNGSRWGLRGTEDLGDGLQAVFQLESGFNSGNGNSAQDGRLFGRQATIGLQSES 
WGRLDFGRQTNIASKYFGSIDPFGAGFGQANIGMGMSAMNTVRYDNMVMYQTPSYSGFQF 
GIGYSFSANDKDADAVNRVGFATADNVRAITTGLRYVNGPLNVALSYDQLNASNNQAQGE 
VDATPRSYGLGGSYDFEVVKLALAYARTTDGWFGGQGYPVAVTLPSGDKFGGFGVNTFAD 
GFKANSYMVGLSAPIGGASNVFGSWQMVDPKLTGGDEKMNVFSLGYTYDLSKRTNLYAYG 
SYAKNFAFLEDAKSTAVGVGIRHRF 

SEQ ID NO:109 polynucleotide sequence of Orf55 

ATGAAAAAGACTCTGCTCGCTGCCGCCCTGCTCGCCGGTTTCGCCGGTGCCGCTCAGGCAGAAACGTCGG 
TCACCCTGTACGGTATCATCGACACGGGTATCGGCTACAACGATGTCGATTTCAAGGTGAAAGGCGCTAA 
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CGCCGACGGCAGCGACTTCAAGTACAACCACAGCCGCTTCGGCATGATCAACGGCGTGCAGAACGGTTCG 
CGCTGGGGTCTGCGTGGTACGGAAGATCTGGGTGACGGCCTGCAAGCTGTGTTCCAACTGGAATCGGGCT 
TCAGCTCGGCCAACGGTAACTCGGCCCAAGACGGTCGCCTGTTCGGTCGTCAAGCCACCATCGGTCTGCA 
AAGCGAAAGCTGGGGCCGTCTGGACTTCGGTCGCCAAACCAACATCGCCTCGAAGTACTTCGGCTCGATC 
GATCCGTTCGGCGCTGGCTTCGGTCAAGCCAACATCGGCATGGGCATGAGCGCGATGAACACCGTTCGCT 
ACGACAACATGGTCATGTACCAGACCCCGTCGTACAGCGGCTTCCAGTTCGGTATCGGCTACTCGTTCAG 
CGCGAACGACAAGGACGCTGACGCCGTCAACCGCGTTGGCTTCGCCACCGCCGACAACGTTCGTGCCATC 
ACGACCGGTCTGCGCTACGTGAACGGCCCGCTGAACGTCGCTCTGTCGTACGACCAGCTGAACGCCTCGA 
ACAACCAAGCCCAAGACGAAGTTGACGCCACCCCGCGCAGCTACGGCATCGGCGGTTCGTATGACTTCGA 
AGTCGTGAAGCTGGCTCTGGCCTACGCTCGCACGACCGACGGCTGGTTCGGTGGCCAAGGCTACCCGGTC 
GCTGTCACGCTGCCCTCGGGCGACAAGTTCGGCGGCTTCGGCGTGAACACCTTCGCTGACGGCTTCAAGG 
CCAACTCCTACCTGTTGGGCCTGTCGGCTCCGATCGGCGGCGCCAGCAACGTGTTCGGTTCGTGGCAGAT 
GGTTGACCCCAGCAACGACAAGCTGACCGGCGGCGACGAGAAGATGAACGTCTTCTCGCTGGGCTACACC 
TACGACCTGTCCAAGCGCACCAACCTGTACGCCTACGGTTCGTACGCCAAGAACTTCGCGTTCCTGGAAG 
ATGCCAAGTCGACCGCTGTCGGCGTCGGTATCCGTCACCGCTTCTAA 

SEQ ID NO:110 polypeptide sequence of Orf55 
MKKTLLAAALLAGFAGAAQAETSVTLYGIIDTGIGYNDVDFKVKGANADGSDFKYNHSRF 
GMINGVQNGSRWGLRGTEDLGDGLQAVFQLESGFSSANGNSAQDGRLFGRQATIGLQSES 
WGRLDFGRQTNIASKYFGSIDPFGAGFGQANIGMGMSAMNTVRYDNMVMYQTPSYSGFQF 
GIGYSFSANDKDADAVNRVGFATADNVRAITTGLRYVNGPLNVALSYDQLNASNNQAQDE 
VDATPRSYGIGGSYDFEVVKLALAYARTTDGWFGGQGYPVAVTLPSGDKFGGFGVNTFAD 
GFKANSYLLGLSAPIGGASNVFGSWQMVDPSNDKLTGGDEKMNVFSLGYTYDLSKRTNLY 
AYGSYAKNFAFLEDAKSTAVGVGIRHRF 

BPP0452 : Autotransporter 

>BPP0452 B.parapertussis np_882803 
>BPP0452_n 

B.pertussis homologous sequence : SEQID50 in VB60452 

BPP3135 : OmpA 

>BPP3135 B.parapertussis np_885310 
>BPP3135n 

>BP0943 B.pertussis 
>BP0943_n 

BPP3376 : Probable TonB-dependant receptor for 
iron transport 

>BPP3376 B.parapertussis np_885539 
>BPP3376_n 

154



WO 2005/032584 PCT/EP2004/011082 

B.pertussis homologous sequence : SEQID14 in VB60452 

BPP3392 : Outer membrane porin protein precursor 

>BPP3392 B.parapertussis np_885555 
>BPP3392_n 

>BP0840 B.pertussis 
>BP0840_n 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. An immunogenic composition comprising FHA and pertussis toxin and further 

comprising a polypeptide comprising 

a) an amino acid sequence which has at least 85% identity to the amino acid sequence of 

5 SEQ ID NO:34, over the entire length of SEQ ID NO:34, or 

b) an immunogenic fragment having at least 15 contiguous amino acids from SEQ ID 

NO:34, 

and a pharmaceutically acceptable excipient.  

2. The immunogenic composition as claimed in claim I in which the polypeptide comprises 

10 an amino acid sequence which has at least 95% identity to the amino acid sequence of SEQ 

ID NO:34, over the entire length of said sequence of SEQ ID NO:34, or an immunogenic 

fragment thereof, wherein the immunogenic fragment has at least 15 contiguous amino acids 

from SEQ ID NO:34.  

3. The immunogenic composition as claimed in claim 1 in which the polypeptide 

15 comprises the amino acid sequence of SEQ ID NO:34, or an immunogenic fragment 

thereof, wherein the immunogenic fragment has at least 15 contiguous amino acids from 

SEQ ID NO:34.  

4. The immunogenic composition of any one of claims I to 3 in which the polypeptide 

comprises an amino acid sequence which is an immunogenic fragment of the polypeptide of 

20 SEQ ID NO:34 in which said immunogenic fragment has at least 15 contiguous amino acids 

from SEQ ID NO:34 and is capable of raising an immune response which recognises the 

polypeptide of SEQ ID NO:34.  

5. The immunogenic composition as claimed in any one of claims 1 to 4 wherein said 

polypeptide is part of a larger fusion protein.  

25 6. An immunogenic composition comprising 

(i) a BrkA protein which is a polypeptide sharing at least 70% identity with SEQ ID 

NO:34 or comprising an antigenic fragment of at least 15 contiguous amino acids of SEQ ID 

NO:34; 
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(ii) FHA; 

(iii) pertussis toxin; 

and at least or exactly one different Bordetella antigen(s), wherein the antigen(s) is/are 

selected from at least one group(s) of proteins selected from the following: 

5 a) at least one Bordetella iron acquisition protein selected from the group consisting of a 

polypeptide sharing at least 70% identity with SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 

22, 24, 26, or 28, or comprising an antigenic fragment of at least 15 contiguous amino acids 

from SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26, or 28; 

b) at least one Bordetella lipoprotein selected from the group consisting of a polypeptide 

10 sharing at least 70% identity with SEQ ID NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 

80, 82, 84, 86, 88, 90, 92, 94, 96, or 98, or comprising an antigenic fragment of at least 15 

contiguous amino acids from SEQ ID NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 

84, 86, 88, 90, 92, 94, 96, or 98; 

c) at least one Bordetella adhesin selected from the group consisting of fimbriae 2 and/or 

15 3, or pertactin; and 

d) at least one Bordetella toxin/invasin or antigens involved in toxin/invasin secretion selected 

from the group consisting of adenylate cyclase, dermonecrotic toxin (Dnt), Type III ss or 

lipopolysaccharide.  

7. The immunogenic composition of claim 6 comprising one or more Bordetella iron 

20 acquisition protein selected from the group consisting of the polypeptides sharing at least 

70% identity with SEQ ID NO:2, 4, 6, 8, 10, 12, 14, 16, 18, 20, 22, 24, 26 or 28, or 

comprising an antigenic fragment of at least 15 contiguous amino acids from SEQ ID NO:2, 

4,6, 8, 10, 12, 14,16, 18, 20, 22, 24, 26 or 28.  

8. The immunogenic composition of claim 6 or claim 7 comprising a Bordetella lipoprotein 

25 selected from the group consisting of BipA, the polypeptide sharing at least 70% identity with 

SEQ ID NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96 or 

98, or comprising an antigenic fragment of at least 15 contiguous amino acids from SEQ ID 

NO:56, 58, 60, 62, 64, 66, 68, 70, 72, 74, 76, 78, 80, 82, 84, 86, 88, 90, 92, 94, 96 or 98.  

9. The immunogenic composition of claims 6-8 comprising a Bordetella adhesin selected 
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from the group consisting of fimbriae and pertactin.  

10. The immunogenic composition of claim 9 wherein the Bordetella adhesin is 

Fimbriae 2 and/or 3.  

11. The immunogenic composition of any one of claims 6 to 10 comprising a Bordetella 

5 toxin/invasin or antigens involved in toxin/invasin secretion selected from the group 

consisting of adenylate cyclase, dermonecrotic toxin (Dnt), Type III ss or lipopolysaccharide 

(LPS).  

12. The immunogenic composition of claim 11 wherein the Bordetella toxin/invasin or 

antigen involved in toxin/invasin secretion is LPS.  

10 13. The immunogenic composition of any one of claims 6 to 12 comprising a) FHA, b) 

pertussis toxin and c) adenylate cyclase.  

14. The immunogenic composition of any one of claims I to 13 for the prevention or 

treatment of Bordetella pertussis infection.  

15. The immunogenic composition of any one of claims I to 14 for the prevention or treatment 

15 of Bordetella parapertussis infection.  

16. The immunogenic composition of any one of claims I to 15 for the prevention or 

treatment of Bordetella bronchiseptica infection.  

17. The immunogenic composition of any one of claims I to 16 comprising a polypeptide 

that is expressed during the Bvg+ early phase of Bordetella infection.  

20 18. The immunogenic composition of any one of claims I to 17 comprising a polypeptide 

that is expressed during the Bvg+ late phase of Bordetella infection.  

19. The immunogenic composition of any one of claims I to 18 comprising a polypeptide that 

is expressed during the Bvgi phase of Bordetella infection.  

20. The immunogenic composition of any one of claims I to 19 comprising an antigen that is 

25 expressed during the Bvg- phase of Bordetella infection.  

21. The immunogenic composition of any one of claims I to 20, further comprising diphtheria 

toxoid and tetanus toxoid.  

22. The immunogenic composition of any one of claims I to 21 further comprising PRP 
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capsular oligosaccharide or polysaccharide from Haemophilus influenzae b.  

23. The immunogenic composition of any one of claim 1 to 22 further comprising hepatitis B 

surface antigen (HbsAg).  

24. The immunogenic composition of any one of claims 1 to 23 further comprising inactivated 

5 polio vaccine (IPV).  

25. The immunogenic composition of any one of claims 1 to 24 further comprising one or 

more of Men A, C, W or Y capsular polysaccharides or oligosaccharides.  

26. The immunogenic composition of any one of claims I to 25 further comprising a protein 

from N. meningitidis serogroup B.  

10 27. The immunogenic composition of any one of claims 1 to 26 further comprising one or 

more capsular polysaccharides or oligosaccharides from S. pneumoniae.  

28. The immunogenic composition of claims I to 27 further comprising killed attenuated 

Hepatitis A virus.  

29. A vaccine comprising the immunogenic composition of any one of claims I to 28.  

15 30. The vaccine of claim 29 comprising an adjuvant.  

31. Use of the immunogenic composition of any one of claims I to 28 in the preparation of a 

medicament for use in the treatment or prevention of Bordetella disease.  

32. The use of claim 31 in the preparation of a medicament for use in the treatment or 

prevention of both B. pertussis and B. parapertussis disease.  

20 
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