(12) STANDARD PATENT (11) Application No. AU 2004277342 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)
(44)
(71)
(72)

(74)

(56)

Title
Pertussis antigens and use thereof in vaccination

International Patent Classification(s)
A61K 39/10 (2006.01)

Application No: 2004277342 (22) Date of Filing:  2004.10.01
WIPO No: WO05/032584

Priority Data

Number (32) Date (33) Country
03231131 2003.10.02 GB
0323112.3 2003.10.02 GB
Publication Date: 2005.04.14

Accepted Journal Date: 2010.12.16

Applicant(s)
GlaxoSmithKline Biologicals s.a.

Inventor(s)
Denoel, Philippe;Castado, Cindy;Poolman, Jan;Godfroid, Fabrice

Agent / Attorney
Phillips Ormonde Fitzpatrick, 367 Collins Street, Melbourne, VIC, 3000

Related Art
R. C. Fernandez et al, Infection and Immunity
Nov 1994, Vol 62 No 11 ppd727 - 4738.




057032584 A3 | I I 0”000 OO O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

(43) International Publication Date

14 April 2005 (14.04.2005)

(10) International Publication Number

WO 2005/032584 A3

A61K 39/10

(51) International Patent Classification’:

(21) International Application Number:
PCT/EP2004/011082

(22) International Filing Date: 1 October 2004 (01.10.2004)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
0323113.1
0323112.3

2 October 2003 (02.10.2003)
2 October 2003 (02.10.2003)

GB
GB

(71) Applicant (for all designated States except US): GLAXO-
SMITHKLINE BIOLOGICALS S.A. [BE/BE]; Rue de
I'Institut 89, B-1330 Rixensart (BE).

(72) Inventors; and

(75) Inventors/Applicants (for US only): CASTADO, Cindy
[BE/BE]; GlaxoSmithKline Biologicals s.a., Rue de !'In-
stitut 89, B-1330 Rixensart (BE). DENOEL, Philippe
[BE/BE]; GlaxoSmithKline Biologicals s.a., Rue de
I'Institut 89, B-1330 Rixensart (BE). GODFROID, Fab-
rice [BE/BE]; GlaxoSmithKline Biologicals s.a., Rue
de IlInstitut 89, B-1330 Rixensart (BE). POOLMAN,
Jan [NL/BE]; GlaxoSmithKline Biologicals s.a., Rue de
I'Institut 89, B-1330 Rixensart (BE).

(74) Agent: LUBIENSKI, Michael, John; GlaxoSmithKline,
C.LP. (CN925.1), 980 Great West Road, Brentford Middle-
sex TWS 9GS (GB).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM,
ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report

(88) Date of publication of the international search report:
10 November 2005

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PERTUSSIS ANTIGENS AND USE THEREOF IN VACCINATION

& (57) Abstract: The invention provides BASB232 polypeptides and polynucleotides encoding BASB232 polypeptides and methods
for producing such polypeptides by recombinant techniques. Also provided are diagnostic, prophylactic and therapeutic uses. The
invention further provides immunogenic compositions comprising a plurality of antigens selected from at least two different cate-
gories of antigen, having different functions within Bordetella. Examples of such categories of antigen are autotransporter proteins,
iron acquisition proteins, lipoproteins, adhesins and toxins/invasins.
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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 immunogenic compositions and vaccines containing
single polypeptide or nucleotides or advantageous combinations thereof. In another aspect of
the invention, the invention relates to methods for using such polypeptides and
polynucleotides for the treatment or prevention of Bordetella 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 1s 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 Bordetella pertussis from the body (Cherry et al (1998) Vaccine 16; 1901,
Hewlett and Halperin (1998) Vaccine 16; 1899, Storsaeter et al (1998) Vaccine 16;
1907). The defence mechanisms of Bordetella pertussis allow 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

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
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
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,
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
an antigenic fragment of at least 15 contiguous amino acids of SEQ ID NO:34; (ii) FHA; (ii1)
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,
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
3
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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
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 II 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

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
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.

3a
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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 preimmunised with DTPw or DTPa from several
sources. Results are expressed as number of CFU isolated from the lung at different

time points after challenge.

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

. Panel A shows active protection against B. parapertussis following immunization of
mice with DTPw vaccine.
Panel B shows passive protection against-B. parapertussis by antisera raised against

DTPw.

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

molecular weight standards as reference points.

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

prestained molecular weight standards as reference points.

DESCRIPTION OF THE INVENTION
The invention relates to BASB232 polypeptides and polynucleotides as described 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 immunogenic

compositions.

The invention relates especially to BASB232 polynucleotides and encoded polypeptides

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

Table 1
Name | Length | Length | SEQ | SEQ
(nT) (aa) D D Description
nucl. | prot.
Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%)
Orfl 2211 737 1 2 Ferric enterobactin receptor (BfeA), Bordetella
pertussis (95%)
Orf2 2475 812 3 4 Probable hydroxamate-type ferrisiderophore receptor
(BftB), Pseudomonas aeruginosa (40%)
Orf3 2403 729 5 6 Putative hydroxamate-type ferrisiderophore receptor
signal peptide protein (BfrC), Pseudomonas
solanacearum (38%)
Orf4 2304 734 7 8 Putative ferric siderophore receptor (FauA), Bordetella
bronchiseptica (97%)
Orf5 2187 825 9 10 Unidentified ferric siderophore receptor, Bordetella
bronchiseptica (94%)
Orf6 2064 801 11 12 Ferric alcaligin siderophore receptor, Bordetella
pertussis (100%)
Orf7 2229 743 13 14 Hydroxamate-type ferrisidero-phore receptor (iron
transport protein fiu), Pseudomonas aeruginosa (37%)
Orf8 2268 756 15 16 Hydroxamate-type ferrisidero-phore receptor (iron
transport protein fiu), Pseudomonas aeruginosa (41%)
Orf9 2106 702 17 18 Putative hydroxamate-type ferrisiderophore receptor
signal peptide protein, Pseudomonas solanacearum
(40%)
Orfl10 2610 870 19 20 BhuR, outer membrane heme receptor, Bordetella
pertussis (100%)
Orfil 2280 760 21 22 Probable tonb-dependent receptor, Pseudomonas
aeruginosa (34%)
Orfl2 1887 629 23 24 Probable tonb-dependent receptor, Pseudomonas
aeruginosa (34%)
Orfl3 1731 571 25 26 Ferrisiderophore receptor-like protein, Pseudomonas
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sp (57%)
Orfl4 1434 478 27 28 Probable tonB-dependant receptor Yncd precursor,
Escherichia coli (56%)
Orfl5 2730 910 29 30 Pertactin outer membrane protein, Bordetella pertussis
(100%)
Orfl6 2748 915 31 32 Vag8 protein, Bordetella pertussis (96%)
Orfl7 3033 1010 33 34 BrkA, Bordetella pertussis (81%)
Orf18 1944 647 35 36 Tcf protein, Bordetella pertussis (714%)
Orfl9 1245 418 37 38 Phg protein, Bordetella pertussis (81%)
Orf20 2712 903 39 40 BapA protein, Bordetella pertussis (85%)
Orf21 1446 482 41 42 BapB protein, Bordetella pertussis (87%)
Orf22 2277 759 43 44 Putative autotransporter BapC, Bordetella pertussis
(86%)
Orf23 1545 515 45 46 Pertactin-like protein, Bordetella pertussis (47%)
Orf24 1191 397 47 48 Tcf-like protein, Bordetella pertussis (56%)
Orf25 6903 2300 49 50 | Extracellular serine protease, Brucella melitensis (25%)
Orf26 2622 873 51 52 Autotransporter protein, Agrobacterium tumefaciens
(43%)
Orf27 3120 1039 53 54 Autotransporter subtilisin-like protease (SphB1),
Bordetella pertussis (93%)
Orf28 2241 747 55 56 Heme/hemopexin utilization protein ¢ precursor,
Haemophilus influenzae (48%)
Orf29 1575 525 57 58 Lipoprotein (piln protein), Escherichia coli (22%)
Orf30 1509 503 59 60 | Immunogenic protein, Deinococcus radiodurans (35%)
Orf31 1491 497 61 62 Probable outer membrane lipoprotein precursor,
Pseudomonas aeruginosa (48%)
Orf32 1491 497 63 64 Probable outer membrane efflux protein precursor,
Pseudomonas aeruginosa (43%)
Orf33 1380 460 65 66 Oprm, Pseudomonas aeruginosa (45%)
Orf34 1347 449 67 68 Probable outer membrane channel signal peptide
protein, Ralstonia solanacearum (40%)
Orf35 1287 429 69 70 Putative membrane-bound lytic murein
transglycosylase a transmembrane protein (MItA),
Ralstonia solanacearum (42%)
Orf36 1143 381 71 72 Putative membrane-bound lytic murein
transglycosylase b protein (MItB), Ralstonia
solanacearum (40%)
Orf37 1095 365 73 74 Putative polysaccharide export protein yccz precursor,
Escherichia coli (34%)
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Orf38 897 299 75 76 Putative serine protease transmembrane protein,
Ralstonia solanacearum (55%)

Orf39 852 284 77 78 | Hypothetical protein pad632, Pseudomonas aeruginosa

(52%)
Orf40 846 282 79 80 | Competence lipoprotein coml precursor, Neisseria
meningitidis (45%)

Orf4l 813 271 81 82 Probable lipoprotein precursor (vacj) transmembrane,
Ralstonia solanacearum (43%)

Orf42 801 267 83 84 Putative outer membrane lipoprotein, Salmonella

typhimurium (24%)

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

Orfd4 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 (OmlA),
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 Bordetella parapertussis (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 porin protein precursor Bordetella
pertussis (100%)

Orf55 1164 388 109 110 Outer membrane porin protein precursor Bordetella

parapertussis (100%) BPP3392

The percentage shown in table 1 are the identity percentage shared by each sequence of the

BASB232 polypeptides and their homologous polypeptides found in B.pertussis or in other

organisms (by a BLAST homology search).
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It is understood that sequences recited in the Sequence Listing below as “DNA” represent
an exemplification of one embodiment of the invention, since those of ordinary skill will
recognize that such sequences can be usefully employed in polynucleotides in general,
including ribopolynucleotides.

The sequences of the BASB232 polynucleotides are set out in SEQ ID NO: 33, 1, 3, 5, 7,
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
IDNO:33,1,3,5,7,9,11, 13,15, 17, 19, 21, 23, 25,27, 29, 31, 35, 37, 39, 41, 43, 45,

47, 49, 51, 53, 55, 57, 59, 61, 63, 65, 67,69, 71, 73,75, 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 outin SEQID 1, 3, 5, 7,9, 11, 13, 15, 17, 19, 21, 23, 25,
27 and 105 belong to the iron transporter protein family.

The BASB232 polynucleotides set out in SEQ ID 33, 29, 31, 35, 37, 39, 41, 43, 45, 47, 49,
51, 53 and 99 belong to the autotransporter proteins 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.
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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) anisolated 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
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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-terminal amino acid sequence.
Degradation forms of the polypeptides of the invention produced by or in a host cell, are
also preferred. Further preferred are 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-forming regions, substrate binding region, and

high antigenic index regions.

10
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Further preferred fragments include an isolated polypeptide comprising an amino acid

sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids from the amino

acid sequence selected from SEQ Group 2 or an isolated polypeptide comprising an amino

acid sequence having at least 15, 20, 30, 40, 50 or 100 contiguous amino acids truncated

or deleted from the amino acid sequence selected from SEQ Group 2 .

The BASB232 polypeptides set out in SEQ ID 30, 32, 34, 36, 38, 40, 42, 44, 46, 48, 50, 52,

53 and 54 belong to an autotransporter proteins family. In this 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

11
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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 intermediates 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 immunogenic fragments, of the invention may be in the form of the
“mature” protein or may be a part of a larger protein such as a precursor or a fusion
protein. It is often advantageous to include an additional amino acid sequence which
contains secretory or leader sequences, pro-sequences, sequences which aid in
purification such as multiple histidine residues, or an additional sequence for stability
during recombinant production. Furthermore, addition of exogenous polypeptide or
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 reco gnised 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 lyt4 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 Group]
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 LABORATORY MANUAL, 2nd Ed.; Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1989). (see in particular Screening By
Hybridization 1.90 and Sequencing Denatured Double-Stranded DNA Templates 13.70).
Direct genomic DNA sequencing may also be performed to obtain a full length gene
sequence. Illustrative of the invention, each polynucleotide set out in SEQ Group 1 was

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

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

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

The polynucleotides of SEQ Group 1, between the start codon and the stop codon, encode
respectively the polypeptides of SEQ Group 2. The nucleotide number of start codon and
first nucleotide of the stop codon are listed in table 3 for each polynucleotide of SEQ Group
1.

Table 3

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

Name Start codon | 1* nucleotide of stop codon
Orfl 1 2212
Orf2 1 2476
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Orf3 1 2404
Orf4 1 2305
Orf5 1 2188
Orf6 1 2065
Orf7 1 2230
Orf8 1 2269
Orf9 1 2107
Orfl0 1 2611
Orfll 1 2281
Orfl12 1 1888
Orf13 1 1732
Orfl4 1 1435
Orfl5 1 2731
Orfl6 1 2746
Orf17 1 3031
Orfl18 1 1942
Orf19 1 1255
Orf20 1 2710
Orf21 1 1447
Orf22 1 2278
Orf23 1 1546
Orf24 1 1192
Orf25 1 6901
Orf26 1 2620
Orf27 1 3118
Orf28 1 2242
Orf29 1 1576
Orf30 1 1510
Orf31 1 1492
Orf32 1 1492
Orf33 1 1381
Orf34 1 1348
Orf35 1 1288
Orf36 1 1144
Orf37 1 1096
Orf38 1 898
Orf39 1 853
Orf40 1 847
Orf41 1 814
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Orf42 1 802
Orfa3 1 691
Orf44 1 679
Orf45 1 559
Orf46 1 553
Orf47 1 547
Orf48 1 502
Orf49 1 457
Orfs0 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) apolynucleotide 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) apolynucleotide 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 — 65°C 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 inventjon 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 ef al., Proc. Natl. Acad. Sci., USA 86: 821-824 (1989), or an HA peptide
tag (Wilson ez 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
SEQID 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 2619
SEQ ID NO:53 SEQ ID NO:54 3117
SEQ ID NO:55 SEQ ID NO:56 2241
SEQ ID NO:57 SEQ ID NO:58 1575
SEQ ID NO:59 SEQ ID NO:60 1509
SEQ ID NO:61 SEQ ID NO:62 1491
SEQ ID NO:63 SEQ ID NO:64 1491
SEQ ID NO:65 SEQ ID NO:66 1380
SEQ ID NO:67 SEQ ID NO:68 1347
SEQ ID NO:69 SEQ ID NO:70 1287
SEQ ID NO:71 SEQ ID NO:72 1143
SEQ ID NO:73 SEQ ID NO:74 1095
SEQ ID NO:75 SEQ ID NO:76 897
SEQ ID NO:77 SEQ ID NO:78 852
SEQ ID NO:79 SEQ ID NO:80 846
SEQ ID NO:81 SEQ ID NO:82 813
SEQ ID NO:83 SEQ ID NO:84 801
SEQ ID NO:85 SEQ ID NO:86 690
SEQ ID NO:87 SEQ ID NO:88 678
SEQ ID NO:89 SEQ ID NO:90 558
SEQ ID NO:91 SEQ ID NO:92 552
SEQ ID NO:93 SEQ ID NO:94 546
SEQ ID NO:95 SEQ ID NO:96 501
SEQ ID NO:97 SEQ ID NO:98 456
SEQ ID NO: 99 SEQ ID NO: 100 5307
SEQID NO: 101 | SEQ ID NO:102 579
SEQID NO: 103 | SEQ ID NO: 104 579
SEQID NO: 105 | SEQID NO: 106 2229
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SEQ ID NO: 107 | SEQ ID NO: 108 1 1155
SEQIDNO: 109 | SEQIDNO: 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. Dpertussis 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 10,1t0 5, 1to0 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 0.1x 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
Jeast 30 nucleotide residues or base paits 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 paits.

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 Marathon™
technology (Clontech Laboratories Inc.) for example, have significantly simplified the
search for longer cDNAs. In the Marathon™ technology, cDNAs have been prepared
from mRNA extracted from a chosen tissue and an 'adaptor' sequence ligated onto each
end. Nucleic acid amplification (PCR) is then carried out to amplify the "missing" 5' end
of the DNA using a combination of gene specific and adaptor specific oligonucleotide
primers. The PCR reaction is then repeated using "nested" primers, that is, primers
designed to anneal within the amplified product (typically an adaptor specific primer that
anneals further 3' in the adaptor sequence and a gene specific primer that anneals further 5'
in the selected gene sequence). The products of this reaction can then be analyzed by
DNA sequencing and a full-length DNA constructed either by joining the product directly
to the existing DNA to give a complete sequence, or carrying out a separate full-length

PCR using the new sequence information for the design of the 5' primer.

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 halflife 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., J Biol Chem.
(1989) 264: 16985), coprecipitation of DNA with calcium phosphate (Benvenisty &
Reshef, PNAS US4, (1986) 83: 9551), encapsulation of DNA in various forms of
liposomes (Kaneda 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).

Yectors, 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 METHODS IN MOLECULAR BIOLOGY, (1986) and Sambrook, ez al.,
MOLECULAR CLONING: A LABORATORY MANUAL, 2nd Ed., Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, N.Y. (1989), such as, calcium phosphate
transfection, DEAE-dextran mediated transfection, transvection, microinjection, cationic
lipid-mediated transfection, electroporation, conjugation, transduction, scrape loading,

ballistic introduction and infection.

Representative examples of appropriate hosts include bacterial cells, such as cells of
streptococci, staphylococei, enterococci, E. coli, streptomyces, cyanobacteria, Bacillus
subtilis, Neisseria meningitidis, 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, HelLa, 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 ez al., MOLECULAR CLONING, 4 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 antigens 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 Bordetella
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 immune
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) atleast 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) atleast 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 Il 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, fimbriae 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 immunogenic composition of
the invention. Where an antigen falls into two groups, the inclusion of that one antigen
into an immunogenic 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 mammalian 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: B-galactosidase, glutathione-S-transferase, green fluorescent proteins
(GFP), epitope tags such as FLAG, myc 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), TefA (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 may be 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. fron 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 fiu (SEQ ID 14,
SEQ ID 106), iron tranport protein fiu (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), MItB (SEQ ID 72), ycez precursor (SEQ ID 74), serine protease
transmembrane protein (SEQ ID 76), pa4632 (SEQ ID 78), coml 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)~*{1, 40}~(D, E, R, K,¥)6(L, L, V, M, F, W, S, T, A, G2(L, , 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 fimbriae 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 Immun 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 Il 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 fim 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 IIl ss, BhuR, FHA, Fim, pertactin, BrkA, MItA, MItB, Vac] , OmlA and
Pcp. Preferred combinations comprise TcfA and pertussis toxin, (optionally with 1, 2, 3,
4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MItA, MitB, Vac] , 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, MItA, MitB, VacJ, OmlA and Pcp); TcfA and LPS (optionally with 1,
2,3,40r 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA and
Pep); TefA and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, Type Illss, BhuR, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA
and Pep); TefA and Type IIss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA,
BhuR , FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA 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, MItB, Vac], OmlA, PCP); TcfA and FHA
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA,
pertactin, BhuR, Type Illss, MItA, MitB, VacJ], OmlA, Pep); TcfA and a lipoprotein
selected from MItA, MItB, Vac], 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 IIl ss, BhuR, FHA, Fim, pertactin, BrkA, MItA, 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, MItA, MItB, VacJ, OmlA and Pcp),
BipA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BhuR, FHA, pertactin,
Fim, BrkA, MItA, MItB, VacJ, OmlA and Pcp); BipA and LPS (optionally with 1, 2, 3,
4 or 5 of BhuR, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA and Pcp); BipA
and Type IlIss (optionally with 1, 2, 3,4 or 5 of BhuR , FHA, Fim, pertactin, BrkA,
pertussis toxin, MItA, MItB, VacJ, OmlA and Pcp); BipA and BhuR (optionally with 1,
2,3,40r 5 of pertussis toxin, adenylate cyclase, LPS, Type Illss, FHA, Fim, pertactin,
BrkA, MltA, MItB, VacJ, OmlA and PCP); BipA and FHA (optionally with 1, 2, 3, 4 or
5 of pertussis toxin, adenylate cyclase, LPS, pertactin, BhuR, Type Illss, MItA, MItB,
Vac], OmlA and PCP); BipA and a lipoprotein selected from MItA, MItB, Vac], OmlA
and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS,
BhuR, Type llIss, 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, MitB, Vacl,
OmlA 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, MIB, Vacl,
OmlA and Pcp); BapA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MItA, MItB, 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 Illss, BhuR, FHA, Fim, pertactin,
BrkA, MitA, MItB, VacJ, OmlA and Pcp); BapA and Type Ilss (optionally with 1, 2,
3,4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR , FHA, Fim, pertactin,
BrkA, MItA, MItB, VacJ, OmlA and Pcp); BapA and BhuR (optionally with 1, 2, 3, 4
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin,
BrkA, MItA, MItB, 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
IIss, MItA, MltB, VacJ, OmlA and Pcp); BapA and a lipoprotein selected from MItA,
MItB, Vac], OmlA and Pcp (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, BipA, Fim, pertactin, BrkA, BhuR, Type IlIss 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, MItA, MltB, Vac] R
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, MItA, MItB, VaclJ,
OmlA and Pcp); BapB and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, Fim, pertactin, BtkA, MItA, MItB, VacJ, OmlA and Pcp); BapB and LPS
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MItA,
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MItB, VacJ, OmlA and Pcp); BapB and BipA (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, adenylate cyclase, LPS, Type Illss, BhuR, FHA, Fim, pertactin, BrkA,
MItA, MItB, VacJ, OmlA and Pcp); BapB and Type IlIss (optionally with 1, 2, 3, 4 or 5
of pertussis toxin, BipA, BhuR , FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA
and Pcp); BapB and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA
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 Illss, MItA, MItB, VacJ, OmlA
and Pcp); BapB and a lipoprotein selected from MItA, MItB, VacJ, OmlA and Pcp
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR,
Type Illss, 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, MItA, MitB, 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, MItB, VacJ,
OmlA and Pcp); BapC and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, Fim, pertactin, BrkA, MItA, MItB, VacJ, OmlA and Pcp); BapC and LPS
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, MItA,
MItB, VacJ, OmlA and Pcp); BapC and BipA (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, adenylate cyclase, LPS, Type Illss, BhuR, FHA, Fim, pertactin, BrkA,
MItA, MltB, Vac], OmlA and Pcp); BapC and Type IlIss (optionally with 1, 2, 3, 4 or 5
of pertussis toxin, BipA, BhuR , FHA, Fim, pertactin, BrkA, MltA, MltB, VacJ, OmlA
and Pcp); 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, MItB, Vac], OmlA
and Pcp); BapC and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, BipA, BhuR, Type Illss, pertactin, MItA, MltB, Vac], OmlA and Pcp);
BapC and a lipoprotein selected from MItA, MItB, Vac], OmlA and PCP (optionally
with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Illss,
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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, MlItB, Vac], OmlA and
PCP. Preferred combinations comprise pertactin and pertussis toxin, (optionally with 1,
2,3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, MItA, MltB, Vac], OmlA and Pcp);
pertactin and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA,
Fim, BrkA, MItA, MItB, VacJ, OmlA and Pcp), pertactin and LPS (optionally with 1, 2,
3, 4 or 5 of BipA, BhuR, FHA, Fim, BrkA, MItA, MltB, VacJ, OmlA and Pcp);
pertactin and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase,
LPS, Type IIss, BhuR, FHA, Fim, BrkA, MItA, MitB, VacJ, OmlA and Pcp); pertactin
and Type IIss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA,
Fim, BrkA, MItA, MitB, VacJ, OmlA and Pcp); pertactin and BhuR (optionally with 1,
2,3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IllIss, FHA, Fim,
BrkA, MItA, M1iB, Vac], OmlA and Pcp); pertactin and FHA ( optionally with 1, 2, 3,
4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Illss, MItA, MltB,
Vac], OmlA and Pcp), pertactin and a lipoprotein selected from MItA, MItB, Vacl,
OmlA and PCP (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase,
LPS, BipA, BhuR, Type Ilss, 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 Il ss, BhuR, FHA, pertactin, Fim, BrkA,
MItA, MItB, VacJ, OmlA and Pcp. Preferred combinations comprise pertactin-like
protein and pertussis toxin, (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA,
pertactin, Fim, BrkA, MItA, MItB, VacJ], OmlA and Pcp); pertactin-like protein and
adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim,
BrkA, MItA, MItB. 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, MI{B, VacJ,
OmlA and PCP); pertactin-like protein and BipA (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, adenylate cyclase, LPS, Type IIlss, BhuR, FHA, pertactin, Fim, BrkA,
MItA, MltB, Vac), OmlA and Pcp); pertactin-like protein and Type Illss (optionally
with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA, pertactin, Fim, BrkA, MItA,
MItB, VacJ, OmlA and Pcp); pertactin-like protein and BhuR (optionally with 1, 2, 3, 4
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type lIss, FHA, pertactin, Fim,
BrkA, MItA, MItB, Vac], OmlA, Pcp); 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 Illss, MItA, MItB, VacJ, OmlA, Pcp); pertactin-like protein and a
lipoprotein selected from MItA, MitB, VacJ, OmlA and Pcp (optionally with 1, 2, 3, 4
or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type Iilss, 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 III ss, BhuR, FHA, pertactin, Fim, BrkA, MItA, MItB, VacJ,
OmlA, Pcp. Preferred combinations comprise YapE and pertussis toxin, (optionally
with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, BrkA, MItA, MItB, VacJ,
OmlA, Pcp); YapE and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, pertactin, Fim, BrkA, MItA, MitB, VacJ, OmlA, Pcp); YapE and LPS
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim, BrkA, MItA,
MItB, VacJ, OmlA, Pcp); YapE and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis
toxin, adenylate cyclase, LPS, Type Illss, BhuR, FHA, pertactin, Fim, BrkA, MItA,
MItB, Vac], OmlA, Pcp); YapE and Type Illss (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, BipA, BhuR , FHA, pertactin, Fim, BrkA, MItA, MltB, Vac], OmlA,
Pcp); YapE and BhuR (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, BipA, Type Illss, FHA, pertactin, Fim, BrkA, MItA, MitB, VacJ, OmlA,
Pcp); YapE and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate
cyclase, LPS, BipA, BhuR, Type IlIss, pertactin, MItA, MItB, VacJ, OmlA, Pcp); YapE
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and a lipoprotein selected from MItA, MitB, Vac], OmlA, Pcp (optionally with 1, 2, 3,
4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR, Type IlIss, 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, MItA, MItB, Vac], OmlA,
Pcp. Preferred combinations comprise BrkA and pertussis toxin, (optionally with 1, 2, 3,
4 or 5 of BipA, BhuR, FHA, pertactin, Fim, MItA, MItB, VacJ, OmlA, Pcp); BrkA and
adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, pertactin, Fim,
MItA, MItB, VacJ, OmlA, Pcp); BrkA and LPS (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, pertactin, Fim, MItA, MitB, VacJ, OmlA and Pcp); BrkA and BipA.
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, Type Ilss,
BhuR, FHA, pertactin, Fim, MItA, MitB, VacJ, OmlA, Pcp), BrkA and Type Ilss
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR , FHA, pertactin, Fim,
MItA, MItB, Vac], OmlA, Pcp); BrkA and BhuR (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, pertactin, Fim, MItA,
MItB, Vacl, OmlA, Pcp); BrkA and FHA (optionally with 1, 2, 3, 4 or 5 of pertussis
toxin, adenylate cyclase, LPS, BipA, BhuR, Type Illss, pertactin, MItA, MItB, Vacl,
OmlA, Pcp); BrkA and a lipoprotein selectd from MItA, MltB, VacJ, OmlA and Pcp
(optionally with 1,2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, BhuR,
Type Wlss, 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, MItA, MItB, Vac], OmIA
and Pcp. Preferred combinations comprise FHA and pertussis toxin, (optionally with 1,
2,3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim , MItA, MItB, VacJ, OmlA and Pcp);
FHA and adenylate cyclase (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, BrkA,
pertactin, Fim , MItA, MltB, VacJ, OmlA and Pcp); FHA and LPS (optionally with 1,
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2,3, 4 or 5 of BipA, BhuR, BrkA, pertactin, Fim , MItA, MltB, VacJ, OmlA and Pcp);
FHA and BipA (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase,
LPS, Type IlIss, BhuR, BrkA, pertactin, Fim , MltA, MItB, VacJ, OmlA and Pcp); FHA
and Type [lss (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, BipA, BhuR, BrkA,
pertactin, Fim, MItA, MItB, VacJ, OmlA and Pcp); FHA and BhuR (optionally with 1,
2,3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type IlIss, BrkA,
pertactin, Fim , MltA, MItB, VacJ, OmlA and Pcp); FHA and a lipoprotein selected
from MItA, MlItB, VacJ, OmlA and Pcp (optionally with 1,2, 3, 4 or 5 of pertussis
toxin, adenylate cyclase, LPS, BipA, BhuR, Type Illss, 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 Il ss, FHA, Fim , MItA, MltB, VacJ, OmlA 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, MlItA, MitB, Vac], 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 , MItA, MItB, VacJ, OmlA 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 , MItA,
MItB, VacJ, OmlA and Pcp); BhuR and TcfA (optionally with 1, 2, 3,4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type Ilss, FHA, Fim, pertactin, BrkA ,
MItA, MlItB, VacJ, OmlA and Pcp); BhuR and BapA (optionally with 1, 2, 3,4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin, BrkA ,
MItA, MIiB, VacJ, OmlA and Pcp); BhuR and BapB (optionally with 1, 2, 3,4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type IlIss, FHA, Fim, pertactin, BrkA ,
MItA, MitB, Vac], OmlA and Pcp); BhuR and BapC (optionally with 1, 2, 3,4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin, BrkA ,
MItA, MitB, Vac], 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 IlIss, FHA, Fim, pertactin, BrkA
» MItA, MltB, VacJ, OmlA and Pcp); BhuR and pertactin-like protein (optionally with
1,2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim,
pertactin, BrkA , MItA, MitB, VacJ, OmlA and Pcp); BhuR and YapE (optionally with
1,2,3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim,
pertactin, BrkA , MItA, MItB, Vac], OmlA and Pcp); BhuR and BrkA (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 Pcp); BhuR and a lipoprotein selected
from MItA, MItB, Vac], OmlA 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 IlIss, Fim and FHA).

A further preferred immunogenic composition of the invention contains MItA 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 MItA, and
pertussis toxin (optionally with 1, 2, 3, 4 or 5 of TcfA, BapA, BapB, BapC, pertactin,
pertactin-like protein, YapE, BtkA, BipA, FHA, Fim and BhuR); MItA 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); MItA
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); MItA
and TcfA (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 BapA (optionally
with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type Illss, FHA,
Fim, pertactin, BrkA and BhuR); MItA and BapB (optionally with 1, 2, 3, 4 or 5 of
pertussis toxin, adenylate cyclase, LPS, BipA, Type IlIss, FHA, Fim, pertactin, BrkA
and BhuR); MItA and BapC (optionally with 1, 2, 3, 4 or 5 of pertussis toxin,
adenylate cyclase, LPS, BipA, Type Illss, FHA, Fim, pertactin, BrkA and BhuR); MItA
and pertactin (optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS,
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BipA, Type Illss, FHA, Fim, BrkA and BhuR); MItA and pertactin-like protein
(optionally with 1, 2, 3, 4 or 5 of pertussis toxin, adenylate cyclase, LPS, BipA, Type
IlIss, 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 Illss, 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 lllss, 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 Illss, 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, MitB,
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,
MitB, VacJ, OmlA and Pcp); pertussis toxin and BapA (optionally with 1, 2, 3, 4 or 5 of
BipA, BhuR, FHA, Fim, pertactin, BrkA , MItA, MitB, VacJ, OmlA and Pcp); pertussis
toxin and BapB (optionally with 1, 2, 3,4 or 5 of BipA, BhuR, FHA, Fim, pertactin,
BrkA , MItA, MItB, Vac], OmlA and Pcp); pertussis toxin and BapC (optionally with
1,2,3,4 0or5of BipA, BhuR, FHA, Fim, pertactin, BrkA , MItA, MItB, VacJ, OmlA
and Pcp); pertussis toxin and pertactin (optionally with 1, 2, 3, 4 or S of BipA, BhuR,
FHA, Fim, BrkA , MItA, MItB, VacJ, OmlA and Pcp); pertussis toxin and pertactin-
like protein (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA
» MItA, MItB, VacJ, OmlA and Pcp); pertussis toxin and YapE (optionally with 1, 2, 3,
4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA , MItA, MItB, VacJ, OmlA and
Pcp); pertussis toxin and BrkA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA,
Fim, pertactin , MItA, MltB, VacJ, OmlA and Pcp); pertussis toxin and BhuR
(optionally with 1, 2, 3, 4 or 5 of TofA, BapA, BapB, BapC, pertactin, pertactin-like
protein, YapE, BrkA, BipA, FHA, Fim , MItA, MltB, VacJ, OmlA and Pcp); pertussis
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toxin and MItA, MItB (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 , MItA, MitB, Vac], OmlA and Pcp. 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, MitB, VacJ, OmlA and Pcp); adenylate cyclase
and BapA (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA,
pertussis toxin , MItA, MltB, VacJ, OmlA and Pcp); adenylate cyclase and BapB
(optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis
toxin, MItA, MItB, Vac], OmlA and Pcp); adenylate cyclase and BapC (optionally
with 1, 2, 3,4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MItA,
MitB, VacJ, OmlA and Pcp); adenylate cyclase and pertactin (optionally with 1, 2, 3, 4
or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin , MItA, MItB, VacJ, OmlA
and Pcp); adenylate cyclase and pertactin-like protein (optionally with 1, 2, 3, 4 or 5 of
BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin , MItA, MitB, VacJ], OmlA
and Pcp); adenylate cyclase and YapE (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR,
FHA, Fim, pertactin, BrkA, pertussis toxin , MItA, MItB, VacJ, OmlA and Pcp);
adenylate cyclase and BrkA (optionally with 1, 2, 3,4 or 5 of BipA, BhuR, FHA, Fim,
pertactin, pertussis toxin , MItA, MltB, VacJ, OmlA and Pcp), 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 , MItA, MItB, VacJ, OmlA
and Pcp); adenylate cyclase and MItA, MitB (optionally with 1, 2, 3, 4 or 5 of TcfA,
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 R
MItA, MItB, Vac], OmlA 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], OmlA and Pcp); LPS and BapA (optionally with 1, 2, 3, 4 or
5of BipA, BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MItA, MItB, Vac],
OmlA and Pcp); LPS and BapB (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA,
Fim, pertactin, BrkA, pertussis toxin , MItA, MItB, VacJ, OmlA and Pcp); LPS and
BapC (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin, BrkA,
pertussis toxin, MItA, MItB, VacJ, OmlA and Pcp); LPS and pertactin (optionally with
1,2,3,40r50f BipA, BhuR, FHA, Fim, BrkA, pertussis toxin , MItA, MItB, Vac] R
OmlA and Pep); LPS and pertactin-like protein (optionally with 1, 2, 3, 4 or 5 of BipA,
BhuR, FHA, Fim, pertactin, BrkA, pertussis toxin, MItA, MItB, VacJ, OmlA and Pcp);
LPS and YapE (optionally with 1, 2, 3, 4 or 5 of BipA, BhuR, FHA, Fim, pertactin,
BrkA, pertussis toxin , MItA, MItB, VacJ, OmlA and Pcp); LPS and BrkA (optionally
with 1, 2, 3,4 or 5 of BipA, BhuR, FHA, Fim, pertactin, pertussis toxin , MItA, MItB,
Vac], 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, MItA, MitB, VacJ, OmlA and Pcp); LPS and MItA (optionally with 1, 2, 3, 4 or
5of 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 Il ss, MItA,
MItB, VacJ, OmlA and Pcp. A preferred combinations contains FHA, pertactin, pertussis
toxin and BhuR. A further preferred combination contains FHA, pertactin, pertussis toxin ,
and MItA. A further preferred combination contains FHA, pertactin, pertussis toxin, and
MItB. A further preferred combination contains FHA, pertactin, pertussis toxin and VacJ.
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A further preferred combination contains FHA, pertactin, pertussis toxin and OmlA. A
further preferred combination contains FHA, pertactin, pertussis toxin and Pcp. A further
preferred combination contains FHA, pertactin, pertussis toxin, a lipoprotein (preferably

MItA, MitB, Vac], OmlA 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 MItB 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
Bvgt early, Bvg+ late, Bvg- and Bvgi, for example, Bvg+ early and Bvg+late; Bvg+
early and Bvg-; Bvg+ early and Bvgi: Bvgtlate and Bvg-; Bvg+ late and Bvgi; Bvg- and
Bvgi; Bvg+ early and BvgHlate and Bvg-; Bvg+ early and Bvg+late and Bvgi; Bvgt+
early and Bvg- and Bvgi; Bvgt 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 Tecf (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, SphB1, Type I SS, BipA and LPS).

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

A preferred immunogenic compositions comprises FHA, PT and Type IIL 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 IIL 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 defined 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

55



WO 2005/032584 PCT/EP2004/011082

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., US4, 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 ef 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
BASB232 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 ef al., Immunology Today 4: 72 (1983); Cole et al., pg. 77-96 in MONOCLONAL
ANTIBODIES AND CANCER THERAPY, 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 ez 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 form 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., ] 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 mRINA 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 AS ANTISENSE 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 [gG, 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.

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
mammalian, extracellular matrix proteins on in-dwelling devices or to extracellular matrix
proteins in wounds; to block bacterial adhesion between eukaryotic, preferably
mammalian, extracellular matrix proteins and bacterial 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 ﬂﬂmotopes may be identified using antibodies which are capable
themselves of binding to the polypeptides of the present invention using techniques such
as phage display technology (EP 0 552 267 B1). This technique, generates a large number
of peptide sequences which mimic the structure of the native peptides and are, therefore,
capable of binding to anti-native peptide 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 Haemophilus 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 imnmumne 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. trachomatis and C. psittaci. A non-
exhaustive list of bacterial pathogens reported to produce blebs also includes: Bordetella
pertussis, Borrelia burgdorferi, Brucella melitensis, Brucella ovis, Esherichia coli,

Haemophilus influenzae, Legionella pneumophila, 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, p110, Ist, hpuAB from N.
meningitidis or N. gonorroheae; ompCD, copB, 1bpB, ompE, UspAl; UspA2; TopB from
M. Catarrhalis; pl, p2, p4, p5, pb6, IpD, tbpB, D15, Hia, Hmw1, 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. ef 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;
Aand Y; Aand W;Cand Y; Cand W; Y and W; A, Cand Y; A, Cand W; A, Y and
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W; C, Yand Wand A, C, Y and W. Such a vaccine containing proteins from M.
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, Haemophilus 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, 10A, 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 I or Type III capsular polysaccharides of Staphylococcus epidermidis.
A further preferred embodiment comprises the Type Ia, Type Ic, Type Il 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 e al. Nucleic Acids Res. 1990 Jul 11; 18(13): 4010
"Comparison of pneumolysin genes and proteins from Streptococcus pnewmoniae types
1 and 2.", Mitchell ez 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 prneumoniae'), 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. FEMS Microbiol 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)(W099/55873), 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)
(WO99/55873; 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 proteinis a
preferred fragment for incorporation into the immunogenic composition of the

invention.

Iron aquisition proteins include TbpA (NMB 0461) (W092/03467, US5912336,
WO093/06861 and EP586266), TbpB (NMB 0460) (W093/06861 and EP586266), LbpA
(NMB 1540) (Med Microbiol (1999) 32:1117), LbpB (NMB 1541)}(WQ/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"
International Pathogenic Neisseria Conference 2002), FbpA (NMB 0634), FbpB, BfrA
(NMB 1207), BfiB (NMB 1206), Lipo28 also known as GNA2132 (NMB 2132), Sibp
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(NMB 1882), HmbR, HemH, Bep (NMB 0750), Iron (III) ABC transporter-permease
protein (Tettelin et al Science 287; 1809~1815 2000), Iron (IIT) 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) (13™
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, TbpA, TbpB, Hia, Hmw1,
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.

Yaccines

A further embodiment of the invention provides a vaccine formulation which comprises
an immunogenic recombinant polypeptide and/or polynucieotide 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 TH1 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 TH1-type responses (cell-mediated response), and TH2-type immune

responses (humoral response).

Extreme TH1-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 IgG1, 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 TH1-type cytokines tend to favour the

induction of cell mediated immune responses to the given antigen, whilst high levels of
TH2-type cytokines tend to favour the induction of humoral immune responses to the

antigen.

The distinction of TH1 and TH2-type immune responses is not absolute. In reality an
individual will support an immune response which is described as being predominantly
TH1 or predominantly TH2. However, it is often convenient to consider the families of
cytokines in terms of that described in murine CD4 +ve T cell clones by Mosmann and
Coffman (Mosmann, T.R. and Coffman, R.L. (1989) THI and TH2 cells: different
Dpatterns of lymphokine secretion lead to different functional properties. Annual Review
of Immunology, 7, p145-173). Traditionaily, 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 IL-4, IL-5, IL-6 and IL-13.

It is known that certain vaccine adjuvants are particularly suited to the stimulation of
either TH1 or 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 6f the IgG1:1gG2a 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 TH1-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 TH1-type isotype.
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Adjuvants which are capable of preferential stimulation of the TH1 cell response are
described in International Patent Application No. WO 94/00153 and WO 95/172009.

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 10ug - 100pg preferably 25-50pg per dose

wherein the antigen will typically be present in a range 2-50ug per dose.

Another preferred adjuvant comprises QS21, an Hplc purified non-toxic fraction derived
from the bark of Quillaja Saponaria Molina. Optionally this may be admixed with 3
De-O-acylated monophosphoryl lipid A (3D-MPL), optionally together with 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 TH1 stimulating adjuvants when formulated together with

an antigen.
Further adjuvants which are preferential stimulators of TH1 cell response include

immunomodulatory oligonucleotides, for example unmethylated CpG sequences as

disclosed in WO 96/02555.

82



WO 2005/032584 PCT/EP2004/011082

Combinations of different TH1 stimulating adjuvants, such as those mentioned
hereinabove, are also contemplated as providing an adjuvant which is a preferential
stimulator of TH1 cell response. For example, QS21 can be formulated together with
3D-MPL. The ratio of QS21 : 3D-MPL will typically be in the order of 1 : 10 to 10: 1;
preferably 1:5to 5 : 1 and often substantially 1 : 1. The preferred range for optimal
synergyis 2.5:1to 1:13D-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 1ug - 200ug, such as 10-100pg, preferably 10ug - S0ug 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 tocophero! in

an oil in water emulsion is described in WQ 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 may be 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 pg/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 Databases, 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; Biocomputing:
Informatics and Genome Projects, Smith, D.W., ed., Academic Press, New York, 1993;
Computer Analysis of Sequence Data, Part 1, Griffin, A.M., and Griffin, H.G., eds.,
Humana Press, 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. Moléc. 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: BLOSSUMG62 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

Auvailable as: The "gap" program from Genetics Computer Group, Madison WI. 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:

Ny <Xp-Xp®Yy),

wherein ny, is the number of nucleotide alterations, xy, 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 e is the symbol for
the multiplication operator, and wherein any non-integer product of x,; and y is rounded
down to the nearest integer prior to subtracting it from x;,. 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:

By <Xp-(Xp ®Y),
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wherein ny, is the number of nucleic acid alterations, Xy, 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 xy,

and y is rounded down to the nearest integer prior to subtracting it from xy,.

(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:

n, <xy-(xgey),

wherein n is the number of amino acid alterations, X is the total number of amino acids
in SEQ ID NO:2, y is 0.50 for 50%, 0.60 for 60%, 0.70 for 70%, 0.80 for 80%, 0.85 for
85%, 0.90 for 90%, 0.95 for 95%, 0.97 for 97% or 1.00 for 100%, and e is the symbol for
the multiplication operator, and wherein any non-integer product of x; and y is rounded

down to the nearest integer prior to subtracting it from x,.
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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:

Ny<x5-(XgeYy),

wherein n, is the number of amino acid alterations, X, is the total number of amino acids
in SEQ ID NO:2, y is, for instance 0.70 for 70%, 0.80 for 80%, 0.85 for 85% etc., and @ is
the symbol for the multiplication operator, and wherein any non-integer product of x5 and
y is rounded down to the nearest integer prior to subtracting it from x,.

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.

Examplel: Cloning of the BASB232 senes B. pertussis strain Tohama L

Genomic DNA is extracted from the B. pertussis strain Tohama I from 10'° bacterial
cells using the QIAGEN genomic DNA extraction kit (Qiagen Gmbh). This material
(1pg) 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 ImM 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 25°C 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, 0.1MNaH2PO4,
0.01M Tris, pH 6.3). The recombinant protein BASB232/His6 is then eluted from the
column with 30ml of buffer D (§M Urea, 0.1MNaH2PO4, 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 (NaCl 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% CO,. Several colonies are used to inoculate
Tryptic Soy Agar (TSA) broth supplemented by NAD and hemin, each at 10 ug/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 lo g10 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 log10 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 ODAGQEGEF

84 DDDPDELGE
106 EHKNPMS

236 PGFPPPPPPLP
265 GQDGK

339 DGANT

381 TLRQTRI

404 PQSGSG

538 DGNKPL

579 ADSRVQD

599 APEASY

628 QONDQL

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 IT 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 LQOSILGPALIADGGSIS
270 VTLREVALRAHGPQAT
287 VYAYMPGSEI

298 LQGGTVSVQ

329 VRLDGTTVS

347 LVRGDAARAEVVNTVLRTAKSLAA
380 VILRQTRIE

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 VMLWRTSGKRYRASNGLRV
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 pET30b 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. DTPa018A2 — contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT and 6.25ug FHA per
mouse dose. All antigens were adsorbed separately onto AI(OH)3 before
combining,.

2. DTPal4885B9 - 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 AI(OH)3

before combining.
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3. DTPw13126A9 — contains 6.25Lf DT, 2.5Lf TT and 1 L.U.whole cell B. pertussis
per mouse dose. All antigens were adsorbed separately onto AI(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 AI(OH)3
before combining,

6. DTPa-3 BrkA - contains 6.25Lf DT, 2.5Lf TT, 6.25ug PT, 6.25ug FHA, 2ug
pettactin 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 10° CFU/50 ul) 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 logl0 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

geometrc 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 ANOVAI1 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 ANOVA1 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 BrkA|, 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 pl 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 determination. The mice were then challenged by instillation of 50
ul of bacterial suspension (+/- 5 10° CFU/50 pl) 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 log10 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 logl0 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 pL 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 Inf. Imm. 1998, 66(8), 3597. This
provided B. parapertussis OMPs at around 64 pg/ml,

Gel electrophoresis (SDS-PAGE)

Four aliquots of (ca. 13 pg each) of OMPs sample were pooled and evaporated to
dryness under vacuum. The residue was solubilised in 100 pl of 0.1% wA~v n-
octylglucoside in water. The sample was reduced by the addition of 10 ul of 200 mM
tributylphosphine and alkylated with 5 pl of 2-vinylpyridine. The reaction was
performed at 4°C for 4 hours. The mixture was then precipitated and washed with the
Amersham SDS-PAGE clean-up kit. The complete sample (36 pl) was then dissolved
with the SDS-PAGE sample buffer (36 ul) and reductant (7 ul) provided with the Bio-
Rad Criterion XT gels. 64 ul of water were added and the mixture was heated at 95°C
for 5 min.

Two gels with lanes loaded with 14ul (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 ul 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 4°C 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 mmr’). They were then transferred to
500 pl Protein Low Bind eppendorf tube. The gel pieces were washed three times with
300 pl of 50% v/v methanol and 5% v/v acetic acid in water for 15 min, followed by
300 pl of 100 mM ammonium bicarbonate for 5 min. Gel pieces were shrunken in 300
ul 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 ul 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 pl of 100 mM ammonium bicarbonate for 5 min
and shrunken in 300 pl 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 CaCl,, 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 pl
by vacuum evaporation.

Mass spectrometry
Band digests were analysed by nanoL.C-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
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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 Obj ective). 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 Symmetry (5 x 0.3 mm — 5 pm — 300 &)
(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 pm — 100 &) (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
Institue 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 nanoL.C and sequenced by MS/MS.
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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.

109



WO 2005/032584

PCT/EP2004/011082

Gel band Hit # (Score”)  Protein description (Theor. MW in Da) Nb peptides  Gene
(running buffer) matched
1(821) autotransporter (176978) 15 BPP0O452
#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 ivon 8 BPP3376 or
transport (81321) BFRD
2 (229) polyribonucleotide nucleotidyltransferase 7 BPP3431
(77294)
#10 (MOPS) 1(938) chaperonin (57447) 27 BPP086S
#16 (MES) 1(621) chaperonin (57447) 16 BPP0868
#11 (MOPS) 1(446) autotransporter (176978) 10 BPP0452
2 (288) elongation factor (42889) 6 BPPQ007
#17 (MES) 1(388) autotransporter (176978) 8 BPP(452
2271 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 DJC Pappin et al Curr. Biol.,
3(6); 327-32 (1993).

Table 7
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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-1816.

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 Orfl1

Atgtccaccccecgattegegetgeattacgecagegegtecagtectgetggecgeatee
Ggcctggecatggegecagacggecacccagateccacgatcecgtegecaggtgeagecagatyg
Gcgacggtgcaggtgetgggcacggecgaagaggaaatcaaggagtcgetgggegteteg
gtcatcaccgecgaggagatcgccegecgeeccgeccaccaatgacctgtecgacctgate
cgcegegaacceggegtcaacctgaccggcaacagegeccageggegegeggggeaacage
cgccaggtecgacatcecgeggecatgggeccecgagaacacectecatecctgatcgacggeaag
ccegtcacctegegecaatgeggtgegetatggetggaacggegaccgggacacgegeggyg
gacaccaactgggtgcccgecgaggaagtcgagegeatcgaagtgatcegeggeceggec
gccgeccgctacggttececggggecatgggeggegtggtcaacatcatcaccaagegecee
gcecgategegecaccggcetecatcacctactacacgaaccageceggaagacageegegag
ggcaacaccaaccgcgt caatgegegeatcagegegecgatcagegacacgcectgageatyg
cggctgtacggcaactacaacaagaccaatccggatgccegegacatcaacgecggecac
gcgaacaccagcgacaacggcaacecctecgaccgeceggacgcgagggcgtcatcaaccag
gacctgagegegetgttctecgtggaaagecgacagecacaacaccgtggacctggacatyg
ggcttcagceggecagggcaacctgttegecggegacaccatgaacaacgeccaacagegac
ttcteggacagectgtacggcaaggaaaccaatgecgatgtaccgegagaactatgegety
acgcaccgceggcegtctacgactggggecacctegegegeecagegteggectatgactacacy
cgcaacgcgcgecagcgegaaggectggecggeggeccegagggegegeccaccgeggge
ggctacgacaccgcgegcectgaagaactggegegecgeggecgaggccagegtgeegtte
catcteggtttcegagecaggtcgecacggteggegtggaatggetgegegaategetggaa
gaccccgeceggeacgcgecagacctataceggeggegeceatcggeggecacggecccggee
gaccgcgacccgaaatcgegecagaccagetatgegetgttegecgaggacaacategag
atcgacgagcegcaccatgctcacgeceggegtgegectggaccacaacagegaattegge
agcaactggagtcccagcectgaacgectcecgtacgeegtcacegacgegetcaagetcaay
ggtggcatcgegegegecetacaaggegeccaacctetaccaatecaacceccaactaccetyg
ctgtacagccgeggcaatggetgectggectcgcagaccaacaccaacggectgetatetyg
gtecggcaacgaggacctcectegecggaaaccagegtcaacaaggaaatcggettegagtac
gacccgggcacgtggegecaccageatggectatttecgeaacgactaccgecaacaagatce
gtcgecggcaccgacgteccagtacegectggecaatggegecececgggtgetgcaatggace
aacagcggcaaggccegtggtegaagggctggaaggecaacctgttcattcegetggecage
aatctcgactggaacaccaacttcacctacatgatccagtccaaggaaaaggctacecgge
gaacccttgagegtgattccegaatacaccatcaacagcacgectggactggttcetacacyg
ccgcagcetgtegtteccaggccaatectcacctattacggcaagecaggaaggeccgtecace
aatgtacgcaccggcgtcgaactgaacggecgacggecgecagaccatcagtecegtatgee
ctggcgggectgagecatgggctacgaagtcaaccggaacctgaagttecegegteggegtg
agcaacctgttcgacaagcagctgtaccgecgaaggcaatgeccagecagecgegggegeggee
acctacaacgaaccggggcgcegectattacgeccacggegacggtgtegttcectga
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SEQ ID NO:2 polypeptide sequence of Orfl
MSTPRFALHYASASVLLAASCLAMAQTATQIHDPSQVQOMATVQVLGTAEEEIKESLGVS
VITAEEIARRPPTNDLSDLIRREPGVNLTGNSASGARGNSRQVDIRGMGPENTLILIDGK
PVTSRNAVRYGWNGDRDTRGDTNWVPAEEVERIEVIRGPAAARYGSGAMGGVVNIITKRP
ADRATGSITYYTNQPEDSREGNTNRVNARISAPISDTLSMRLYGNYNKTNPDARDINAGH
ANTSDNGNPSTAGREGVINQDLSALFSWKADSHNTVDLDMGF SRQGNLFAGDTMNNANSD
FSDSLYGKETNAMYRENYVALTHRGVYDWGTSRASVGYDYTRNARQREGLAGGPEGARPTAG
GYDTARLKNWRAAAEASVPFHLGFEQVATVGVEWLRESLEDPAGTRQTYTGGAIGGTAPA
DRDPKSRQTSYALFAEDNIEIDERTMLTPGVRLDHNSEFGSNWSPSLNASYAVTDALKLK
GGIARAYKAPNLYQSNPNYLLYSRGNGCLASQTNTNGCYLVGNEDLSPETSVNKEIGFEY
DPGTWRTSMAYFRNDYRNKIVAGTDVQYRLANGARVLOWTNSGKAVVEGLEGNLFIPLAS
NLDWNTNFTYMIQSKEKATGEPLSVIPEYTINSTLDWFYTPQLSFQANLTY YGKQEGPST
NVRTGVELNGDGRQTISPYALAGLSMGYEVNRNLKFRVGVSNLFDKQLYREGNASSAGAA
TYNEPGRAYYATATVSF

SEQ ID NO:3 polynucleotide sequence of Orf2

Gtgttttctegecagtcagaagcatcecgtectggegectgtegecatgegtacttgeggee
Geettgtgegeegtegeggt cggtagegeggacacegcecgcgecgcaggecgecegecgec
Agcgceccagcattatgaaatcgecggecggaccgetggocgacgcactgaccegettegeg
cgcegtgecggegtggtgetgtegttegaceceggecctggtgcaggggegecagecacggeg
ggcetgecagggegtgtacggegtgegegacgggttcgeggegetgetggecggetecggge
ctgecaggcgegegecggeggeggcaacaactggtecgetggeggegetgecgegeggegge
gatgcgcagacgectggegecggtgacggtgctgggcctggagggegegetggegeccacy
gtcggctatgtegecagtgecagectgageggcaccaagaccgatacgecgetgategaa
acgccgcaatcgattteggtggtgact cgegaccagataaccgagcagggegeccagacyg
ctgaaccaggtgctgegetatacecgecggegtggecgaccgagacgcgecggecgcgaccegeyg
acgcggctggaccagttcagegtgegeggtttetecegeegecacctatetggacggeatyg
cgcgtgtteggeggeegggacgecttgecccaggtcgacgectacecggetegaacgggte
gatgtgctcaaggggccggcettecegtgetgtatggecagggeggececgggeggegtggte
aaccaggtcagcaagcgtcecectggacgagectttgegegagat cgaagtgcaggeggge
aatttcgatttceeggegggtcaacatggattttteeggeccggtggacgaggaccggege
tteectgtacecgggtaaccggecgeggectatatgtcegatggecaggtggat cacaccagyg
gagcgccgcetacttegtectegecgtegttcacgtggeggeccagegeggataccacgetyg
accgtgcetgaccaacttcocagegegacececgacatgggttegtacggategatcteggec
atgcgeacgetgetgteggegeccgacggecaggeggctgggeccgaaccactacgacgge
gacgccgatttecgaaaagagcgaccgecgecagetattecgetgggetatcaactggageat
cgcttcaacgataccttcaaggecctegecagaacctgegttteccagecatgecgagggegtc
tatcgcagcatctacggcgcecagcaacaacaattacggctatctegacaaggactaccge
tactcgecagecgeggectggecatcagegacgtggacgtggatgegttcacgatcgacaac
aacctgcaggegegcettegataceggggegetggegeatacggtgetggtggggttegac
taccagcgegtgcagaccgacaccttgtecgggctatggecagegegeecgecgetegacgtyg
ttcgateccggactatcacatgggtatcgageggcegecgtttacgteccgatcagacccag
tacaactaccagaccggcctctacctgeaggaccagatcaggctggategectgtegttg
ctgectgggegggegetacgactggtecgegeaccecacaceggcacecgacaacctggecaac
ggctegcacagecagectecggegetegecgecgaggegttcaceggeecgggtcggggegate
tacaacttcgacaacggcgtggcgececgtacgecagetacteggagtecgttegagecgecag
accggcacgggctggaacaacacgccgttcaagecgaccgaaggecaagecagtatgaggte
ggegtgaaataccagecgeagggeteggecacgetgetecacgetggeggecttegacate
cggcgcaagaacctgcccaccacegacacggatcccacecatatgtgeggegtttegege
tgctcgatacaggeceggcgaagtgegecaccegeggecatecgaactggaggecaagaccgaa
ccgectgegeggectgagectgategecgectattegtacctegacaacgaatacgagaag
gcetatecgaacacgacegggttggacctecaagggecaagaageeggtggeegtgeeggey
caccaggcgteggectgggecegetatcaactgecaggagggeeaegetggecggectggge
atgggcgcgggggtgegctacateggecagttegtacgecaacgaaaccaacacgctecaag
gtgccatcggtgacgctggtggacatgatgetegactacgacctgggecgggeccagecce
gegcetcaagggcatgcaggtggegttgaacgtcetecaacctgttcgacaaggaatacate
ggctcegtgeectgtecgattegtggtgetggtatggetaccagegttecgatcaaggecage
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ttgcgetategetggtga

SEQ ID NO:4 polypeptide sequence of Orf2
VFSRSQKHPSWRLSPCVLAAALCAVAVGSADTARAQAPAASAQHYETIAAGPLADALTRFA
RRAGVVLSFDPALVQGRSTAGLQGVYGVRDGFAALLAGSGLOARAGGENNWSLARLPRGG
DAQTLAPVTVLGLEGALAPTVGYVASASLSGTKTDTPLIETPQSISVVTIRDQITEQGAQT
LNQVLRYTAGVATETRGATATRLDQFSVRGFSAATYLDGMRVFGGRDALPQVDAYRLERV
DVLKGPASVLYGQGEPGGVVNQVSKRPLDEPLREI EVQAGNFDFRRVNMDF SGPVDEDRR
FLYRVTGAAYMSDGQVDHTRERRYFVSPSFTWRPSADTTLTVLTNFQRDPDMGSYGSISA
MRTLLSAPDGRRLGPNHYDGDADFEKSDRRSYSLGYQLEHRFNDTFKASQNLRFQHAEGY
YRSIYGASNNNYGYLDKDYRYSQRGLAISDVDVDAFTIDNNLQARFDTGALAHTVLVGED
YORVQTDTLSGYGSAPPLDVFDPDYHMGI ERPPFTSDQTQYNYQTGLYLODQIRLDRLSL
LLGGRYDWSRTHTGTDNLANGSHSSSALAAEAFTGRVGAI YNFDNGVAPYASYSESFEPQ
TETGWNNTPFKPTEGKQYEVGVKYQPPGSATLLTLAAFDIRRKNLPTTDPDPTHMCGVSR
CSIQAGEVRTRGIELEAKTEPLRGLSLIAAYSYLDNEYEKAYPNTTGLDLKGKKPVAVEA
HOASAWARYQLQEGPLAGLGMGAGVRYIGSSYANETNTLKVPSVTLVDMMLDYDLGRASP
ALKGMQVALNVSNLFDKEYIGSCLSDSWCWYGYQRSIKASLRYRW

SEQ ID NO:5 polynucleotide sequence of Orf3

Atgcgagccagaccgagegeggeaaccegcegecctgeactecategtegegeeceegecge
Ctgatccctgccctgctgggcgcgcttgcctgcctgggcactggcgtacaggccgcgccc
Atcgacgtcgatatcccgececcagaacctggeccaagccctgeaccagettggecggeaa
gccaacctgcaggtectgtacagecaggacctggtegatggecagegeageceegeegtyg
cagggcegcatggaacctgecgaagegetggaacgectgetgaaaggecgcaacatecege
tattcgatccagecacaacaccgtcacgctcacgeccatgeegetgactgegacgetgecyg
gcaatcagcgtggteggegecctgectgactecgacacctacgtggecacaggcacgaca
gcecggcaccaagacggacacgcegctgatecgaaatacecgcaatecattteggtggtgace
gecegegeagatcegegagcagaatcegeagacgctgggegacgecgtgegetacacgece
ggtatcgtggtgcaggaaggattcaacegecaccgacgatectttecatcateegeggette
gacgtcegcaccaatcceggegtecatgttcegegacgggetgaaaatceccetgecceat
tacagcgcgatgtoccgaacectacgegetegaacgeatecgaggtegtgaaaggecceget
tcggtgetgtacggacaggectegeccaggeggcategtcaacgtggtatccaageggecyg
acagacagcccgctgcgegagetgcagetgageggegget cgcacagcaacaggeagete
gccggegactteggeggacgcatcgacgacgagggacggetgacctacegectgaccgge
ctggcgcgcaatgccgacacgatgatcgaccatgtcccggacgaccgctactatctcgcc
cececgegetgacctggegeat cageceggacacctegetgacgetgetggegagetacaty
aagaacaagaccatcaacaacgccggctacccgctcgaaggcacggtcaagtacaacccc
aacggccgeatccegegtecacegettcaccggegagecggactggagcaagtgggaceay
gaggtcgccaacgtggggtaccagtttgegecaccgettcaacgacacctggcaattcaag
cagaacctgggctacgcccagtegegeaacegegtecaaccacgectactggtggacctgyg
gtgcceggaagegacttotocacggecgagegeggegectacecgecgegacgatgacgee
cacggcgtgageatcgacaaccagttcgaggecacgtggcaatecggecgettecaggeac
aacacgctgtteggectegattacaccgaaacctegttcacecegecaaacagtacgeeggce
tacaacaacctcgeccegatcgacttcettegatceggegtacggeteggacgtactgety
ccggcgaagccggacacctacaccaacgagaagegeagecagetecggectgtacttgeag
gaccagataaagttcgacgacaaactggtggtggtgetcageggecgetacgacaatgee
gacggctcgacgctgaacaagetgageggegtcaataccegecaccggegacaacgegtic
acgtggegeaceggectgetotaccttgeggacaacggtctggegecctataccagetat
tcgacttegttecagcegecaggecggecaccacctegeccegecacgeggecaccacgecctte
gacccgaccaagggcaagceagtgggaagecggcegtgaagtaccageccaatggttegaac
tcgttecatcaccgecateegtettecgagetgacgegeaccaacgtccecacgaccgaccce
gccaaccccgtctacagegtgecaggaaggegaggtgegetcgegeggectegaattgteyg
gacaccegecaacctggectegggetggaacctgategeggectacacgtatacegacgeg
gaaatcaccaagagcaactccaacacgctaggcaacacgcccgaggeegtgeegegeaac
atggcgtegcetatggtcegactacaccgteecgteceggtgegetggeggggetgaatatce
ggcgecggcegtgegetacatgggctecgacctacaacaacaccaatgecgecaaggtegge
gactacacecgtgttegacgecgecctgegetacgactteggggegegeagecegtecetyg
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aaaggctggacggecgatctcaccgtgegeaacctgttegacaaggactacgtggeeteg
tgcacctatgectgettetacggagaaggecaggacegtgetgggecgggtcacgtacaaa
tggtag

SEQ ID NO:6 polypeptide sequence of Orf3
MRARPSAATRALHSSSRPRRLIPALLGALACLGTGVQAAPIDVDIPPONLAQATLHQLGRQ
ANLQVLYSQDLVDGQRSPAVQGRMEPAEALERLLKGRNIRYSIQHENTVTLTPMPLTATLP
AISVVGALPDSDTYVATGTTAGTKTDTPLIEIPQSISVVTAAQIREQNPQTLGDAVRYTP
GIVVQEGFNRTDDPFIIRGFDVRTNPGVMFRDGLKIPLPHYSAMSEPYALERIEVVKGPA
SVL.YGQASPGGIVNVVSKRPTDSPLRELQLSGGSHSNRQLAGDFGERIDDEGRLTYRLTG
LARNADTMIDHVPDDRYYLAPALTWRISPDTSLTLLASYMKNKT INNAGYPLEGTVKYNP
NGRIPRHRFTGEPDWSKWDQEVANVGYQFAHRFNDTWQFKQNLGYAQSRNRVNHAYWWTW
VPGSDFSTAERGAYRRDDDAHGVSIDNQFEATWQOSGRFRENTLFGLDYTETSFTRKQYAG
YNNLAPIDFFDPAYGSDVLLPAKPDTYTNEKRSQLGLYLQDQIKFPDKLVVVLSGRYDNA
DESTLNKLSGVNTRTGDNAFTWRTGLLYLADNGLAPYTSYSTSFQPQAGTTSPARGTTPF
DPTKGKQWEAGVKYQPNGSNSFITASVFELTRTNVPTTDPANPVYSVQEGEVRSRGLELS
ATANLASGWNLIAAYTYTDAEITKSNSNTLGNTPEAVPRNMASLWSDYTVPSGALAGLNT
GAGVRYMGSTYNNTNAAKVGDYTVFDAALRYDFGARSPSLKGWTADLTVRNLFDKDYVAS
CTYACFYGEGRTVLGRVTYKW

SEQ ID NO:7 polynucleotide sequence of Orf4

Atgacaggctttcatgcacgcaagecggtgggeggtggeccatggecggecegegeacgge
Aggcegcettgegtggecegegecatcccectacggacaaccaccatgaagecattaccgetce
Gecttatctegecgegetgetgecctggtacgecaggegtecatccaggegeaatcecgegece
gccgecggegacgatgectegatcaccctggaagecgtcagggt cgaggececagegeegac
gccteecgecggeggectggegecggecttecgegggeggecaggt cgeccacgggegegaay
gtcggcatccteggcacgegegacaacctggaaaccecegttetccatecaccgectacace
aacgaactgatccaggaccgccaggeccaagggggtgggegacgtectgeagaacgacccee
ggcgtgegggtggegegegggttcggecaactteccaggagtegtatttcatcegeggette
atcctcageteggacgacatcecgegtacaacggectcetatggectgttgecgegecagtac
atctecgaceccagetgttcgagecgegtegaggtgectgegeggtgecteggegtttetecace
ggcgcegecgecgtececggeggegggatecggeggggtgatcaacctggttecccaagegegeyg
cccaacgagccegcetgacgegetttteggeeggetacggecagegacagegtgetegagget
teggecgacatcggeeggegetteggeccggacgacagegtegggateegeatcaacgec
gcccagegeggeggegagaccgecatcgacggegagegeaccegecaccacggtgttegeg
ctgggectggactggegeggegagegegegegectgtcggecgatateggetaccaggac
aaccgcctgaagegggegegecccaatgtecacgetggeecggegacgecgecaaggtgece
ggcgegcccgacgecggetecaactatgeccageectggtegtacteccaacgaacgegac
gtgttecggcaccctgegeggegaatacgacttcaacggecgecataacgggetgggtegee
tatggcatgcgccagagcaaggaggagaactegcectggecaacctcaataacgtcaacggce
gcggggcagggceaagttctaccgettecgacaacgeccgegaggataccgtcaacacegge
gagatcggcctgegegecaaggegegeacceggeceggtgggccacgaactggtegectey
gcgtcogtatttegacctegagaagaagaacgectatgtcatggacttettcaaccagtte
gacaccagcatctacgacccecgtcagetacgecaageccggecatcagcagcaccgegttt
cgcggcaacgacatggacgatccegecaagecagggegtcatcecggetggecagetatgeg
ctgggcgacaccatgtegttettegacgacaaggtgectgetgaccgecggeatecgecac
cagegcectctaccagegegactacagetacgacacgggecatecggeggecacceectacgag
caaagccacaactcgeccgecgecggectggtggtgegegtgacgeecccaggtgtegetg
tacgccaactacatcgaggceccctgtecggegggcgacaccgegeegecagacegecaacgge
ctgeccggtggtcaaccacggegaategetggegecctatgtgtecaagecagaaggaagtyg
ggcgtcaagttegagcacgacggcctgggeggeggectggegetettttecaccgacaag
ccgegegggttegtgggegatgaccaggtcettecgegettcgggecaaggaccgecaccge
ggggtcgaactgacgacttacggegagetcacgegecagegtgegegtgetgggegggetyg
acctggctggacgccaageagetcagecaceggcaacgecgecaccgacggeaagegegta
atcggegtgceccegetteocaggecaaccteggegtggagtgggacatececceggegtgeag
ggcctgaccgtggacgggegtgtggtctatacgggetegtecctatgeggatgeggecaac
accctegaggtgecgggetggacgegectggacgeeggectgegttacatgacegatate
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ggeggecatcetggtgacctggegegeaegegt cgagaacatcgecaacegegactactgg
tecteegtgggeggetaceceggeaatggetacetggtgetgggeggcecgegeaccette
acgctgtcecggeatcgatggagttctga

SEQ ID NO:8 polypeptide sequence of Orf4
MTGFHARKPVGGGHGRPAHGRPLAWPRI PLRTTTMKPLPLAYLAALLPWYAGVIQAQSAP
AAGDDASITLEAVRVEASADASAGGLAPAFAGGQVATGAKVGILGTRDNLETPFSITAYT
NELIQDRQAKGVGDVLONDPGVRVARGFGNFQESYFIRGFILSSDDIAYNGLYGLLPRQY
ISTQLFERVEVLRGASAFLTGAPPSGGGIGGVINLVPKRAPNEPLTRFSAGYGSDSVLEA
SADIGRRFGPDDSVGIRINAAQRGGETAIDGERTRTTVFALGLDWRGERARLSADIGYQD
NRLKRARPNVTLAGDAAKVPGAPDAGSNYAQPWSYSNERDVFGTLRGEYDFNGRITGWVA
YGMRQSKEENSLANLNNVNGAGQGKFYRFDNAREDTVNTGELGLRAKARTGPVGHELVAS
ASYFDLEKKNAYVMDFFNQFDTSIYDPVSYAKPAISSTAFRGNDMDDPAKQGVIRLASYA
LGDTMSFFDDKVLLTAGIRHQRLYQRDYSYDTGIGGTPYEQSHNSPAAGLVVRVTPQVSL
YANYIEALSAGDTAPQTANGLPVVNHGESLAPYVSKQKEVGVKFEHDGLGGGLALFSTDK
PRGFVGDDQVFRASGKDRHRGVELTTYGELTRSVRVLGGLTWLDAKQLSTGNAATDGKRYV
IGVPRFQANLGVEWDI PGVQGLTVDGRVVYTGSSYADAANTLEVPGWTRLDAGLRYMTDI
GGHLVTWRARVENIANRDYWSSVGGYPGNGYLVLGGPRTFTLSASMEF

SEQ ID NO:9 polynucleotide sequence of Orf5

Gtgcctcegtectactteccgeegtacgegecetgegegecggecaggegeagecegeette
Gtgccegegetetteatgettgecetgggegecgttgeecgeecggegegegegeccagecc
Getgeggegggtgtececeggatacgecaaggegtggegecaaatgecggeegtcacggtcaac
Gecegegecggtggacgacacgetggageatctggaggegecggtegataccggegegetg
Ggacggcgcacccagctggagacgectttttecaccacggtggtgactgecegegacatyg
Gaggagcgccaggtcaacaagetgggagacgtgttcgegetggatgecteggtgacggac
Aacagcgcgtcectatggegegtgggecagetacctgacggtgegeggectgecgetggat
Tggcagaattcgtaccgecatcgatggecggecgttecctgagectacgtcacgacgetgecyg
Ttcgagcacttegagcagatcgacctgetcaagggggegtegggettcatgtacggttte
Ggctcgecgggeggectggtcaactatgtcaccaagaagecgaccgacgaageggtgege
Agcgtegagetgggetacgtgteccaaggggttgectgegegagecacgtggacctgggegge
Agggtgggccagagcggegegtttggetatecggectgaatgecacgecacgaggagggeaat
Acctacaacggtggategectgtacegegatteggtgtcgetggegetggatgegegectyg
Agcgaccggttgacctgggacttcecaatccatctaccaggaccgecaaggecatecgggeag
Gagcccacgatcectatgegggcaccatggecggcagegagttgecategecggtgegeaac
Gacaatgacaggctggtegggecagggacegtatgeggacaatgegtteegetattacteg
Accggcttgaagtaccaattggeggacgaatggacgectgagecaccaattacagectacage
Tccacgcegtaceecgecgecaacgagteggtgetgttectgegegaccaggegggegactat
Gacgattaccgctcggactatggegaggectatggetacaaccagtggecaggecatgetyg
Gagggcaagttecgctaccggtceccoccttgaagecaccacgtggtggeeggegegtcgtggecag
hAagcagaagaacgactacagcgeccaacggggtctatcaattgcagggeacgggecaacctg
Cgcgcecgegcaataccaacacgtactacagegaaggecagetgecacctgtacegegeggee
Gagatcacgcagaaggcgctgttecgeccagegacacggtegacctgaceggeggetggteg
Gtgectgggegggctgegetatacgaattatgegecagecaaggattcgatgecacgggegey
Cgaacatcgcgctacgacaagaacggcgtgetgacgecgaccetttgecctgatgtacaag
Ctgacgcecgegcacecatggectatgecagetacategaatccttggagecegggetegteyg
Gtgggcgcecgegtacgccaacttcecggegeattgetegateegttgaagagecaageagtac
Gagctgggcatcaagaccgaacaggacggctgggeegeccacggeggegetgtttegeate
Gagaagaaggcggaatacgecgaatgecgecaacgagetggtgecaggacggcaagacgete
Tatcaggggttggaactgggcgectcecacgegtategeccgegactggaacgtgggagge
Agcctgatgttgectggatteggaatacaagaaaggecteggatttcaccggecaaccgegtg
Gocgggagegecgaagttegtggeggecgegeaactggegtacteggtgecgecaggtgeeg
Gggctgaagctgcgegecgatgtgaagtacaccggeaacacgatgectgggegecageaac
Cgggtgcaggtggacgactacgccatcgtcaatatecggegecacctacgacacgecagate
Cacggctacgaggcgaccttcaccgecggecatcaacaacgtggeccaacaagegetactgg
Ctgtaccagtcgtctgactacgtgaaggegggegaccegeggacctatggaectgacgtet
atatccagatatccggatatctggatataa
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SEQ ID NO:10 polypeptide sequence of Orf5
VPRPTSRRTRPARRQAQPAFVPALFMLALGAVAAGARAQPAAAGVPDTQGVAQMPAVTVN
AAPVDDTLEHLEAPVDTGALGRRTQLETPFSTTVVTARDMEERQVNKLGDVFALDASVTD
NSASYGAWASYLTVRGLPLDWONSYRIDGRPFLSYVTTLPFEHFEQIDLLKGASGFMYGF
GSPGGLVNYVTKKPTDEAVRSVELGYVSKGLLREHVDLGGRVGQSGAFGYRLNATHEEGN
TYNGGSLYRDSVSLALDARLSDRLTWDFQSIYQDRKAIGQEPT I YAGTMAGSELPSPVRN
DNDRLVGQGPYADNAFRYYSTGLKYQLADEWTLSTNYSYSSTRTRRNESVLFLRDQAGDY
DDYRSDYGEAYGYNQWQAMLEGKFATGPLKHHVVAGASWOKQKNDYSANGVYQLQGTGNL
RARNTNTYYSEGQLHLYRAAEITQKALFASDTVDLTGGWSVLGGLRYTNYAQQGFDATGA
RTSRYDKNGVLTPTFALMYKLTPRTMAYASYIESLEPGSSVGAAYANFGALLDPLKSKQY
ELGIKTEQDGWAATAALFRIEKKAEYANAANELVQODGKTLYQGLELGASTRIARDWNVGGE
SLMLLDSEYKKGSDFTGNRVAGAPKFVABRAQLAYSVPQVPGLKLRADVKYTGNTMLGASN
RVQVDDYAIVNIGATYDTQIHGYEATFTAGINNVANKRYWLYQSSDYVKAGDPRTYGLTS
ISRYPDIWI

SEQ ID NO:11 polynucleotide sequence of Orf6

Ttgccegecataagegtcacgggtegtgagatttecgacctcacecgagggtacaaacgec
Tacacaaccgaggccatgagecacggecacgggectgacactcectegecacgegaaacacea
Caatccgtcagtgtggtcacccgacagcagatcgaggatcagggecctcaccgacacecggce
Gececatcecctggegaccgegecagggatttecgtcacgegecagegacagcaacegetattca
Ttcteggececgeggettcecaccategacaactteccagtttgacggectggtategeccate
Ctgagccaatggaactatggttcegaccgatatggacgeccecgecatctacgatcacgtggaa
Atcgtacgtggegecacaggectgatgacaggetegggeaatcecttecagecgeegtgaac
Ttecgtgcgcaagegtcececcttgegtgagttegeggetacgttcaatgegagtgteggecage
Tgggactatgtgecgeggegatgecgacatcteegtgeccatcacggaagacggcagaata
Cggtcacgcttggtggecegectacagtcagggegacagectatgtgecactttttagatacg
Cgcecggcgecacattcectatggegtggtcagegecgatctgacgeecggatacggtgetgacg
Accagegtggagtaccagcacaaccacageaatgggtttggeageggetttecgetgtte
Tatagcgacggttcegegecacegatttcaaccgetecggtggecaacaacgetecectgggec
Cggcaggataccgaagccaccacctatttegtggacctecacgecacegettcaccaatgac
Tggaagctgcgecgceggectatagecacactgatggecgetatctcatgaaacatgtgtac
Cggggeggetacccegatcegecatactggecatecategetgeccecececctgeattttecaac
Tacgacggcaacctcgatcgggatgacatccatttttcettgtecgeteectttegaggee
Ttcggectgegecacgaagttgecctgggetggatgagecatcgacaaccatagegacate
Cagcgatacgcaatggtcggaccggeccccagecatcggecagettettegactggegeecge
Gceccacatccaagagecccagetgggecgacacgcectgtecgececgecgacgacgtgegeace
Aagcagaccggcgcctatctggteggecggtttgecactagecgaaccectgeaccteate
Gtgggcegaccgttggagegactggaaaaccaaacagatgtattttggetecgegeegegaa
Tacaggatcaagaatcagttcaccccctatgecggtetgacctacgacatcaacgacacc
Tacacggcgtacgccagctatacggagatcttccagecgecagaacgegegecgacaccagce
Ggeggeattcettocteocatcaaaagecaagagetatgagetgggtctgaaggeageetat
Ctggagggacggctcaatacctcegecgegetetttcagacgeggcaggataacctggee
Caggtcatccecgggetecatccattecgggetttecgaacatgecaggectecacgtgeecgee
Tcecggegecaaggt cgaggggatagacctggaggeccageggecagatcetgeccgactgyg
Aacatcggcgcecagcetatacacacttcaccaccaaggacgecageggecaaccecatcaac
Accaatcatccgecgecagectgttcaagetcetacaccacgtaccgectgeegggegeectyg
Caccggcttacegtgggeggeggegttgactggcaaagtcgeatgtaccaggecegeagec
Agtccgcgcggcaatgtcgaagtcgaacaggacagetacgeactegtgagectecatggeg
Cgcttcgactttaacaaaaaactgtcggecaacactgaacgtgaacaatctgttcgacaaa
Aagtactacgatcagatcggettctacageccagggttggtggggtgecgecacgecaatgta
atgctcaacttgecgggegeagtattga

SEQ ID NO:12 polypeptide sequence of Orf6

LPAISVTGREISDLTEGTNAYTTEAMSTATGLTLS PRETPQSVSVVTRQQIEDQGLTDTG
AILATAPGISVIRSDSNRYSFSARGFTIDNFQFDGLVSPILSQWNYGSTDMDAAIYDHVE
IVRGATGLMTGSGNPSAAVNFVRKRPLREFAATFNASVGSWDYVRGDADISVPITEDGRI
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RSRLVAAYSQGDSYVHFLDTRRRTFYGVVSADLTPDTVLTTSVEYQHNHSNGFGSGFPLF
YSDGSRTDFNRSVANNAPWARQDTEATTYFVDLTHRFTNDWKLRAAYSHTDGRYLMKHVY
RGGYPDRHTGIIAAPPAFSNYDGNLDRDDIHFSLSAPFEAFGLRHEVALGWMSIDNHSDI
QRYAMVGPAPAIGSFFDWRRAHIQEPSWADTLSPADDVRTKQTGAYLVGRFALAEPLHLI
VGDRWSDWKTRKOMYFGSRREYRIKNQFTPYAGLTYDINDTYTAYASYTEIFQPQNARDTS
GGILPPIKSKSYELGLKAAYLEGRLNTSAALFQTRQDNLAQVIPGSSTPGFPNMQOASRAA
SGAKVEGIDLEASGQILPDWNIGASYTHFTTKDASGNPINTNHPRSLFKLYTTYRLPGAL
HRLTVGGGVDWQSRMYQAAASPRGNVEVEQDS YALVSTLMARFDFNKKLSATLNVNNLFDK
KYYDQIGFYSQGWWGAPRNVMLNLRAQY

SEQ ID NO:13 polynucleotide sequence of Orf7

Atgaagttctactctteccatecgatgecegagtegetegeggetgegategeagtgect
Ctgttgggcetgetgeceggeggegecaggeegegtccacggeggtccagetgecateagte
Acggtcgagggcgagtactcgtectatcaaccggaaagegeccagt cgeccaagttcace
Gegecectggeggacacgecgegeacggtgecaggtcatcectgageggetecatecaggac
Cagggggccagcgacctcegaageggtactgegeaatgegecagggatategatgacegee
Ggcgaaggcggecgtceggecagegacetgeegttcatcegeggecagaat tcggecage
Agcctttttgtcgacggectgegegatcccagecacgecaategegegataccttcaacctg
Gaacaggtcgacgtcgtcaaggggeecgatteggtattttecegggegeggeggegeegge
Ggaagcatcaacctegtcaccaagacgccecaggaaccaggatttcaccgaagtecaggee
Ggcatcgggacggccgagacctaccgaggeaccatagacggcaactgggtgetgggegag
RAacacggcgetgegectcaacctgetgggeaccagggacacegtgecgggeegegacaag
Geggtegagttcagecgegtgggtatcgegecatcgetgegectgggectgageggecee
Acccgegtgacgetgggectgtaccactatecgecacecggegggtteccgattattegatt
Ccgtacgatccgegecaccggecacgecgatecaccgagaccatecggegt cagecegecgeaac
Ttctacggectggtgeggegegactceggegataccgaggactacgeecgecacegtcaaa
Tgggagcacgacctcgecaatggettcaaggtggagaacctggegegetactegegtgee
Acggtggagcagatcaccaccatgcccgaactgaaaaccgecgatctggeccaaggggetyg
Gtgtaccgecaatctgegegecagctaccaggt caacgacagtttcgecaaccgecacegac
Ctgcgeggtacattecgacacggggecagtggegecataccttegatetgggeggggagtte
Gececaccagecggegcagtegegacegetacaagcaagaaatcecccgacgecgecagtect
Tgctegecegtgacggacggcaacaatceegecctgtgegectegeteegggateceggat
Ccgcacgtggatttccegggaacggtgeggegcaaccataacceggecegctaccacace
Gacatcctgtcectgtacggtttcecgacaccatecgecttecgacgagecagtggcagetgaat
Ctcggectgegetgggaccactacaagaccageggacgeaacctgeeggtacgaggegee
Aagccgcccgtetacgagegtgecgegegecacegacaacctgttcaactaccagetegge
Ctggtctacaagcctegtecggacggeteggtgtatgegagttacggecacggegtecacy
Ccgteggeegtgtecgactacgeccecggeggacageatetccggcacaagecagecagete
Aagccggagegcagcgaggcgatcgagatcgggaccaagtggecaggtgetggaceggegyg
Ctgctggtgacgggcgecatgttececgegagacgegecaagaacaccageatcgaagtegec
Gaaggcctgegegeaccagecggcaagagecgegtcaccggcatggagetgggegtggeg
Ggcagcectgacgccgegetgggacgtctacggeggetacgegetgetcgacagecaagety
Gtcagggccagccataagagcggggcgcaaggccageegetgeccagegegeceecggeac
Gecattcagecatctggageacctacaagetgetgeccggaactgaccgtgggggeeggegey
Ttctatcgcagcaaggtctatggcaacgcagatgeceggetacaacaaggacggecacgece
Aaggcgegetgggtgecggegtactggegettegacgecatggeggegtaccagettaac
Aagcaccttacggceccagttgaacgtctacaacctgetecgacaagacctattacgeccaag
Acctacecgeagcecattacgeggegetgggeccggggeggtcecgecatgetgacgttcaag
ctgagctactga

SEQ ID NO:14 polypeptide sequence of Orf7

MKFYSSHPMPESLAAAIAVPLLGLLPAAQAASTAVQLPSVTVEGEYSSYQPESAQSPKEFT
APLADTPRTVQVIPERLIQDQGASDLEAVLRNAPGISMTAGEGGRPASDLPFIRGONSAS
SLFVDGLRDPSTQSRDTFNLEQVDVVKGPDSVFSGRGGAGGS INLVTKTPRNQDFTEVQA
GIGTAETYRGTIDGNWVLGENTALRLNLLGTRDTVPGRDKAVEF SRVGIAPSLRLGLSGP
TRVTLGLYHYRHRRVPDYSIPYDPRTGTPITETIGVSRRNFYGLVRRDSGDTEDYAATVK
WEHDLANGFKVENLARYSRATVEQI TTMPELKTADLAKGLVYRNLRASYQVNDSFANRTD
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LREGTFDTCQWRHTFDLGGEFATSRRSRDRYKQEI PDAASPCSPVTDGNNPALCASLRDPD
PHVDFPGTVRRNHNPARYHTDILSLYGFDTIAFDEQWQLNLGLRWDHYKTSGRNLPVRGA
KPPVYERAARTDNLFNYQLGLVYKPRPDGSVYASYGTASTPSAVSDYAPADSISGTSQQL
KPERSEAIEIGTKWQVLDRRLLVTGAMFRETRKNTSIEVAEGLRAPAGKSRVTGMELGVA
GSLTPRWDVYGGEYALLDSKLVRASHKSGAQGQOPLPSAPRHAFSIWSTYKLLPELTVGAGA
FYRSKVYGNADAGYNKDGTPKARWVPAYWRFDAMAAYQLNKHLTAQLNVYNLLDKTYYAK
TYRSHYAALGPGRSAMLTFKLSY

SEQ ID NO:15 polynucleotide sequence of Orf8

Atggagaagccgttgaaatccectggactegtattcagegagecacgetegecaactegetg
Gecegecgecattgeggtgeeggecctgtgectgatgeecggtgectcaggecacagaccage
Gcgggegttacccaattggegecggtgecaggtagagggegaagegteceectatecaggee
Accaccgtccagtcegteccaagatgacggegeccttgetggatacgeccaggacegtgeag
Gtcgtgccgecagcaggtcatccaggaccaggecgecaccaatctgecaggacgtgetgege
Aactcgccgggcatcaccatgggegecggegagggegggegegecggeggegacetgece
Atcatcecggggecagaatgeggegggeageatcttegtegacggegtgegegaccecage
Acccagatacgcgatacgttcaacctggagcaggtcgagatcatcaaggggectgatteg
Gtctactceggecgeggeggagecggeggcagcatecaacctggtcagcaagacgecgaag
Gegegegacttegecgagggctecggtgeagateggeaccgacageaattacecgegecace
Geegacggeaactggetgetgggegacaacgecgecttecgectgaacctgatgggcaac
Aagggcgacgtgececgggecgegaccatgeggtegatttcagecgetggggegtggegece
Accctgcaactgggegtgggcacgceccacccgeatcaccectggggtactaccactaccag
Gatgacagcatgcccgattacgegatccegtacgatcecgaagteggggecageeggteace
Gagacccagggcgtcagccgcaagaatttctacgggetgaccggecgegacttcatgaag
Tcgegegacgacgtggecacgetggecategatcacgatttcageagecaagectgegectyg
Cgcaacgtcaccecgctacgggegeteggtgaccgactacgecgecaccaatccggatgac
Agcaagggcaacgtgcccaacgggetggtgtaccgggegetgaaggegggctactacace
Aacaagacgttcaccaaccagaccgacctgageggegaattecgagacgggecagectgeag
Cactcgttegacgtgggettegagtacagecaacatcaagecaggacaaggactcegtatace
Cagactatcgccaagggegegatgecttgecaaggtgggegecaacgatgecageaatecy
Geettgtgeacctegetgtgggatceggateccgeatgactattatceecggecacctgteyg
Cgcaacgacaacccggcccgcetatteccaccgacacgatcgegetctacggettegacacg
Atcaagttcaacgagcaatggcaggccagegteggactgegttgggacaattaccegegta
Agcggcagcaatatcgeccgeggeegecaacgatccecgecageacgeeggegttetacage
Accagccgcgaagacaatctgtitcaattaccagetgggectggectacaageecggtgece
Racggcacgatctacgcctegtatggcacctegtegacgeegteggecgtegeeggeteg
Aacgtgagcgacgcecgtgacggtgagcaacgagtegectggegeeggagaaaagecgeaca
Gtcgaggtcggcaccaagtggcaattgttecgacgaccgectgacectgtegggegegttg
Ttccaggacatcegecaagaacaccagegtggeegtgtcggegaccgaaacggagcagatce
Ggcaaggccaaggtgecgeggcatcgaactgggettetecgggeagecatcacgeccaagtgg
Racgtctacggcggetataccttcatggacagcgaactggtcgagggegectacaacage
Ggcgeggtgggecaggacctgeccaacacgecgegeaatgecttecagectgtggaccace
Tacaagctggtgectcagetgaccgtgggeggeggegeectattacgtggacaaggtatat
Ggcaacgcggacaacggtcgcaatgecgacggcacgecgaaggegegetgggtacegteyg
Tactggeogcttegacgecatggeegegtacgagttcaacgaccacctgacegegeagete
Racgtgatgaacatcttcegacaagacgtactacaccaaggectacgeggegcactacgeyg
gcgetgggcacgggecgegecgeggtgetgtegttcaatatcaagtattga

SEQ ID NO:16 polypeptide sequence of Orf8

MEKPLKSLDSYSASTLANSLAAAIAVPALCLMPGAQAQTSAGVTQLAPVQVEGEASPYQA
TTVQSSKMTAPLLDTPRTVQVVPQQVIQDOAATNLQDVLRNS PGI TMGAGEGGRAGGDLP
IIRGQNAAGSIFVDGVRDPSTQIRDTFNLEQVEI IKGPDSVYSGRGGAGGSINLVSKTPK
ARDFAEGSVQIGTDSNYRATADGNWLLGDNAAFRLNLMGNKGDVPGRDHAVDFSRWGVAP
TLOLGVGTPTRITLGY YHYQDDSMPDYAIPYDPKSGQPVTETQGVSRKNFYGLTGRDFMK
SRDDVATLAIDHDFSSKLRLRNVTRYGRSVTDYAATNPDDSKGNVPNGLVYRALKAGYYT
NKTFTNQTDLSGEFETGSLQHSFDVGFEYSNIKQDKDSYTQTIAKGAMPCKVGANDASNP
ALCTSLWDPDPHDYYPGHLSRNDNPARYSTDT IALYGFDTIKFNEQWQASVGLRWDNYRV
SGSNIARGRNDPASTPAFYSTSREDNLFNYQLGLAYKPVPNGTIYASYGTSSTPSAVAGS
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NVSDAVIVSNESLAPEKSRTVEVGTKWQLFDDRLTLSGALFQDIRKNTSVAVSATETEQIL
GKAKVRGIELGFSGSITPKWNVYGGYTFMDSELVEGAYNSGAVGODLPNTPRNAFSLWTT
YKLVPQLTVGGGAYYVDKVYGNADNGRNADGT PKARWVPS YWRFDAMAAYEFNDHLTAQL
NVMNIFDKTYYTKAYAAHYAALGTGRAAVLSFNIKY

SEQ ID NO:17 polynucleotide sequence of Orf9

Ttgcatactcgecacgccacageggcagegeceggtcgegeegegeetgetgeatectateg
Ctggccgectegetggeggecggegecgacacaggegcagacegecaccgaageceaccace
Ctgcccaccgtgecaggtcaccggecaggggegagaccgecaceggeccggtcgacggetat
gccgcecacgcegcagegecaccgecaccaagacegataccecgetgteggaaaceececgeag
gcecgtcacggtgatcecegegegagcagat catcgaccagggegegcagaacgtgecaggac
accatgaactacgcecgegggggtgegeeccaacgectatggegtggacaacegeggegac
tacgtgegggtgegeggggtggagecggtccagtatctecgacggectgaagecagttette
aactacaacaatccgcgecaccgaggtctacgggetecgagegegtcgaagtectgegegge
ccggectegatgetgtacggeccagggcagecaceggeggcgtggtcaacctegtcageaag
cggcegcagecegaggcecatgegegagatcggegtgacegtgggcaaccacaaccgeaag
gagatccaggccegatctcacceggececgetgacecgaggacggeacctggetgtaccaggtyg
gtggcccteggacgegacagcgacacgcaggtccagtacaccaaggacgaccgeatgatg
ctcgegecgtegetgacctggcageccagegeegecacctegetgacgetgecaggectac
tggcagaaggacaagtcgggcacgacccaggecttectgeectggageggecacggtecage
ggcaaccccaacggcegeatccccacccgccgettocaccagegaacceggettegacege
tacgacaccgagcaattcagegtgggetggecagttcgagecacaagttcaacgacaactgyg
aaagtgcgccagaacctgegecacacatccagcaaggtecgactacagecacgetgtatecg
gcggtctacggeaaccccgacaatccetteatecgacgecgaccagegegtggtcaatege
tacctgtacatcaagaaccecgegeatgegttecttgetggecgaccagaacctegaagge
aaggtgaactggggccgcgccgaacatacccectgetgatgggegtggactacagecgetat
cgcgagaccggcgagaccggcagegggt tcggegegecgetggacctgtaccageeggte
tacggcaccctgececgactatgecatgtcggacgtgeccaagaacaagecagcagecagate
ggcgtctacctgecaggaccagatcaagttcecgacegcaactggategtggtggegggectyg
cgccacgaccegegtegecaacagegtcgagggegecgacaaggaaaccgacaacgecaca
accaagcggctgggectgatgtacgecgecgacaacggetggtegecctacctecagetac
agcgagtcgttcacccccatcgecggecaccegacaacageggcaaccgetgggtgecgaty
cgcggcaagceaatgggaagcaggectgaagtacatgecgecaggacaceggetatgaggec
accctggcggectacgacctgegecgagegecaacegecagaccaacgaccegtcegatece
accaaccaggtgcagaccggcaagaccaagacgcgeggeatecgaactggaattecgegge
cgcgtcacgcegcagatggatgtgatecgecaactacaactacaccgacatcgaccegeag
ctcgaaggccectgeccaagecacacgttetegetgtggagecaaatacecggttcagegtggge
gatgtgecatggetttgeegeeggegeecggegtgegetacctgaacgegttt cgegacggy
tcegegeccgagaceggeteggtggecctgttegacgecatgetcagetacgacaceggt
tegtggcegetatgegctgaacgtcgecaacategecgacaagacctacgaggtggtgtge
ctgcggegeggegattgettetacggecagegeegeacggtcaccectgagegecatgtac
cgcttctag

SEQ ID NO:18 polypeptide sequence of Orf9

LHTRTPQRQRPVAPRLLHLSLAASLAAGAAQAQTATEATTLPTVQVIGRGETATGPVDGY
AATRSATATKTDTPLSETPQAVTVIPREQI IDQGAQNVODTMNYAAGVRPNAYGVDNRGD
YVRVRGVEPVQYLDGLKQFFNYNNPRTEVYGLERVEVLRGPASMLYGQGSTGGVVNLVSK
RPQPEAMREIGVTVGNHNRKEIQADLTGPLTEDGTWLYQVVALGRDSDTQVQYTKDDRMM
LAPSLTWQPSAATSLTLQAYWQKDKSGTTQAFLPWSGTVSGNPNGRIPTRRFTSEPGFDR
YDTEQFSVGWQFEHKFNDNWKVRQNLRHTSSKVDYSTLYPAVYGNPDNPFIDADQRVVNR
YLYTIKNPRMRSLLADQNLEGKVNWGRAEHTLLMGVDYSRYRETGETGSGFGAPLDLYQPV
YGTLPDYAMSDVPKNKQQQIGVYLODQIKFDRNWIVVAGLRHDRVANSVEGADKETDNAT
TKRLGLMYAADNGWSPYLSYSESFTPIAGTDNSGNRWVPMRGKQWEAGLKYMPQDTGYEA
TLAAYDLRERNRQTNDPSDPTNQVQTGKTKTRGIELEFRGRVTPQMDVIANYNYTDIDPQ
LEGLPKHTFSLWSKYRFSVGDVHGFAAGAGVRYLNAFRDGSAPETGSVALFDAMLSYDTG
SWRYALNVANIADKTYEVVCLRRGDCFYGQRRTVITLSAMYRF

SEQ ID NO:19 polynucleotide sequence of Orf10
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Atggtttacgcttgegatecagggcgeccgecgegecegtcececgegecgeccaaggcgeced
Caaacggcactggccatgegeggegegetggeggeatgegeactggecggtacgetggeg
Geegceteccgcegecgegeagecgacggeggegeccgeat cggecgggegegegegectgg
cacatcgacgceggccccecctgggegaggecctggegegetttgecgaccaggecggeatt
accctgctgtacgacceegecgeggtgegeggecgegecagegecggectgeaaggegty
tacteggtgccecgacggectggegegectgetegatggecageggectggacgegegecag
cgcggegccggcacctacgtgetgecaggegetgecegeecggeceggtcgeccagetggeg
ceggteaccategaggetgacggegtgegegecgateccgectgggecegecacegecacy
cgcecgegagctegacgegegecaggtgetegactggagegatatcggecaagegegtegat
ccecggegtceaactacaaccgcegcaccaagageatcaacatcegeggectggacgaaaac
cgcegtggtcacgegecatcgacggecatcegectgecetggetegacgacggegegegegge
atccagggcgggctgaacgeggtggactteaacaccctgtegegectggacgtegtgege
ggcgcegacteccagegeggecggetcecggegegetgggeggectggeagacetgegeacy
ctecgaaccegecgacctgetgegegacgggegeecgetteggegegetggecaagtcegac
tatgacteggeccgacgeccagetggggectgaacgeggecctggecgggeaggtecacgac
gacaccagcetggcetgttgeaggegggcacecgecaatgggecacgacctggacaaccgeged
gacacgggcggctacggcagecaagecgcagecageccagececgaggactacgeccagaac
aacttcctgctcaagctgecagcagegeatcgacggeggecategectcggectgacggge
gaatacttcaagegecegegecgacctegaccagatgtaccagecagggegecggeaccage
taccagtacggcgecaaccgecacccacgaggaaaccacgegeaagegegtetegetggac
taccagtacaacgcccecgcaggecggegecgegat cgacagegecegggecatggtgtat
tggcagecggetgeggetggacagetcgeaggacgecegecgeacgaegegacgggcgegec
tacgccegecccggegacecegtacttectacggetacceccageggeccectacgggegecage
aactcgatccaggaatcgatccteggegtcaacggegageteteccagecgettegaaggc
atggtgtcecgcagegegtgacgataggecggegaatggtacggcaaccgecaccgageagtac
tcggacggcetacgacaactgeccegecatececgeccggecacgeecgegecgatggggecyg
cgcectgtgegacatgetgecataccaaccaggecegacatgecececgggt caagggecagecag
tgggccatctgggegecaggacgaaategecttegecgacgggegetacatcctgaceceg
tecactgegctacgaccattacgagcagaagecgecagcaaggcggecggetaccagaacaac
cccaacgecggegegetgecgecgtegtegteggggggeegettctegeccaagetgetyg
ggcacctggaaggegegegaggegetgacgetgtatgegeaatacggetteggetaccgg
gegecgteggeccaccgagetgtacaccaactacggeggecegggaacctatetgegegtyg
ggcaatccctecttgaagececcgagaccagecaagggetgggaactgggegecegectggge
gacgaccagttgggaggcgecgtategetgttcgacaaccgectaccagaacttcategac
aagaacgtgccgetgggcaagggttegecgeaatggeageceggectgggacggeecagtac
ccgcetgggegtcaccgggctggecaaccgggegegegtgegeatctatggegecgaagec
tecggegeactggeggttegegeccaactggegeacctggggetegetggectgggeegty
ggcaaggacgaaaacaccggccagcacctgaatteggtgecgecgetcaaggecatecte
ggcctgggctaccagcgegacgaatggggeatcgacgecatgetgacggeecgecacgege
cgcgacgacgtgecaataccecgaggectcegecagegegegetacgecgattteccaggee
ccgggetacggegtggtggatcetgteecgectactggegeceggecgecgt caagggecty
cagctgeaggcgggcegtgttcaacctgttecgacaagaaatactgggaagecatcaacgtg
cccacggcgggtgecattgegattecgegacegttagactggtacaacgagecaggecge
agcgtgegegtategttgacctaccagtattga

SEQ ID NO:20 polypeptide sequence of Orf10

MVYACDQGARRARPAPPRRPQTALAMRGALAACALAGTLAAAPARAQPTAAPASAGARAW
HIDAGPLGEALARFADQAGITLLYDPAAVRGRASAGLQGVYSVPDGLARLLDGSGLDARQ
RGAGTYVLQALPAGPVAQLAPVTIEADGVRADPAWARTATRRELDARQVLDWSDIGKRVD
PGVNYNRRTKSINIRGLDENRVVTRIDGIRLPWLDDGARGIQGGLNAVDFNTLSRLDVVR
GADSSAAGSGALGGLADLRTLEPADLLRDGRRFGALAKSDYDSADASWGLNAALAGQVHD
DTSWLLOAGTRNGHDLDNRADTGGYGSKRSQPSPEDYAQNNFLLKLQQRIDGGHRLGLTG
EYFKRRADLDOMYQQGAGTSYQYGANRTHEETTRKRVSLDYQYNAPQAGAAIDSARAMVY
WQRLRLDSSQDARRTRDGRAYARPGDPYFYGYPSGPYGRSNSIQESILGVNGELSSRFEG
MVSQRVTIGGEWYGNRTEQYSDGYDNCPAI PPGTPAPMGPRLCDMLHTNQADMPRVKGSQ
WAIWAQDEIAFADGRYILTPSLRYDHYEQKPQQGGGYQONNPNAGALPPSSSGERFSPKLL
GTWKAREALTLYAQYGFGYRAPSATELYTNYGGPGTYLRVGNPSLKPETSKGWELGARLG
DDQLGGAVSLFDNRYQNF IDKNVPLGKGSPQWQPAWDGQYPLGVTGLANRARVRIYGAEA
SAHWRFAPNWRTWGSLAWAVGKDENTGQHLNSVPPLKAILGLGYQRDEWGIDAMLTAATR
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RDDVQYPEASASARYADFQAPGYGVVDLSAYWRPAAVKGLQLQAGVFNLFDKKYWEAINV
PTAGAIAIPRPLDWYNEPGRSVRVSLTYQY

SEQ ID NO:21 polynucleotide sequence of Orfl1

Ttgcggcecgggocggeggegegecgegegetgecegt catcgacatgecegecggetgec
Ggcgeggegecacaacgtgtgatcatgaaacagacttecetttactacgecacccectggge
Ctggtcggactggegetggecgegeecgegegegegecaggagcaatecgetteceegtecaa
ctecgegeeggtggtegtgecatggegegecegaggecaacggeccgetgaatetegacgeg
gtcgacagcaccggcagecegectgggcectgacectgegegagacgeccgecteggtgace
gtcatcaaccgcgagcagatcgaggcegegeggegegectecgacacgecaggaaategeeege
ggcategtcecggegtggacaatgectegecgeceggeteggecggcteggtgagetaccege
ggtttctegggttegecaggtcagecagttgttcaacggeattteggtgecagtacgacgtyg
gtcgeegegegteegatecgacagetggatetacgacegegtcgaagecatcggegggecy
tcecagettectgtteggegegggegeggtgggeggegecatcaactacgtgaccaaggtyg
gcgecagegegatacgttcetacgacggecagetgegectgggttegtacggegegegecag
gcatcecgtgggecttaaccggcaattggeeggegageegggegggcgeggecagtacctg
cgcatcgacgccaacgccaacgegagcgacggectgggtecgacggecaategetecgeacgec
gagcaggtggcggectcecgetgetgteggacctgggegaacgegtgacccatacgetggeyg
ctggagtaccagcacgagatggtgecaccggcettactggggtacgecgetgaccacecgac
ggcgacggegtggtgegeggegaaggecacatcecgeggegggacgegetggaagaactac
aacgtcgacgacggccggtacgagcaatcggtgtggtggetgegttegetgaccgaatgg
caggccagegaccgectgagtttecegcaatacgetgtactactatcgegecgatcegegat
ttccagaacctcecgagacctaccgetacaaccegggcaacagecaggtgetgegetecgge
gcgectgetgecagegecacgagecagegeectgetgggcaaccecgeatcgaaggectgtaccac
ggcagcetgggeggectgegecagegactggtegttcggegecgactacagegtcaaccge
cagacgcgctaccccaccagegtggecgggcaagtcgatagegtggaccegtacgagttce
gacccecgggegagttetacgacattecegggecatgeggegecggecacgtgecegaccgegac
aacaaggtgcgcacgctggectteoatgetggaaaacegecaccgaagtgggeggeggggtc
gcgetggtgacggetetgeggeacgacatcatcgacctggacctgaccaaccggegegeyg
gcecagegeggcettegecegggeacgectegegecgetacaaccegaccacggggegegte
gcegteaattgggaggtcagtcececggegegacectgtacgegecaatacgecaccgecgec
gacccgecttecggegtactgtecgacegegacettegecgatgtgetgaacaacgacaag
ctgaccaccggcacecaggtegaggecggeggeaagttegegttetgggacggeegegge
acggcgaccgtggeggtctacgagatcaagecgcaagaacctegecacgecegatececte
aaccccggeagceagcectgeeggtgggecagecagtctgecegegggectggagetggeegge
ggattgcagttgacgcgcgecttgtegetgecaggecaacctggegetggtegacececege
tatgacgatttctecgecagaacgteggegagggtggeggtctegegecaacggecaaggtgeeg
gtcaacacgccgegecggetggecaacgtgtggetggactacgecttegegecegactgyg
cgcgccagcctggeggegegecacgtgggecaagacctatgeggacgeggecaatacggtyg
tgggcgeecggectatacegtgttegacgeggegetgtcgeatcgeategacegecattte
agcgtgacggegegggtgegecaacctgaccgacaaggtetatgecgecagegtgacegge
gecgeccatgtattacctgggegegeecgegecagegtcgaactegegetgecaggegegette
tga

SEQ ID NO:22 polypeptide sequence of Orfl1

LRPGRRRAARCPSSTCPPAAGAAPQRVIMKQTSLYYATLGLVGLALAAPARAQEQSLPVQ
LAPVVVHGAPEANGPLNLDAVDSTGSRLGLTLRETPASVTVINREQIEARGALDTQEIAR
GIVGVDNASPPGSAGSVSYRGFSGSQVSQLFNGISVQYDVVAARPIDSWIYDRVEAIGGP
SSFLFGAGAVGGAINYVTKVAQRDTFYDGQLRLGSYGARQASVGLNRQLAGEPGGRGQYL
RIDANANASDGWVDGNRSHAEQVAASLLSDLGERVIHTLALEYQHEMVHRPYWGTPLTTD
GDGVVRGEGHIRGGTRWKNYNVDDGRYEQSVWWLRSLTEWQASDRLSFRNTLYYYRADRD
FONLETYRYNPGNSQVLRSGALLORHEQRLLGNRIEGLYHGSLGGLRSDWSFGADYSVNR
QTRYPTSVAGQVDSVDPYEFDPGEFYDIPGMRRGHVPDRDNKVRTLAFMLENRTEVGGGV
ALVTALRHDIIDLDLTNRRAASAASPGHASRRYNPTTGRVAVNWEVSPGATLYAQYATAA
DPPSGVLSTATFADVLNNDKLTTGTQVEAGGKFAFWDGRGTATVAVYEIKRKNLATPDPL
NPGSSLPVGSQSARGLELAGGLQLTRALSLQANLALVDPRYDDFSQNVGGVAVSRNGKVP
VNTPRRLANVWLDYAFAPDWRASLAARHVGKTYADAANTVWAPAYTVFDAALSHRIDRHF
SVTARVRNLTDKVYAASVTGAPMYYLGAPRSVELALQARF

122



WO 2005/032584 PCT/EP2004/011082

SEQ ID NO:23 polynucleotide sequence of Orf12

Atgaaatccegctcactecggegetgegeeggtgtectggectgtgtegeteegttggee
Ggccacgeccaggecggegecgecgecggecaacccatccecgaactegateceggtegta
Gtcaccgecgegegategecccagetgctecaagaatgtgetggecgacgecagegtgate
gagcgcgatacgctggegegegecggccagtccagectggecgaagtgetggegeageag
cacggcatcgaattecgecagacageggeggeeccgcaaagegtcaccagectgtteatgege
ggcgccaacagcaaccagaccctggtectgctcaacggecagegecatcaacaacgecaac
ggecggeggeat tgegetcaacgegetgcegecggaagecatecgaacgcatecgagateatyg
cgtggegeggecagcagectgtacggggcegacgegatecggeggegtgatcaacateatt
acccgegagecgggegacaaggegetgteggectatgecaacgeeggttacggeacctac
ggcaccagcegctacgacgecceggegtctcgggegeggecgacggcttcagetacagectg
tcecaccggctatggccagagecatggettcaacgecaccaaccgeegetegttetegtac
aacccggacaaggacagctactaccagaactacgccaccggecacgctgggectacgaatgg
cggcccgageagaaagtggtggegecaggtcetaccgecagecgeatcaacggcggetacgac
gccteggectegtacgactacaacgaccgctacatccaggacctgeaggectattegetg
gccagcgaaaaccgcctgaccagetactggaagagcacgetgegegecggetatgtggaa
gacaagaacgattcgcgcegecgaaggcatgttegaagacaacaacacgegettecggace
cgccagatgecagtacctgtggcagaacgacttcaccctggecgecggecagacgetgacg
ctggectacgagecacctggaccagegegecgacggecagatgagecacegecaceggeate
ggcaactacaccgagacgcgcecgccacgtgaactegtacaccggegtctacctgggegat
ttecggececgecaccatgtgecaggecageetgegeaacgacaacaactegecagtteggeage
cacaccaccggcggectggectacgggttecgacctgacgeccaacctgegegecacegtyg
geccgecaacacgggctttecgggegecgtegttecaacgatetgtacacgecgaccagegeg
ttcggetategeggecaacceocgacetcaagecggaagagtcgegecaacgeegagatcgge
ctgaaataccaggacgaggacagcgaactgggegtggtgtattaccagacccgecatcaag
aacctgatccaggtgaccgaggacttcagcacggtcgagaacgtcgggegegecegectyg
caaggcttcaccatcageggegegceaccgetteggecaacacgegectgegegecagectg
gacctgagcaacccgegcaacgaagacaccggceaagcaattgetgegeecgegeeegeacy
gtgctgegegecggeatecgaccategettegacegectgetggtgggegecgagtggtac
gecteoggacgagegetacgactacggettececcegaggaaaagegectgggeggetacgge
ctggtcaacctgaccgeggectacgacctgagecgcaacatgecaggtgecaggtgegetgg
aacaacgtgctceggeccagcegcetacaccttggecegacggetacaacacggecggetegaac
geccttegtcaaccegtegtggegeatgtag

SEQ ID NO:24 polypeptide sequence of Orfl2

MKSRSLRRCAGVLACVAPLAGHAQAGAAAGQPIPELDPVVVTAARSPQLLKNVLADASVI
ERDTLARAGQSSLAEVLAQQHGIEFADSGGPQSVTSLFMRGANSNQTLVLLNGQRINNAN
GGGIALNALPPEAIERIEIMRGAASSLYGADAIGGVINIITREPGDKALSAYANAGYGTY
GTSRYDAGVSGAADGFSYSLSTGYGQSHGFNATNRRSFSYNPDKDSYYQNYATGTLGYEW
RPEQKVVAQVYRSRINGGYDASASYDYNDRYIQDLQAYSLASENRLTRYWKSTLRAGYVE
DKNDSRAEGMFEDNNTRFRTROMQOYLWQNDFTLAAGQTLTLAYEHLDQRADGOMSTATGT
GNYTETRRHVNSYTGVYLGDFGRHHVQASLRNDNNSQFGSHTTGGLAYGFDLTPNLRATV
AANTGFRAPSFNDLYTPTSAFGYRGNPDLKPEESRNAEIGLKYQDEDSELGVVYYQTRIK
NLIQVTEDFSTVENVGRARLQGFTISGAHRFGNTRLRASLDLSNPRNEDTGKQLLRRART
VLRAGIDHRFDRLLVGAEWYASDERYDYGFPEEKRLGGYGLVNLTAAYDLSRNMQVQVRW
NNVLGQRYTLADGYNTAGSNAFVNPSWRM

SEQ ID NO:25 polynucleotide sequence of Orfl13

Atgattccaccttgecgettatecectgateceggegetggecgecatggegetggecagge
Geetttocegegecgageggggecgegeeggctgaattggegeccategeggtecategge
Gacgatccecgacgatccgegggtattecgaaggecagcaccgccaccecgtacegecacaccg
ctgcgggaggtgccgecagacggtcgacaccgtgaaggtgeccggacgecctgaactatgge
gegegecacgctgggegaggegetggecggegtgeccaatgtcaccgacgecagegatace
cgcttecgacggcettgegecatacgegggttecgacgecggecagegacttectacctggacggg
gtgcgecgatgacagccagtacgtgegegacctgecacaacatcgagegeategaggtgete
aaggggccggecggegttetgtacggecgeggeagecagggeggeategtcaategggtyg

123



WO 2005/032584 PCT/EP2004/011082

agcaaggcgeccgggeegggecgegettcecacectcgaagtecggetgggeggegaggac
tttcgeagectgtacgecgacctgagegeggacccttecegacacggtcageetgegectyg
aacgtgggcggcgagaatgcgggcagtttcaggcacggggtcagctcgcgccgccgcctg
gcgtcgecegecttggegtggegeattacgecacggetegattggetggegeagtacgaa
cacagccgctacgaccgcgtgcccgaccgcggcattccctcggtggacggccggcccgcg
ceggtegggegetcgaccgtctacggegacccegggegegacaatategacgategggte
caggtgctgcgctcgcgcctgcgctaccgggcggccaatggatgggagctgcgccatacc
ctgtcgacgttccggctgcatagcgatttcgacaacacctatctgtccggctggcgcgcc
gagaccgggctggtgcaacgccagcgctggcagcagcacctgcgcgcccggcatctttac
aacgtcttcgaggccgagggcacgttcgccaccggctggctcgaacaccgcttgctggcc
ggcgtegagetgggeagccagcategegat ccgacgetgecaccgegcggecaccaaagge
cccggcgcgcagccggtgcccgggctggcgctgcaccaccccgacttgagccagcagcac
cacggccgcatggagcgcgccagcgatgcgcgtcaccgcgtgcgtacgcaaggctactac
ttgcaggatcaactgcgattgagcgagtcctggcaggtggtggcgggcgcgcgcctggac
cggttcggggtgcgcacgcgcaatcgcctgctgggcctggaaggcagccgtggcgaccgc
agtgtgagtccgcgcctgggagtggtctggacgccctggccggcgcacgcgttctacgcg
tcgtacagcaagactttectegeecaccggeggeggeaccataggeatcacgecggacgeg
cggggcaacgccaatgatctgccgcccgaacatacgcgccagtacgaagccggggtcaag
agcgactggctggacgggcgcctgagcaccatgctggccgtctaccagctcgaactctac
aaccgccgcacgcgcgcgccccacgatcccacgcggatactcctgacgggcctgcagcgc
tegcegeggectggaaatgageggggeggggeggcetagetgtgaagattcaatag

SEQ ID NO:26 polypeptide sequence of Orf13

MIPPCRLSLIPALAAMALAGAFPAPSGAAPAELAPIAVIGDDPDDPRVFEGSTATRTATP
LREVPQTVDTVKVPDALNYGARTLGEALAGVPNVIDASDTRFDGLRIRGFDAGSDFYLDG
VRDDSQYVRDLENIERIEVLKGPAGVLYGRGSQGGIVNRVSKAPGPGRASTLEVRLGGED
FRSLYADLSADPSDTVSLRLNVGGENAGSFRHGVSSRRRLASPALAWRITPRLDWLAQYE
HSRYDRVPDRGIPSVDGRPAPVGRSTVYGDPGRDNIDDRVQVLRSRLRYRAANGWELRHT
LSTFRLHSDFDNTYLSGWRAETGLVQRQRWQQHLRARHLYNVFEAEGTFATGWLEHRLLA
QVELGSOHRDPTLHRAATKGPGAQPVPGLALHHPDLSQQHHGRMERASDARHRVRTQGYY
LODOLRLSESWQVVAGARLDRFGVRTRNRLLGLEGSRGDRSVSPRLGVVWI PWPAHAFYA
SYSKTFSPTGGETIGITPDARGNANDLPPEHTRQYEAGVKSDWLDGRLSTMLAVYQLELY
NRRTRAPHDPTRIDLLTGLORSRGLEMSGAGRLAVKIQ

SEQ ID NO:27 polynucleotide sequence of Orf14

Atgaacacgctgegacgcectgegeateactgggegecgecgecacgetgggegggccggee
Gccgcgcaggaggcgcccgccatgctggagccggtgcgcatcagcggcacgcgcaccggc
Acctcggtgctegatacgeecgegtecgtggacgtggtcgatggecacgagetgegegeg
Cgcaacctgcaggtcaacctgtccgaaggcttggccggcgtgcccggactgcagctgcag
Aaccgccagaattacgegecaggacctgeagetgtegatacgeggctteggegegegetey
Acctteggegtgegeggegtgeggetgtacgtggacggeatecceggecaccatgecegac
chcagggccagacctcgaacatcgacatcggctcggccggccgcgtggaagtgctgcgc
Ggeccgttoteggecctgtacggecaattegtegggeggegtggtgeaggtgttcaccgaa
Cagggcagcgatccgcccgaggcgacgggcagcgcggcggcgggcagcttcggcacctgg
Cgctacggcgccaagctgegeggegecagegeggeagacggeetggattacgtgetggac
Ttcaatcogcetteacgaccgagggetategegaccacagegeecgegegeaagaacctgggce
Aacgcgcggctgggcctgcgcatggacgacggcagccgcctgacgctgagcgccaaccac
Gtggacctgaccgegcaggatcegetgggectgacgegegagecaattegaggacgacecyg
Cgcagegegecggtggecgagegettecgatacgegeaagaccgtgegececagaccecaggge
chctgctgtacgagcgcgccttcgacacgcgcaacgacctgcgcgtgatgctgtactac
Ggacaacgccgcaccacgcaataccaatccatcceggtggeecgtgecagcaaagececcacy
Caggccggcggcgtgatcgacctgggccgcgactacggcggcgccgacctacgctggacc
Tcgcgccagcaggtggccggcctgccgctgaccctgatcggcggactggcctatgacacc
Atgaaggagcagcgccgeggctacgacaactacaceggecegeacgetgegeccacegge
Catgggcgtcaagggcgcgttgcggcgcgacgagaccaacacggtctacaacctggaccc
Gtacctgcaggccteogtggeagttegecgagegetggacgetggacgeggggetgegeta
Cagcacggtgegettegactcggacgatcattaccaggegeccgggcaacggegacgacag
Cggacgcgccacctategeaaggecttgeeggtggeggegetgegetatgeggecaacga

124



WO 2005/032584 PCT/EP2004/011082

gaacctgagcctgtacgcctcgtacggacgcggcttcgagacgcccacgctcaatga

SEQ ID NO:28 polypeptide sequence of Orfi4

MNTLRRLRILGAAATLGGPAARQEAPAMLEPVRISGTRTGTSVLDTPASVDVVDGHELRA
RNLQVNLSEGLAGVPGLQLONRONYAQDLQLSIRGFGARSTFGVRGVRLYVDGIPATMPD
GQOGOTSNIDIGSAGRVEVLRGPFSALYGNSSGGVVQVFTEQGSDPPEATGSAAAGSFGTW
RYGAKLRGASAADGLDYVLDFNRFTTEGYRDHSAARKNLGNARLGLRMDDGSRLTLSANH
VDLTAQDPLGLTREQFEDDPRSAPVAERFDTRKTVRQTQGGLLYERAFDTRNDLRVMLYY
GQRRTTQYQSIPVAVQQSPTQAGGVIDLGRDYGGADLRWTSRQQVAGLPLTLIGGLAYDT
MKEQRRGYDNYTGPPAAPTGHGRQGRVAARRDQHGLQPGPVPAGLVAVRRALDAGRGAAL
OHGALRLGRSLPGAGQRRRORTRHLSQCLAGGGAALCGOREPEPVRLVRTRLRDAHAQ

SEQ ID NO:29 polynucleotide sequence of Orfl5

Atgaacatgtctctgtcacgcattgtcaaggcggcgcccctgcgccgcaccacgctggcc
Atggcgctgggcgcgctgggcgccgccccggcggcgcatgccgactggaacaaccagtcc
Atcgtcaagaccggtgagegecageatggeatccatatecagggetecgaccegggeggce
gtacggaccgccagcggaaccaccatcaaggtaagcggccgtcaggcccagggcatcctg
ctagaaaatccecgceggecgagetgeagttecggaacggecagtgt cacgtegtegggacag
ttgteegacgatggecatceggegetttetgggeacegtecacegtcaaggecggeaagety
gtcgccgatcacgccacgctggccaacgttggcgacacctgggacgacgacggcatcgcg
ctctatgtggccggcgaacaggcccaggccagcatcgccgacagcaccctgcagggcgct
ggcggcgtgcagatcgagcgcggcgccaatgtcacggtccaacgcagcgccatcgtcgac
gggggcttgcatatcggcgccctgcagtcattgcagccggaagaccttccgcccagccgg
gtggtgctgcgcgacaccaacgtgaccgccgtgcccgccagcggcgcgcccgcggcggtg
tctgtgttgggggecagtgagettacgetegacggegggeacatcaceggegggegggea
gcgggggtggcggccatgcaaggggcggtcgtgcatctgcagcgcgcgacgatacggcgc
ggggacgcgcctgccggcggtgcggttcccggcggtgcggttcccggtggtgcggttccc
ggcggcttcggtcccggcggcttcggtcccgtcctcgacggctggtatggcgtggacgta
tcgggetecagegtggagetcgeccagt cgategt cgaggegeeggagetgggcgecgea
atccgggtgggccgcggcgccagggtgacggtgtcgggcggcagcttgtccgcaccgcac
ggcaatgtcatcgagaccggcggcgcgcgtcgctttgcgcctcaagccgcgcccctgtcg
atcaccttgcaggccggcgcgcatgcccaggggaaagcgctgctgtaccgggtcctgccg
gagcccgtgaagctgacgctgaccgggggcgccgatgcgcagggcgacatcgtcgcgacg
gagctgccctecatteceggeacgtecgategggeegetegacgtggegetggecagecag
gcccgatggacgggcgctacccgcgcggtcgactcgctgtccatcgacaacgccacctgg
gtcatgacggacaactcgaacgtcggtgcgctacggctggccagcgacggcagcgtcgat
ttccagcagccggccgaagctgggcggttcaaggtcctgacggtcaatacgctggcgggt
tcggggctgttccgcatgaatgtcttcgcggacctggggctgagcgacaagctggtcgtc
atgcaggacgccagcggccagcacaggcetgtgggtccgeaacagecggcagegageecggec
agcgccaacaccctgctgctggtgcagacgccactaggcagcgcggcgacctttaccctt
gccaacaaggacggcaaggtcgatateggtacctategetategattggeegecaacgge
aatgggcagtggagectggtgggegcgaaggcgecgecggegeccaageecegegeecgeay
ccgggtecccagecgecgecagecgeegeagecgcagecggaagegecggegecgecaaccyg
ccggegggcagggagt tgtcegecgecgecaacgeggeggt caacacgggtggggtgggce
ctggccagcacgctctggtacgccgaaagcaatgcgttgtccaagcgcctgggcgagttg
cgcctgaatccggacgccggcggcgcctggggccgcggcttcgcgcaacgccagcagctg
gacaaccgcgcegggeggegettcgaccagaaggtggceggettegagetgggegecgac
cacgeggtggeggtggecggeggacgetggeacetgggegggetggeeggctatacgege
ggcgaccgcggcttcaccggcgacggcggcggccacaccgacagcgtgcatgtcgggggc
tatgccacatatatcgccgacageggtttctacctggacgegacgetgegegecageege
ctggagaatgacttcaaggtggegggcagegacgggtacgeggt caagggcaagtaccge
acccatggggtaggcgecteget cgaggegggecggegetttacccatgeegacggetgg
ttccetegagecgeaggecgagetggeggtattecgggeecggeggeggtgegtacegegey
gccaacggcctgegggtgegegacgaaggeggcageteggtgetgggtegeetgggecty
gaggtcggcaagegeategaactggecaggeggcaggcaggtgecagecatacatcaaggee
agcgtgctgcaggagttcgacggcgcgggtacggtacacaccaacggcatcgcgcaccgc
accgaactgecgeggecacgegegecgaactgggectgggeatggecgeegegetgggecge
ggccacagcctgtatgectegtacgagtactceccaagggcccgaagetggecatgeegtgg
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acctteccacgegggetaccggtacagetggtaa

SEQ ID NO:30 polypeptide sequence of Orfl15

MNMSLSRIVKAAPLRRTTLAMATL,GALGAAPAAHADWNNQSIVKTGERQHGIHIQGSDPGG
VRTASGTTIKVSGRQAQGILLENPAAELQFRNGSVTSSGQLSDDGIRRFLGTVITVKAGKL
VADHATLANVGDTWDDDGIALYVAGEQAQASIADSTLQGAGGVQIERGANVTVQRSAIVD
GGLHIGALQSLQPEDLPPSRVVLRDTNVTAVPASGAPAAVSVLGASELTLDGGHITGGRA
AGVAAMQGAVVHLQRATIRRGDAPAGGAVPGGAVPGGAVPGGFGPGGFGPVLDGWYGVDV
SGSSVELAQSIVEAPELGAAIRVGRGARVIVSGGSLSAPHGNVIETGGARRFAPQAAPLS
ITLQAGAHAQGKALLYRVLPEPVKLTLTGGADAQGDIVATELPSIPGTSIGPLDVALASQ
ARWTGATRAVDSLSIDNATWVMTDNSNVGALRDLASDGSVDFQQPAEAGRFKVLTVNTLAG
SGLFRMNVFADLGLSDKLVVMQDASGQHRLWVRNSGSEPASANTLLLVQTPLGSAATEFTL
ANKDGKVDIGTYRYRLAANGNGOWSLVGAKAPPAPKPAPQPGPQPPQPPQPQPEAPAPQP
PAGRELSAAANAAVNTGGVGLASTLWYAESNALSKRLGELRLNPDAGGAWGRGFAQRQQOL
DNRAGRRFDQKVAGFELGADHAVAVAGGRWHLGGLAGYTRGDRGFTGDGGGHTDSVHVGG
YATYIADSGFYLDATLRASRLENDFKVAGSDGYAVKGKYRTHGVGASLEAGRRFTHADGW
FLEPQAELAVFRAGGGAYRAANGLRVRDEGGSSVLGRLGLEVGKRIELAGGRQVQPYIKA
SVLQEFDGAGTVHTNGIAHRTELRGTRAELGLGMAAATLGRGHSLYASYEYSKGPKLAMPW
TFHAGYRYSW

SEQ ID NO:31 polypeptide sequence of Orf16

Atggcaggacaagcgaggggatggtacggegecaggeggacgecacccaatacattttcaa
Atttcggegggegetgegttgatgetgggectgetggacgtegecggegeegecgetgte
Acggcagcgcagcegaatagatggeggegeggegtttetgggegatgtegecatagegacyg
Accaaggcgtcecgageacggtatcaacgtgactggeecgecacggecagaggttcgggtgacg
Ggcggcaccatacggacgagcggcaaccaggcccagggcettgegggtcggcacggagaat
Geaccggacaacaccgcegetgggegegtheggtetttttgecagaacctgatecatecgagact
Tccgggaceggggecattgggegtctctgteccacgagecacagggaggaggaggcacgege
ttgtccatgteccgggacgacggtgegecacgegeggegatgacagtttegecctgeagett
tcagggcctgeccagegecaccttgaatgacgtggegetggagacggecggecagecaggeg
ccegeggtggtgetgtggeaaggegeacagttgaacgcacaggggetggtggttecaggte
aacggggcaggcgtttccgecgatacatgegcaggatgecggecagettecacgttgteggge
tcggatattaccgeccggggectggaagtegeegggatetatgtgcaggaaggcatgecag
gggacgttgacgggtacgcgggtcacgacgcagggegataccgegecegecttgeagatyg
gaggacgcgggtacgcacgtcagcatgaacggeggegegttgtegaccteceggegegaat
tecgecegetgeatggetgetggetggeggttecgegecagttecgegatacggtattgagy
accgtecggcegaggectcgecatggegtggacgtegetgegeacagegaggtecgaactggeyg
catgegecaggtgegggccgacgggcaaggggctcatggectggtggtgacgegaagecage
gcgatggtgcgggegggttecactggtagagagecaceggagacggegecgeggegetgety
gaaagcgggcatcttacggtggacggecagegtggt ccatggecacggegeggecgggtty
gaggtcgacggcgagagtaatgtgteccctgetcaacggegcacgectgtegteggaccag
ccgacggegatcaggctgatcgacceteggteggtcctgaacctecgacatcaaggacegy
gcgecagctattgggcgacattgegecagaggegecagcageecggacggttegeeccgageag
gecagggttegtgtggcgetcgecgacggggggacgtgggegggecgeacggacggegey
gtccatacggtgegattgetegategtggegtectggaccgtgacgggegattececgggtyg
gccgaggtcaagctggagggeggcacgetggegtttgegecacctgegecageccaaggge
gctttecaagacactggt cgegacgecagggcattteeggtacgggecacgatagtcatgaat
gecacatttgcccageggecacggecgatgtgetggtggegecgecagggatteggegacegg
caggtgctggtggtcaacaacacggatgatggcaccgagagcggecgegaccaaggtgecg
ctgatcgaagacgaacaaggccatacggecgttcacgetgggecaacatggggggacgggtg
gacgecgggtgegegecagtacgaattgaccgegagecgaggecgcaggecgacaaggecccge
acctggcagctgacgccgaccaacgagttgtececaccacggegaccgecgeegtgaatgeg
atggcgatcgeggegtcgecagegeatectggcaggecgaaatggacgtgttgetgegecat
atgagecggcctgeattcecgatecgggtegecegggeggattetgggegegeggectgagecag
cgccagaggetcgataccggttacggacectggecagaagecagacegtcageggaatagag
ctgggectegacaggegggtggecggeggegecaacgacggegtggt cegtcggeatgetg
gccggcectacagecgagacccggegegatggeggegeataccgegecgggeatgtgeacage
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gcgcacgtcggcgegtatgtctectacctgaatgattegggetegtatgtggatggegtyg
gtcaagtacaaccgcttteggcatggtttegacattegecacgaccgacctgaagegggte
gatgccaageaccgeagecacggectgggegegttgetgegeggegggegecgtategat
atcgatggcggctyggtatgtcgagecgcaggetteggtggegtggttecacgecggeggy
agccgctatgaggccagcaatggcectgegegtgegegecgacggegegeattecatgggtyg
ttgcgegeceggggcggaggegggceggcagatgaggt tggecaatggecaatategttgaa
ccctatgegegettgggectgggeccaggagetgggggecgataacgeggtetacaccaac
ggcatcaggcatgtcacgegttegegtggeggattcgecgaggecegegtgggggtggge
gcettgetgggecaageggeatgecttgtacgeecgactacgagtatgecaagggegegegyg
ttcgaggegeectggacettgeagetggggtategetacagetggtga

SEQ ID NO:32 polypeptide sequence of Orfl6

MAGQARGWYGAGGRHPIHFQISAGAALMLGLLDVAGAAAVTAAQRIDGGAAFLGDVAIAT
TKASEHGINVTGRTAEVRVTGGT IRTSGNQAQGLRVGTENAPDNTALGASVFLQNLIIET
SGTGALGVSVHEPQGGGGTRLSMSGTTVRTRGDDSFALQLSGPASATLNDVALETAGQQA
PAVVLWQGAQLNAQGLVVQVNGAGVSAIHAQDAGSFTLSGSDITARGLEVAGIYVQEGMQ
GTLTGTRVITQGDTAPALQVEDAGTHVSMNGGALSTSGANSPAAWLLAGGSAQFRDTVLR
TVGEASHGVDVAAHSEVELAHAQVRADGQGAHGLVVTRSSAMVRAGSLVESTGDGAAALL
ESGHLTVDGSVVHGHGAAGLEVDGESNVSLLNGARLSSDQPTAIRLIDPRSVLNLDIKDR
AQLLGDIAPEAQQPDGSPEQARVRVALADGGTWAGRTDGAVHTVRLLDRGVWTVTGDSRV
AEVKLEGGTLAFAPPAQPKGAFKTLVATQGISGTGTIVMNAHLPSGTADVLVAPQGFGDR
QVLVVNNTDDGTESGATKVPLIEDEQGHTAFTLGNMGGRVDAGARQYELTASEAQADKAR
TWQLTPTNELSTTATAAVNAMATAASQRIWQAEMDVLLRHMSGLHSIGSPGGFWARGLSQ
RQRLDTCYGPWQKQTVSGIELGLDRRVAGGATTANSVGMLAGYSETRRDGGAYRAGHVHS
AHVGAYVSYLNDSGSYVDGVVKYNRFRHGFDIRTTDLKRVDAKHRSHGLGALLRGGRRID
IDGGWYVEPQASVAWFHAGGSRYEASNGLRVRADGAHSWVLRAGAEAGROQMRLANGNIVE
PYARLGWAQELGADNAVYTNGIRHVTRSRGGFAEARVGVGALLGKRHALYADYEYAKGAR
FEAPWTLQLGYRYSW

SEQ ID NO:33 polynucleotide sequence of Orf17

Atgtatctecgatagattccgtcaatgtecgtecttecttgeagatccegegtteegegtgyg
Cgcctgeatgegetggecgeagetcetggegetggeecggeatggeceggetggegeeegeg
Gecggcgecaggegecegecagecgeccgtggecggegegecgecatgegeaggacgeegggeag
Gaaggagagttcgaccaccgggacaacacgctcattgecagtetttgacgacggegtegge
Atcaatctcgacgacgatcccgacgagetcggecgagacggegeccececacgetcaaggac
Atccacatcteggtggagcacaagaacccgatgagecaagecceggecat cggggtgegtgte
Agcggcgecggcecgegagetgacgetggecggetegaccatcgatgecaccgagggegge
Attcccgecagtggtacggegeggeggcacgetggagetggatggegtecacegtggeggge
Ggggaagggatggagcecgatgacggtetcectgacgecggeageegectgagegtgegegge
Ggcgtgctgggeggegaagegecgggegtecggectggtccgggecgegecaaggeggecag
Gegagcatcatcgacgegacgctgeagagcatcctegggeecegegetecattgecgacgge
Ggctecattteegtegecggeggttegategacatggacatgggeccegggattecegeeyg
Cegectecaccgettecacceggggegecgetggecgegeateegeegetecgategegttgee
Geggtgcacgeceggecaggacggcaaggtgacactgegggaggtggegetgegggeteac
Gggccgeaggcgacgggegtctatgegtatatgectggeagegaaatcaccectgeaggga
Ggcacagtcagegtgecagggegatgacggggecggegtggtcgeeggegegggectgete
Gacgcettgecgeceggeggecacggtgeggetggacggaaccacggtgtegacegatgge
Gccaacaccgatgeegtgetggttegeggegacgeggegegegecgaggtecgtcaacace
Gtgctgecgcaccgecaagagectggecgecggegtatcggeccagcatggaggecgegte
Acgetgeggcagaccegcatcgagaccgegggegegggggecgagggeatecteegtgetyg
Ggcttegagecgeagtecggeteeggececggecagegtegacatgcagggeggecageate
Accacgaccggcaaccegegeecgecggcategegetcacccacggecagegeccgectggaa
Ggcgtggeggtgegegecgagggecageggetegagegeegegcagctggecaacggeacy
Ctggtcgtcagegecagggtegetggecteggeccagt ccggegegat cagegtgaccgac
Acgccgcetgaagetgatgeegggegecctggecageagecacggtcteggteceggttgace
Gacggcgccacggegcaaggceggecaatggegtgttecteccagecageattecaccattecg
Gtggcggttgecactegagageggegecctggetegeggegatatecgtcgecgacggeaac
Aagcccctegatgecgggatctecctecagegtggecageggegecgectggecacggegec
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Acccaggtgctccagtcggccacgctgggcaagggcggaacctgggtcgtgaacgccgac
Tceegggtgeaggacatgtegatgegeggegggegggtegaattccaggegeecgegeae
Gaggcctcttacaagaccctgaccctgcaaaccctggacggcaacggcgtgttcgtgctg
Aacaccaacgtcgccgccgggcagaacgaccagttgcgggtcaccggccgcgccgatggc
Cagcaccgcgtgctggtgcgcaatgccggaggcgaggccgacagccggggcgcccgcctg
chctggtgcatacccaggggcagggcaacgccaccttccggctggccaacgtcggcaag
Gcggttgacctgggcacgtggcgctacagcctggcggaggatccgaagacgcatgtctgg
Agcttgcagcgcgcgggccaggccctgtcgggggcggccaatgccgccgtgaacgcggcg
Gatctttccagcatcgccctggccgagtccaacgcgctggacaagcgcctgggcgagctg
Cgcetgegegecgacgecggegggecatgggegegtacgttcagegagegecageagate
Agcaaccgccacgcccgcgcctacgaccagacggtcagcgggctggagatcggcctggac
Cgtggctggagegegt cgggegggegetggtacgecggeggectgetcggetacacetat
Gecgaccgeacctateceggegacggtggeggecaaggtcaagggectgeacgt cggegge
Tacgccgectatgteggcgatggeggctactatetegacacegtgetgeggetgggeege
Tacgatcagcaatacaacattgccggcaccgatggcggccgcgtcaccgccgactaccgc
Acaagcggcgccgcatggtcgctcgaaggcgggcgccggttcgagctgcccaacgactgg
Ttcgeegaaccgcaggeegaggt catgetgtggegeacgt caggecaagegetategegee
Agcaatggcctgcgcgtcaaggtggacgccaacaccgccacgctgggccgcctgggcttg
Cgcttcggccgccgcatcgccctggccggcggcaacatcgtgcagccctacgccaggctc
chtggacgcaggagttcaaaagcacgggcgatgtgcgcaccaatggcattggccatgcc
GgCgcaggccgccacggccgcgtggaactgggcgcgggcgtcgacgccgcgttgggcaag
Gggcacaacctctatgcttcgtacgagtacgcggcgggcgaccggatcaacattccgtgg
tegttecacgecggetaccegetacagettcotga

SEQ ID NO:34 polypeptide sequence of Orf17

MYLDRFRQCPSSLOI PRSAWRLHALAAALALAGMARLAPAAAQAPQPPVAGAPHAQDAGQ
EGEFDHRDNTLIAVFDDGVGINLDDDPDELGETAPPTLKDIHISVEHKNPMSKPAIGVRV
SGAGRALTLAGSTIDATEGGIPAVVRRGGTLELDGVTVAGGEGMEPMTVSDAGSRLSVRG
GVLGGEAPGVGLVRAAQGGQASI IDATLQSILGPALIADGGSISVAGGS IDMDMGPGFPP
PPPPLPGAPLAAHPPLURVAAVHAGQDGKVTLREVALRAHGPQATGVYAYMPGSEITLQG
GTVSVQGDDGAGVVAGAGLLDALPPGGTVRLDGTTVSTDGANTDAVLVRGDAARAEVVNT
VLRTAKSLAAGVSAQHGGRVTLRQTRIETAGAGAEGI SVLGFEPQSGSGPASVDMQGGS T
TTTGNRAAGIALTHGSARLEGVAVRAEGSGSSAAQLANGTLVVSAGSLASAQSGAISVTD
TPLKLMPGALASSTVSVRLTDGATAQCGGNGVFLQQOHSTIPVAVALESGALARGDIVADGN
KPLDAGISLSVASGAAWHGATQVLQSATLGKGGTWVVNADSRVQDMSMRGGRVEFQAPAP
EASYKTLTLQTLDGNGVFVLNTNVAAGQONDQLRVTGRADGQHRVLVRNAGGEADSRGARL,
GLVHTQGQGNATFRLANVGKAVDLGTWRYSLARDPKTHVWSLORAGQALSGAANAAVNAA
DLSSIALAESNALDKRLGEDLRLRADAGGPWARTFSERQQISNRHARAYDQTVSGLEIGLD
RGWSASGGRWYAGGLLGYTYADRTYPCGDGGEKVKGLEVGGYAAYVGDGGYYLDTVLRLGR
YDQQYNIAGTDGGRVTADYRTSGAAWSLEGGRRFELPNDWFAEPQAEVMLWRTSGKRYRA
SNGLRVKVDANTATLGRLGLRFGRRIALAGGNIVQPYARLGWTQEFKSTGDVRTNGIGHA
GAGRHGRVELGAGVDAALGKGHNLYASYEYAAGDRINIPWSFHAGYRYSF

SEQ ID NO:35 polynucleotide sequence of Orf18

Atgcacatttacggaaatatgaatcgageaacaccttgoegeggtgeggtgegtgecctt
Gegettgeoctgetgggagegggtatgtggacactttetecteecteggeatgggegett
Aagctcccgtegetgcetgacggacgacgagetgaagetggttetgecgactggeatgtet
ctggaggatttcaagcgcagccttcaggagtccgcgccgagcgcgctggcaacgccgccg
tcgtcttcgcctccggttgcgaagccaggtccgggctccgttgccgaggctccgtcgggg
tcgggccacaaggacaacccatcccctcccgtcgtcggcgtcggtccaggtatggcggag
tcgtctggcggacataaccccggcgtgggggggggcacgcatgaaaatgggttgcccggt
ataggaaaggtcggcgggtctgcgcccggaccggataccagtacgggctcgggtcccgac
gccggcatggegtecggagegggttegacgtecgeceggegeat cgggtggggegggeaag
gatgcgatgccgccctcggaaggcgagaggccggactccggtatgtccgattcggggcgg
ggtggcgaatcgtcggctggaggcttgaatccggacggcgctggcaagccaccgcgggag
gaaggcgagccgggttecaagtetectgeggacggtggecaggacgggeegeegacgeca
cgggacggcggcgatgeggat cegeaacctecgegggacgatggeaatggggaacageag
cegeccaagggeggeggggatgaggggcagegecegecgectgeegecggaaacggtgge
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aacggtggcaacgggaacgcgeagcttcecegagegeggegacgacgegggtccgaageot
Cccecgagggagagggeggegatgaaggtecgecaacegeegeagggcggcggecgageaggac
gcgccggaggttecteecgtegegecggegecgecegegggeaacggtgtectatgacaeg
ggcacgcataccttgaccacgecggectetgeggeggtgagectggecagecagttegeat
ggcgtatggcaggccgagatgaacgegttgagcaagegeatgggcgagttgegectgacy
ccggttgegggeggegtatggggeegegettttggecggegecaggacgtcgacaaccge
gtgtegegegagtteecgecagaccatcageggtttegaactgggegecgatacegecttg
ceggtggecgacgggegetggcacgtgggegeggtggetggetacaccaacggeegeate
aagttcgaccggggeggcacgggegatgacgacagegtgcacgtgggegettacgectace
tacatcgaggacggeggtttctatatggatggeategtgegggtcageegeattaegecac
gcgttecaaggtggacgacgccaagggecggegegtgegoggecagtacegeggecaatgge
gtgggcgegtegetggaactgggcaagegettcacgtggeceggegectggtacgtggag
ccgcagctggaggtggcegecttecatgegecaaggggcegactacaccgeccagcaacgge
ctgcgcatcaaggacgacggcacgaactcecatgetgggecgectgggectgeacgtgggyg
cggcagttecgacctgggegatggecgegtggtgeagecctacatgaagetgagetgggtyg
caggagttcgacggecaagggcacggtgegecaccaacgacatceccggecacaaggtgeggete
gatggcggccegeacegaactggeegtaggggtggettegeaactgggecaagecacggeage
ctgttcggetegtacgagtacgecaagggecagecgecagaccatgeegtggacettecac
gtcggctatcgcectacgectggtag

SEQ ID NO:36 polypeptide sequence of Orfl18

MHIYGNMNRATPCRGAVRALALALLGAGMWTLSPPSAWATLKLPSLLTDDELKLVLPTGMS
LEDFKRSLQESAPSALATPPSSSPPVAKPGPGSVAEAPSGSGHKDNPSPPVVGVGPGMAE
SSGGHNPGVGGGTHENGLPGIGKVGGSAPGPDTSTGSGPDAGMASGAGSTSPGASGGAGK
DAMPPSEGERPDSGMSDSGRGGESSAGGLNPDGAGKPPREEGEPGSKSPADGGODGPPPP
RDGGDADPQPPRDDGNGEQQPPKGGGDEGQRPPPAAGNGGNGGNGNAQLPERGDDAGPKP
PEGEGGDEGPQPPQGGGEQDAPEVPPVAPAPPAGNGVYDPGTHTLTTPASAAVSTLASSSH
GVWQAEMNALSKRMGELRLTPVAGGVWGRAFGRRQDVDNRVSREFRQTISGFELGADTAL
PVADGRWHVGAVAGYTNGRIKFDRGGTGDDDSVHVGAYATYIEDGGFYMDGLIVRVSRIRH
AFKVDDAKGRRVRGQYRGNGVGASLELGKRFTWPGAWYVEPQLEVAAFHAQGADYTASNG
LRIKDDGTNSMLGRLGLHVGRQFDLGDGRVVQPYMKLSWVQEFDGKGTVRTNDIRHKVRL
DGGRTELAVGVASQLGKHGSLFGSYEYAKGSRQTMPWIFHVGYRYAW

SEQ ID NO:37 polynucleotide sequence of Orf19

Atgaaaccgacttccatcctggecacgtttgeccegetateteggegectgegegetggee
Gegetggeegegetggetgtegegecgetcgegecggegecaggecacagact cegetgece
Gcgggacteggegecgecgaggtgeggeagtatttgteceggectgeegtecgatgecetg
cgccagcaggegtegtggetggegeecggegetgttgegecectatetgtcaggectgacy
gatgcgcaattgeggcaatatgtgcaggcgetgacaccegggecagatcacgecaggggetyg
gcggegttgacgectgegecagegtgegeggetgcagegegaattcgaacggcaggegega
cggecaggtgcagcaggeggtacgggecgaggtegeegegegeagegegegggeggtggeg
atggggcagagcgcatcgatgetgetgectegacgeegagatgggaacectggegeaacge
cagggcgatetgegecgeggecacgacgagggaegeattectgggegegeggecagegegaac
cgcttcaaggtcegatacgecggacacaceggegttaegacectgegegtggagtacetgacy
ctgggcgecgaccatggctggegectggacacggggeggetectatctgggegectacgee
ggcgtetegegegecegeatggatgacaacgacatcatgecacggeecggatcgaaageegyg
ttectgggecacgtacctgacttatgtggacaacggegggttetacgtegatgeggtcage
aagctggggcgtategacgagteccegtgtegttegacctgeecgetggggetgggegactac
gacgacgatatatcgcatacaacgtatacgggcagtgccgaggecggetatcacttcaag
ttgcegeaacgetggttegtecgagecgeaggegecaggtgatctactegegecageagecag
acgteggtgcaggggcgggeccggegtgegegeeggecgggat ttcaccetggeeggegge
gegaccttgegteettatgtecagegectegtacctgecacgagttetegeacgacgacteg
gtegatttcggeggecaagtegtacgatgecgaactgeceggecagecgetggeagetgggt
gceggegeggegetggacgtgggggegeategegectacgeggatctgegetatgggeac
ggcgecaacatcagecaggacctgtegetgaacateggetacgegtacegettetag

SEQ ID NO:38 polypeptide sequence of Orf19
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MKPTSILARLPRYLGACALAALAALAVAPLAPAQAQTPLPAGLGAAEVRQYLSGLPSDAL
RQOASWLAPALLRPYLSGLTDAQLRQYVQALTPGQITQGLAALTPAQRARLOREFERQAR
RQVQQOAVRAEVAARSARAVAMGQSASMLLLDAEMGTLAQRQGDLRRGHDEGAFWARGSAN
RFKVDTPDTPAFDLRVEYLTLGADHGWRLDTGRLYLGAYAGVSRARMDDND IMHGRIESR
FLGTYLTYVDNGGFYVDAVSKLGRIDESVSFDLPLGLGDYDDDI SHTTYTGSAEAGYHFK
LPQRWFVEPQAQVIYSRSSQTSVQGRAGVRAGRDFTLAGGATLRPYVSASYLHEFSHDDS
VDFGGKSYDAELPGSRWQLGAGAALDVGAHRAYADLRYGHGANISQDLSLNIGYAYRF

SEQ ID NO:39 polynucleotide sequence of Orf20

AtggtcggcaggagttgtcategtgecagggtggttatacegggegaccttecteTtatac
Gcegeaaactgtgettatcocecgegaacgeccaateggtttoctggttecggt cagGtgteg
Aacgggccgatcacgtcaccgcactgggtggtgggecggggaactgatecgteggggatacyg
Ggcgecegggaccttgetecatcgaggecggeggtaccgtgetecaacgactgggectatatce
Ggcagtgacaatggcgctgtgggcaccctgacggtgt cgggeccgegacggegeeggggec
Gcgteogacctggacgactgtegacgatgtgtegat cggegttgeggegggcagecagggge
Acgctcgaggtgeteggeggggecagggcgeaaageggatggggeaccateggegteget
Gecaggcagegteggaagegtgacegtgteecgggecegggt cggtgtggaatategecacg
Gtcaattegttecagatecggectegggeggecagegggacgetgtggatcgacecagggegge
Gcagtgtatagcgggcagggegtcatcggttggaacccecggecagegacgggeacgtcacg
Gtattgggtccggcaacggtatggaaccegetgaacaatatctatgteggtctecggeggg
Actggtgaactggatatccgggacggegeggeegttgegactgecagggt cgageecgeeg
Ggegecgeggeatcgatcectacatcgggacgagegecagggagegeeggcacggtaacggtyg
Tcgagcgegacggecgteacctegacgetcacgtegaccgacegtatecgaaateggeteg
Geceggegecggggtgetgactgtegecaaaggegggatggtgggegtcgecagegacgec
Tggatagccatcaccggcacgtectececggaacgetgaacctgaceggegatgecagegge
Cgaggcgtgctggaaacgggcteggtcatcaagggegecggcaacgegaccttcaacctg
Gatggecggggtcectgegegecaatcgtgacgaggecaatttectcaatggtttctecacy
Caggcggtgggaagcggeggegectggttegatacgaatgeccatgacgtgggegttgte
Accgecttetegggtacgtecagettcaacaagetgggageeggeacgetgacgetgtea
Ggcaacagegeegegttcacggggaacacegatatecaggecggaacgetgeaggtggac
Ggegttettggegggeeggtggatgtgetggegggggegeggttgaceggtacegggege
Gtcggtgcgacggccaacaagggcaccattgegeecgggecegegeageggetttggeaca
Ctgacgatcgceceggggattacgecggccecagggeggcaacctggaaatcegtacgecagett
Ggcgcecgacgactcegecgaccgacaggcetggtgat cacgggegeecagegetggegtgaca
Ccggtcacggtecgagaatatcggecggecacgggegectcgacccageggggeatacaggte
Gtgcaggtcaatggegetteggecaggeeggttcaacctegecaacggegattacgtcate
Gaggggcgtceecggegetggtggecggegectatggetatgtgetgecageaggacgecgea
Gacggcgattggtatctgaaatcegtegetgeccgacecectggggetecccaaggeggggge
Ggtctgccgggegecggggageccgtgetttatcageceggegtgeeggtectatgaagee
Tatgccaacacgctgctgecatctgagecggettteccaccttgegecaacgggtcggecaat
Cgcctttatgatcecggecagatgteggeccgecaacggegtatggagecgegtegagggetee
Gcgagccagetegatecttecegegteccacgactggegaacgocaggacgtegatagetgg
Aaagtgcagttceggtgtegacegtatecctggecggegggecaagagggctecegectggtyg
Ggeggattggegetgeagtacggeaaggecgacacgegegtgtegiegatatacggcaat
Ggcactgtcgacgecacggectatggectgaccecgacgetgacctggtacggecagggac
Ggcgectatgtegatgceccaggeccaggegatetggttegacagegacctgagttcacgg
Ctggccggcaagctcaaggatggeccggaaagegcatggetatgggetgggtatecgaageg
Ggcaaggcctteggattgegggaggggctggecctgatccegeaggegeaattgtegtac
Geatcgaccegettecgacagettegacgacagatteggegeccgegtcgaagacgataag
Ggcgacagcectgcagggecgteteggecategegetggactacaagagcagetggcaageg
Ggcggcgegaaccgggagtecgagtgtetteggeategtcaatgtgaageatgagttectg
Gatggcacgegegtgegegttgeeggegtgeeggtaagecageegeatggegegeacctgg
Ggcagcgtgggagtgggggccgattacggttggggagaacgetacgecatttacggeccag
Gtggacgccgatgcagatttegeecggeagetacategtecacegegacegeggggttecagg
atgatgttctag

SEQ ID NO:40 polypeptide sequence of Orf20
MVGRSCHRAGWLYRATFLLYAANCAYPANAQSVSGSGQVSNGPITSPHWVVGGELIVGDT
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GAGTLLIEAGGTVLNDWAYIGSDNGAVGTLTVSGRDGAGAASTWITVDDVSIGVAAGSRG
TLEVLGGARAQSGWGTIGVAAGSVGSVTVSGPGSVWNIATVNSFQIGSGCSGTLWIDQGG
AVYSGQGVIGWNPGSDGHVTVLGPATVHNPLNNI YVGLGGTGELDIRDGARVATAGSSPP
GAAASIYIGTSAGSAGTVIVSSATAVISTLTSTDRIEIGSAGAGVLTVAKGGMVGVASDA
WIATTGTSSGTLNLTGDASGRGVLETGSVIKGAGNATFNLDGGVLRANRDEANFLNGFST
QAVGSCGGAWFDTNAHDVGVVTAFSGTSSFNKLGAGTLTLSGNSAAFTGNTD IQAGTLOVD
GVLGGPVDVLAGARLTGTGRVGATANKGTIAPGPRSGFGTLT IAGDYAAQGGNLEIRTQL
GADDSPTDRLVITGASAGVTPVTVENIGGTGASTQRGIQVVQVNGASAGRFNLANGDYVI
EGRPALVAGAYGYVLQQDAADGDWYLKSSLPDPGAPQGGGGLPGAGEPVLYQPGVPVYEA
YANTLLHLSRLSTLRQRVENRLYDPADVGRNGVWSRVEGSASQLDPSASTTGERQDVDSW
KVQFGVDRILAGGQEGSRLVGGLALQYGKADTRVSSIYGNGTVDATAYGLTPTLTWYGRD
GAYVDAQAQAIWFDSDLSSRLAGKLKDGRKAHGYGLGIEAGKAFGLREGLALIPQAQLSY
ASTRFDSFDDRFGARVEDDKGDSLQGRLGIALDYKSSWQAGGANRESSVFGIVNVKHEFL
DETRVRVAGVPVSSRMARTWGSVGVGADYGWGERYAIYGQVDADADFAGSYIVIATAGFR
MME

SEQ ID NO:41 polynucleotide sequence of Orf21

Atgcegtcacccgatgecttgecgeacacgecgectgettcaggeggegatcgegtgate
Agcgggatcectgcagecaggaccteggecagttggetggegeeggatgecgcaaagegcage
Ccctecgagectggcaaggeggccgaaaaaatcggggtaatgecegaacgaggacctegge
Aagtggctggttccgggggegeaaaagaacaatccgeccgagectggecaagacgetggac
GaaatcegTgegggtctecgaaaaatgggtggegeccgggt ccaagecgecegtecgaaccyg
Gatcecggacaaggcgacgcaggegtategecaaagacetecgataaatggetggegectecy
Gecaagtcceggeccgececgaagegecaccegtegtccaacccgaagegecgeegcaageyg
Caacctgaggegecgectgtegtgecgecegecggecgageecgecageaget cgaccgeey
Geegttecgecegegeggecggecggegacgeggtgtacgtgeecgggeacgegeacgetg
Acgccgacggcecaacgeggeggtgggcacggeecagegecgegcaaggtetgtggeaggee
Gagatgaacgcgttgagcaagegecatgggegagttgegectgacgecggttgegggegge
Gtatggggccgegettttggccggegecaggacgtcgacaaccgegtgtegegegagtte
Cgccagaccatcagceggtttegaactgggegecgatacegecttgeeggtggecgacggg
Cgctggecacgtgggcgeggtggctggetacaccaacggecegeatcaagttegacegggge
Ggcacgggcgatgacgacagegtgcacgtgggegettacgetacctacategaggacgge
Ggtttctatatggatggcatcgtgegggtcagecgeattecgecacgegttcaaggtggac
Gacgccaagggccggegegtgegeggecagtacecgeggcaatggegtgggegegtegety
Gaactgggcaagegcettcacgtggeccggegectggtacgtggageegeagetggaggty
Geegecttecatgegcaaggggocgactacacegecagecaacggectgegeatcaaggac
Gacggcacgaactccatgetgggecgectgggectgecacgtggggeggeagttegacety
Ggcgatggccgegtggtgcagecctacatgaagetgagetgggtgecaggagttegacgge
Ragggcacggtgegcaccaacgacatceggcacaaggtgeggctecgatggeggecgeace
Gaactggccgtaggggtggettegeaactgggcaagcacggeagectgtteggetegtac
Gagtacgccaagggcagccgecagaccatgecgtggaccttecacgteggetategetac

gcectggtag

SEQ ID NO:42 polypeptide sequence of Orf21

MPSPDALPHTPPASGGDRVISGILOQODLGSWLAPDAAKRSPSEPGKAAEKIGVMPNEDLG
KWLVPGAQKNNPPEPGKTLDEIRAGLEKWVAPGSKPPVEPDPDKATQAYRKDLDKWLAPP
AKSGPPEAPPVVQPEAPPQAQPEAPPVVPPPAEPPAARPPAVPPARPAGDAVYVPGTRTL
TPTANAAVGTASAAQGLWQAEMNALSKRMGELRLTPVAGGVWGRAFGRRQDVDNRVSREF
RQTISGFELGADTALPVADGRWHVGAVAGYTNGRIKFDRGGTGDDDSVHVGAYATYIEDG
GFYMDGIVRVSRIRHAFKVDDAKGRRVRGQYRGNGVGASLELGKREFTWPGAWYVEPQLEV
AAFHAQGADYTASNGLRIKDDGTNSMLGRLGLHVGRQFDLGDGRVVQPYMKLSWVQEFDG
KGTVRTNDIRHKVRLDGGRTELAVGVASQLGKHGSLFGSYEYAKGSRQTMPWTFHVGYRY
AW

SEQ ID NO:43 polynucleotide sequence of Orf22

Atgtgcgacacctgeagagatgatgatggecacctegecttegattegegtccaaggeggg
Gttgttcagggcggcatgggtgcaaataacgtegetgtggtggcaacagggtctggaaag
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Gtcgegatcgagaatgcecggaactgcteggagecageggeatgtacgecacgtteggegeg
caggtcgatatgaaaggcgggcgcattctggegecacaacaccaatatcctgggaagecag
ggttacgcecgatggtcoctatggeggegtggtcgtgacagaggacggtcaagtcaacctg
gagggcgccaaggtcagtgecaactggcctgggggecgecggettgtggttgetgggegac
aaggacaccagcccgcgagecagectgegeaacacegacgtccacggagaggtegecgee
attgcgctggggttcaatggcgaggcgaacatctegggeggecagettgagegtagaggat
ggggeegtgctcaccaccctgacgecegatgecagtegagtattactacgactacgecttyg
tcecatggageatctgececagetgatgegeegttgacgeceggtcegegtecacgetgteegat
ggcgegegegecageggagaaacgttgategegecatggegggttgttgeccatgacgetyg
cgettgagecageggggt cgacgecccgeggegacatcgtcacgectgecgecttcegegecyg
ccecgattecegeggagecaaccggatgecgagecggaaceggatgeecgagetggaaccggac
gcegeggegeagt cggacgecaaggegaatgegegggtcatggegeaggtagatggeggyg
gaacctgttgecgtgecegatcecggececttegeatececgatgeeccgategacgtgtte
atcgacagcggtgcccaatggeggggcatgaccaagaccgtecaatgegttgegeategag
gacggcacctggaccgtcaccgggtegt ccacggtgaacagectgecacctgecaggcagge
aaggtggcgtacgcaacgcctgecgaaagegacggagaattcaaacacctgegggtcaag
accctctegggaageggectgttcgagatgaacgecagegecgacctgagegatggegac
ctgectggtegtgtecgacgaggecagegggcagcacaaggtgetggtgegaggageegge
acggaacccaccggtgtggaaagcetgacgetggtcgagetgecececgagggcagecagacyg
aagttcacgcttgcecaaccggggeggggtggtcgacgeeggegegtteegetategectyg
acgccggacaacggtgtctggggectggaacggaccageccagettteggecgtegecaac
geggccttgaataccgggggegtgggegeggecageageatectggtatgeggaaggeaat
gecgetceteccaagegectgggegagt tgeggetegatcececggegegggeggettectggggyg
cgcacgttegeccagaagcagcagetcgacaacaaggetggecgacgettegaccagaag
gtgtacggtttcegagctgggggecegaccatgecategcaggacagcaagggegetggeac
gtgggcggectgectgggctataccegegecaaggegeagetteategatgacggegeecggy
cataccgacagcgcegecatateggggectacgeggegtacgtggeggacaacggettetat
ttcgattcgaccectgegegecagecgettegagaacgacttcacggtaacggecaccgac
geegtttecgtacggggeaagtacegggecaatggggtaggegecaccttggaggeaegge
aaacgtttcacgttgecacgacggctggttegtegaacctcagteccgaggtgtegetgtte
catgccageggeggaacctaccgtgeegegaacaacctgteggtcaaggacgaaggegge
acctececgeegtgetgegeetgggettggeggeecgggegacgeatcgacetgggcaaggac
cgcgtgatccagecctatgecaccctgagetggectgcaggaattcaaaggegtcacgacce
gttegcaccaacgggtacgggcectgegecaccgacctgageggtggecgggetgaattggeyg
ctgggeetggeecgecgegttggggegeggecaccagetetacacttegtacgagtacgec
aagggcaacaagctgaccttgecttggacgttecacctgggetategetacacctggtag

SEQ ID NO:44 polypeptide sequence of Orf22

MCDTCRDDDGTSPSIRVQGGVVQGGMGANNVAVVATGSCKVAIENAELLGASGMYATFGA
QVDMKGGRILAHNTNILGSQGYADGPYGGVVVTEDGQVNLEGAKVSATGLGAAGLWLLGD
KDTSPRASLRNTDVHGEVAATALGFNGEANISGGSLSVEDGAVLTTLTPDAVEYYYDYAL
SMEHLPADAPLTPVRVTLSDGARASGETLIAHGGLLPMTLRLSSGVDARGDIVTLPPSAP
PDSAEQPDAEPEPDAELEPDAAAQSDAKANARVMAQVDGGEPVAVPIPAPSHPDAPIDVFE
IDSGAQWRGMTKTVNALRIEDCTWIVIGSSTVNSLHLOAGKVAYATPAESDGEFKHLRVK
TLSGSGLFEMNASADLSDGDLLVVSDEASGQHKVLVRGAGTEPTGVESLTLVELPEGSQT
KFTLANRGGVVDAGAFRYRLTPDNGVWGLERTSQLSAVANAALNTGGVGAASSIWYAEGN
ALSKRLGELRLDPGAGGFWGRTFAQKQQLDNKAGRRFDQKVYGFELGADHATAGQQGRWH
VGGLLGYTRARRSFIDDGAGHTDSAHIGAYAAYVADNGFYFDSTLRASRFENDFTVTATD
AVSVRGKYRANGVGATLEAGKRFTLHDGWFVEPQSEVSLFHASGGTYRAANNLSVKDEGG
TSAVLRLGLAAGRRIDLGKDRVIQPYATLSWLQEFKGVITVRINGYGLRTDLSGGRAELA
LGLAAALGRGHQLYTSYEYAKGNKLTLPWTFHLGYRYTW

SEQ ID NO:45 polynucleotide sequence of Orf23

Ttgcgccagaccacgeccggtgeeggtgeggetegt cctgegeggegeggeggtegegeag
Ggcgatgtecgtgecgegegecegagacggegecggagaaggatgggttecggeacgecegtg
Cggccgggettgegegt cgggectggaccaggegecgetcgagetcgatgtggececgacgge
gegecagtggecatggegegactecagtecgettgacaggetggeectgggegegggeggecaa
tggcgcatgagcgeggcatcecagegtgggegaactgagecatggagectggegeggecgte

132



WO 2005/032584 PCT/EP2004/011082

gtgttcggegatgeggccggaccgggttttecaaacgetgacggtgegeacectggeggge
gccggttegttegagatgegtgeggacgecgegetggagecatgeecgatcaactggtggtyg
accgaccaggccgaagggeggcategegtgtggttgegegegeeggecggegecgagecy
tcgaaggcacaggccgtgectggtgegegegecegecagacggecaaggecagtttegaacte
gacggcagcgacggcagggccgacttcocggcacctategetacgggetggegecagecagecg
ggcggcegectggggectagtcaggacggggtattegtecaccgecgecgeggegetggat
accggeggactgggegeggtgecaggggttgtggtatgecgaatccaacgegttgggeaag
cgcatgggegaattgegectgaacccggacgeeggeggegectggggecgggegttcage
cagcgccagcegcatcagtccgegegegggeeggeatttecagecaaggegtcageggeate
gagctgggegecgaccgggectggecegtggeeggeggecgttggeatgegggetggttyg
ctgggctacacgegegegtcacgegggttttecggeccagggaaaggggeacaccgacagce
gtgcacgtgggcggctatgecacctatatcggegecaatggegtgtacgecgatgecacyg
ctgegcgecagecgettegagaattegttegacgecacctggetgggeggggegeacegty
tececggcagetaccgegecaatggegtgggegtgacgetggaggeeggeeggegtetggeg
ctggaccggcactggttegtecgagecgecaggecgaactggegtggtttegtgeecggegge
ggtacgtacacggccagcaatggcctgegtatecgaggatgacggeggcacgtegetgeag
gegegggtaggegegeaageeggecgecgettcgacttgegeggeggegeggtggtgeag
cectacgegceagcectgagt tgggtgecaggaact caagggegtgagecacggtgegecaccaac
ggcatcgegcaccgtaccgacctgggegegggecgegtcgaactgggactgggegtggey
gccgegetgggcaagggecacaatetgtacgegtegtacgagtacgegecacgggeccagyg
ctcagcctgecgtggaccegtgecagetgggttaccgetacgettggtaa

SEQ ID NO:46 polypeptide sequence of Orf23

LRQTTPVPVRLVLRGAAVAQGDVVRAPETAPEKDGFGTPVRPGLRVGLDQAPLELDVADG
AQWHCGATQSLDRLALGAGGQWRMSAASSVGELSMEPGAAVVFGDAAGPCGFQTLTVRTLAG
AGSFEMRADAALEHADQLVVTDQAEGRHRVWLRAPAGAEPSKAQAVLVRAPADGKASFEL
DGSDGRADFGTYRYGLAQQPGGAWGLVRTGYSSTAAAALDTGGLGAVQGLWYAESNALGK
RMGELRLNPDAGGAWGRAFSQRORI SPRAGRHFQQGVSGIELGADRAWPVAGGRWHAGWL
LGYTRASRGFSGQGKGHTDSVHVGGYATYIGANGVYADATLRASRFENSFDAPGWAGRTV
SGSYRANGVGVTLEAGRRLALDRHWEVEPQAELAWFRAGGGTYTASNGLRIEDDGGTSLQ
ARVGAQAGRRFDLRGGAVVQPYAQLSWVQOELKGVSTVRTNGIAHRTDLGAGRVELGLGVA
AALGKGHNLYASYEYAHGPRLSLPWTVQLGYRYAW

SEQ ID NO:47 polynucleotide sequence of Orf24

Ttgecttegecgececgaagaggegceectcaggeggggcecegacgegtccaagcageggecyg
Gagggcctgeccgegeccgatgecaatceccaaccegatgcaaageccggagetgagaty
Aaaccceggectggggtggaacccggacctgaggcggaacctggteccgecaggggeagect
ggcccecagcectggageeccggecgcaggacgagecgcacgcgcageegectgecgeccgea
ggcaacceccggegcetgggatttacatgeccegeageggeatettgacegecacecggttetyg
gccgtgctgggeacggecagtgegecgecaaggtatctggcaggecagagatgaacgeecty
agcaagcgcatgggtgaattgeggettacgecggecagecggeggegtgtgggecacgeteyg
ttcgecgeaacgecaacgectggacaatcaggtggtggacaggttcacccagaccgtggge
gggatcgagattggegecgacacggecttgeeggeggecgaggggegetggeatgtagge
gcggtggeceggectacagecgtgegecgecgcaagetggegecacagegeccgtggcaacage
gacagcctgeatgtgggegectatgegacgtatateggegacggeggettectacctegac
gggattgtgcgggtgaaccgectacgagcacgatttcagggctgacggecagegeggegeyg
cgcgtgacgggcaagtatcgegecaatggcatcgggctgtegetggagaceggeaggegt
ttcacatgggccggegactggttecgtggaaccgecaggtcgaagtggegttgttecegtteg
ggcggggcagactacacggccagcaatggegtgegegtegacgtggcaagecaccaagteg
ttgctgggeccgggcaggectgecaggtgggacgcaagetggatctgggeaacggcaaactyg
gtgcagcegtacgceccaagetgagctggttgecaggagt tegatggegtgggeaaggtgege
accaacgatatcggecatgacgtcaaactgeggggegggegegecgaactecgacttggge
gtggcecgeggegettggecaggeacageagectgtttgettegtacgagtacagcaaggge
agccgcttgaccattcegtggagetttecacgtecggetategatacgectggtaa

SEQ ID NO:48 polypeptide sequence of Orf24
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LPSPPEEAPQAGPDASKQRPEGLPAPDANPQPDAKPGAEMKPRPGVEPGPEAEPGPQGQP
GPQPGARPQDEPHAQPLPPAGNPGAGIYMPRSGILTAPVLAVLGTASAPOQGIWQAEMNAL
SKRMCGELRLTPAAGGVWARSFAQRQRLDNQVVDRFTQTVGGIEIGADTALPAAEGRWHVG
AVAGYSRARRKLAHSARGNSDSLHVGAYATYIGDGGFYLDGIVRVNRYEHDFRADGQRGA
RVTGKYRANGIGLSLETGRRFTWAGDWFVEPQVEVALFRSGGADY TASNGVRVDVASTKS
LLGRAGLQVGRKLDLGNGKLVQPYAKLSWLQEFDGVGKVRTNDIGHDVKLRGGRAELDLG
VAAALGRHSSLFASYEYSKGSRLTIPWSFHVGYRYAW

SEQ ID NO:49 polynucleotide sequence of Orf25

Atgagacggttaaaggcccaggctttcgagggecagecgecagcaggecggcaggacatggg
Gtggegectaccttgetggegetggecctggggttccagggggeggeggegtgggecaat
Tgcacgacgtcaaacggtgctaccacttgecaccaacgecaacggctetecataccaacaag
Gtgggcagtggaccgagecgggatgaacgaacgegtcaccgtgaatcagggggegegeatce
GAgacaaacgccagegeggegatcagtgtgggaacgagcgggecaggtacgaategagggce
Ggtgcagtagtgcaaagcacggtcaatactgetgegt ccggccagtacgecaaaacgetg
Gaagcagcaagcaataacaatattitccatccaagtaaacgegecagetectggecaaggge
Agcgcettegeagtccagegegttgggattgtcaggegecggecaatacegtcaccaaccat
Ggcacgatccgggecgataatgecgeggeaatctgggtcactgecaatacegecaatgeyg
Gccaataccatcgataactacgggactatcgaaacagtgctcaatggeggetacgecaac
Gcecatceggcageacgecggaacaacagtgeccacgggegetggegtgacggtacgeaateat
Gecaacggacgcategtcggcaacgtgaagttcgaggetggegacgacagegteatactce
Gacggcggctctaccatcaccggatccttgaacggtggeageggcaacaacagectgacyg
Ctgaaagceggegacggcacgetgggecgegeaatcecgcaactteggeacgatcaccaag
Caggaggctggaacctggaccctgaatggecaggtcggccgecaacgacaacaacctcaag
tcecacggtcaaggtggagggeggcacgetggtettgegeggegataacageggegecace
cagggcggegtgttgecaggtgtecgecggegetacggeggacgtaactgecgecagegec
atgcagtccatcagcaacgecggcacggttecagttcacgcaggacagcaatgeegectac
geeggegtgetgagegggaccgggagcategtcaagegeggeggeggegacctgacgttg
acgggcaacaacacccataccggcaaggtggtggtggaggegggcagectcagegtateg
geggccaacaacctgggtggegecaggtagtteggtacagetcaagggeggegecetegee
ctcaagaaaaccatcgtegtcaatecgeggectgacgetecgattecggggegeagacgttyg
atcatecgagecgggaacaaccacgacctggcaaggecaggttageggegecggcaaactyg
gtgacccagggcggeacgetggtgetggagecacgegtccaatacgtatageggeggtacg
gagatcaacaacggaacgctgegggeggegecatgatgeccagectgggttecggeacgttg
gcgeteaagaacagecagcetggecgecacggacagettcacggccacgegtgeattgacyg
ctegetggaaacgaaagcatagacgtcgcagecaccaagatactcagttggaacggegaa
atcagcggegecggecaccetggtgaaggaaggecaggggaccttgetgetgegeggaace
aatcagcaaaatggcggcacgaccgtcaatgecggtacgectgecagatatecegegacgee
aatcttggoegaggggegetggegetgaacgacggecacgctgcagagecaccggeagette
gegacctegegegeggocacctitgegeggecaggecaccatggaggtcgacgettegeat
accgtgacctggaatggcgagctgagecggeggeggcatgttgegecaagtcaggecaggge
acgctggtectggecggegecaacacgtactegggtggecacggtggtcgaggeeggegeyg
cttegggeaggacacgaagacaacctgggacggggegcaataaccoctgecagggeggagat
ctgettgecggeggeagtttttegageaacegegatctcacgettgtecgeggttoetty
gacgtggctegegacgetaccctgacctggageggegegatatecgggegecggegatetyg
gtcaagaaaggggacgggcgectgacactcacgggegtcaacgagtacgeccggecagace
gtgcteceggggeggcaagetgegtgtggecagggacgaaaacctgggecgeggageacty
gtgctggaagacaataccgtgttcgagagcatgggetegecatgecgecacgeggeaggte
acgctcaagggegegeccaaggtagagacgettgacggeactacgetcgaatggegegge
acggtcgacggcgacggcaagctgtacaagcaaggcggeggeacgctegtgetgagegge
aacaatacctacgccaagggcegtecgaggtetggggeggggtegtgcaagtetetegegac
cagaacctgggegeggecaatggegeggtcacgetcaacggeggegggttggeggecaac
ggggatttcaccagcaatcgecagetggagetgacegeeggggecaaggecategacgte
gcggccggcaaggacgtgacgtggegeggtgtcgtcaacggegecggegegetgaccaag
gceggegacggtacgetggegetggeeggegecaacacctacaccggeggecacgegettyg
cagggcggcaccgtgcaggtategegegacaacaacctcggecaggeegecggegegate
acgttcgacggegggecggetggecaacacgggcagetttgegacecgegegeacggeccacy
ctcaacaaggctggccagatcgataccgaccggggcaccacgetgacatggaacggegec
atcggcggecaagggegagetgegcaagecaaggggegggeaccectggtgetgggeggagee
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aacacttaccagggcgacaccegcegtcgaggceggeacgectgecaagtgtcggecgacgee
aatctgggccagggegecgtgcatetgecacgacageeggetggegacgacecggtacgtte
gcgacctecgegecgtetggagttgaccggacgtggegeggtgeaageggetgecgeegee
acgctggattggecgegggacggtecgetggegeeggeacgetggt caaggagggcgecagge
acgcetggtgetggecggtgacaaccagcatgceggeggecaccgaggt cagggecggcacyg
ctgcaggtatcgegegecaccaacctggggeceggegegetggegectggagaacgeggeg
ctggccacgaccegcecagettcacggecacgeaggecagecaccetgactggeaacgeegee
atcgacacggecgoacggeaccacgetgggatgggagggggecat cggeggaaccggeage
ctgcacaaaaagggcgagggcaagctggtgetggtcaaggacaaccaccatgacggegge
accacgatccacgceggtacectgcaggtgtecgegegacgecaacctgggetecgggacayg
agcgeggtgacgetggatggeggegecctggeggtttectgecgggttetccagegggege
gagatcgtegtgggegecgggcacggegegettteggtgacgggeggecacacectgeaa
tggeagggccaggteggeggggegggggegttgaccaagacgggegacggecacgetegtyg
ctggagcacgacaatacccacgccggeggtacceggattacecggeggggtgetgegegte
tcgegegatgagaacctgggegaggegcatggeatgetgacget cgacggeggecacgetyg
tcgaccaccegeegggttegegagecggegecaacgecaccgtgggecaacggeggcggecgyg
atcgtegtegecgacgeecgecacgetggatttgecagggegacgttgeeggegegggecgy
ctggtcaaagagggcgegggeacgetggecttgggeggecacgaacacctatgecggegge
accgtggtegaggececggecacgetgegggtcgegegegacgcecaacctgggeggeggegeyg
ctgaccctgaacaacageccgectgecatgegacegecggetttgecaceggecgegatgeg
accctecteegggegegectegategacaccgacgaccgggcgacgetgcaatggegegge
acggtcaatggegecggcaggctggtcaageagggectgggeaccctggtactggacgge
gacaaccggtacgegggaggecaccegaggtecaatgecggeacgetgcaggtegegegegac
gccaacctgggegecgggegacgtggegetcaatggecagecagectggecgegacegecage
ttcgecaccgegegecacggecacgectgageggegeggecgccat cgacacggecgacgge
gccaccttggactggaatggecctgctegacggtgacggegecctggtcaagcagggeaac
ggcaccectggegetggecgeggecaacegetatggeggeggcaccategtcaaggeggge
gecegtgeggategecegegacgecaacctggggegggecggeacecggegtaacgetggac
ggcggcegegetggeccaccacggeggatetecgegaceggecgegeggegacectgggegeg
gccaacggcacgctggacgtggececgecggcecaccegectggactggaacggggegatcgge
ggcgecggcegogcetgaccaagaccggegecggcacectggeget caaccacgacaaccag
catgeccggeggeaccetggtecatggeggcacgetgeggategececgegacgecaacetyg
ggcgcggegggeacggeggtgacgetggacggeggcacgctggecaccacggegtegttyg
gcgeccgagegegegetgegegtcggggegegecaacggegtattgetgeeggacgeggge
acgaccctggattggeggggegtggtegeeggegegggcaagetgaccaaggecggteeg
ggcacgectggtgetecagegecgataaccgecatggeggeggcacggecagtcaccggeggt
acgctgcaagtttegegegacgecaacctgggegeggeggceggegecctgacgetggac
ggcggcaccttgetgagcaccgecagetttgecteggegegtgtecgecacectegatgea
gcgggcggcaccttegtcacececgegacggecacceggetggattgggacggegegatagge
ggggcgggtggectggtcaaggaaggegecggegagetgeggettggcaatgecaatace
taccaggggcecgacecegecatcgecgecggecgectggecgtcaacggecageatecgecage
ccggtcacggtegagcaggecggegtgetgggeggcacgggeegeategteggggatgty
gccaaccgcggegtggtegegecgggeaactegatecggegegttgacggtggecggeaat
tacgctggtacgggcggcagecectggaagtggaggeggtgettggeggegacgecgegecy
gccgatcggetggtgetegacggeggegeggecageggegtcacgecggtegtagtecaag
ccgcagggeggggtgggeggectgaccetgegeggeattececggtggtecgtggeccagggt
ggcgccacgaccgcgceccggggecttecegeetggegeagecgetggtegegggegectac
gagtaccagttgetgegeggegegggegacggegecgeggegecaggegcaagactggtac
ctgcgtacctceececgegtegagegegacaaggegggeaggategtcaaggtegtgecctte
taccggcecgaggtggegetgtatgecggeacgeccatgetgatgegeatggteggeacy
gaagcgcectgggcagctaccgegaacgcgegggccageceggcgeggecgcgeeccgaggea
ggcgccgeageccggegtggegtgtgggecacgtacettegggegtegtttegagegetee
gcgggcagcgaageggegecgtecttcaacggcagectggccggeatgecagetgggegeg
gacctctacacgegtcecgecteggecacecggecatgeegacgectteggegtgtteggegga
tacgccacggeccgeggcegatgtgeggggectggegegeggegagatccaggeggtggge
acgtccacgctgecgggecegeccagetgggegectactggacgecacactggteccgagegge
tggtacgtcgacacggtgetggegggcacgegetacaagcageagaccagetegteggee
catgteggcgegaccagcegeggctggggeatgatggecteggtggaggecggetaceeg
tggcagetcaatececgegetggecaaatcgagecgcaggeccagttggtgtatcagecagett
ggcatcgccaatggegeecgacegegtgtecttecggtgtcgtacaagacgececgatgegetg
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acggggcggctgggecacgcgectggegggcecagtacgeatacgggaaggegcagttgegg
ccgtteatgggegtategectgetgeacgatttecacecggegecgacacegtcacgttegeg
ggcgtgcacagcegtacgegecagecgecagaacacggeegtggatetgaaggegggegtg
gacacgcagctgggcaagagcgtaggectgtgggggecaggteggetacggcaagteggte
ggcagcggcgacggcagcgaccgtggetggagegecaacctggggetgegegtggegtat
tga

SEQ ID NO:50 polypeptide sequence of Orf25

MRRLKAQAFEGSRSRPAGHGVAPTLLALALGFQGAAAWANCTTSNGATTCTNANGSHTNK
VGSGPSGMNERVTVNQGARIETNASAAISVGTSGQVRIEGGAVVQSTVNTAASGQYAKTL
EAASNNNISIQVNAQLLAKGSASQSSALGLSCGAGNTVINHGTIRADNAAATWVTANTANA
ANTIDNYGTIETVLNGGYANAIGSTRNNSATGAGVITVRNHANGRIVGNVKFEAGDDSVIL
DGGSTITGSLNGGSGNNSLTLKAGDGTLGRAIRNFGT ITKQEAGTWTLNGQVGRNDNNLK
STVKVEGGTLVLRGDNSGATQGGVLQVSAGATADVTAASAMQSISNAGTVQFTQDSNAAY
AGVLSGTGSIVKRGGGDLTLTGNNTHTGKVVVEAGSLSVSAANNLGGAGSSVQLKGGALA
LKKTIVVNRGLTLDSGAQTLIIEPGTTTTWQGQVSGAGKLVTQGGTLVLEHASNTYSGGT
EINNGTLRAAHDASLGSGTLALKNSQLAATDSFTATRALTLAGNESIDVAATKILSWNGE
ISGAGTLVKEGQGTLLLRGTNQONGGTTVNAGTLQISRDANLGRGALALNDGTLQSTGSF
ATSRAATLRGOATMEVDASHTVIWNGELSGGGMLRKSGQGCTLVLAGANTYSGGTVVEAGA
LRAGHEDNLGRGAITLQGGDLLAGGSFSSNRDLTLVRGSLDVARDATLTWSGAISGAGDL
VKKGDGRLTLTGVNEYAGQTVLRGGKLRVARDENLGRGALVLEDNTVFESMGSHAATRQV
TLKGAPKVETLDGTTLEWRGTVDGDGKLYKQGGGTLVLSGNNTYAKGVEVWGGVVQVSRD
QNLGAANGAVTLNGGGLAANGDFTSNRQLELTAGAKAIDVAAGKDVTWRGVVNGAGALTK
AGDGTLALAGANTYTGGTRLQGGTVQVSRDNNLGQAAGAVTFDGGRLANTGSFATARTAT
LNKAGQIDTDRGTTLTWNGAIGGKGELRKQGAGTLVLGGANTYQGDTRVEAGTLQVSADA
NLGQGAVHLHDSRLATTGTFATSRRLELTGRGAVQAAAAATLDWRGTVAGAGTLVKEGAG
TLVLAGDNQHAGGTEVRAGTLQVSRATNLGPGALALENAALATTASFTATQAATLTGNAA
IDTAAGTTLGWEGAIGGTGSLHKKGEGKLVLVKDNHHDGGTTIHAGTLQVSRDANLGSGQ
SAVTLDGGALAVSAGFSSGREIVVGAGHGALSVTGGHTLOQWQGQVGGAGALTKTGDGTLV
LEHDNTHAGGTRITGGVLRVSRDENLGEAHGMLTLDGGTLSTTAGFASRRNATVGNGGGR
IVVADAATLDLQGDVAGAGRLVKEGAGTLALGGTNTYAGGTVVEAGTLRVARDANLGGGA
LTLNNSRLHATAGFATGRDATLSGRASIDTDDRATLOWRGTVNGAGRLVKQGLGTLVLDG
DNRYAGGTEVNAGTLQVARDANLGAGDVALNGSSLAATASFATARTATLSGAAAIDTADG
ATLDWNGLLDGDGALVKQGNGTLALAAANRYGGGTIVKAGAVRIARDANLGRAGTGVTLD
GCALATTADLATGRAATLGAANGTLDVAAGTRLDWNGATGGAGALTKTGAGTLALNHDNQ
HAGGTLVHGGTLRIARDANLGAAGTAVTLDGGTLATTASLAPERALRVGARNGVLLPDAG
TTLDWRGVVAGAGKLTKAGPGTLVLSADNRHGGGTAVIGGTLQVSRDANLGAAAGALTLD
GGTLLSTASFASARVATLDAAGGTFVTRDGTRLDWDGAIGGAGGLVKEGAGELRLGNANT
YQGPTRIAAGRLAVNGSIASPVTVEQAGVLGGETGRIVGDVANRGVVAPGNSIGALTVAGN
YAGTGGSLEVEAVLGGDAAPADRLVLDGGAASGVTPVVVKPQGGVGCGLTLRGIPVVVAQG
GATTAPGAFRLAQPLVAGAYEYQLLRGAGDGAAAQAQDWYLRTSRVERDKAGRIVKVVEF
YRPEVALYAGTPMLMRMVGTEALGSYRERAGQPGAAAPEAGAAARRGVWARTFGRRFERS
AGSEAAPSFNGSLAGMQLGADLYTRRSATRHADAFGVFGGYATARGDVRGLARGEIQAVG
TSTLRAAQLGAYWTHTGPSGWYVDTVLAGTRYKQQTS SSAHVGATSRGWGMMASVEAGY P
WQLNPRWQIEPQAQLVYQQLGIANGADRVSSVSYKTPDALTGRLGTRLAGQYAYGKAQLR
PFMGVSLLHDFTGADTVIFAGVHSVRASRONTAVDLKAGVDTQLGKSVGLWGOVGYGKSY
GSGDGSDRGWSANLGLRVAY

SEQ ID NO:51 polynucleotide sequence of Orf26

Atgttgecgaactggageccecgatgegtagegecegecgecgtacececcagecacgacttgee
Cecgttgecggecatgetggecgecgeeggectgetgeaateecttgggegegacgecegeyg
Geegeggectgtgegeecacgctggegecagecagegggcagagegtgcaatgegacgge
Gecegtggtcaaccagteggt cgaggeggeggecggcagecagaacgtaaccatcacggty
Gegeccggegegetgttectegaccaacgegacgegggegetgteggtcgatgacegeage
Cgtatcgtcaacgagggcacgatccagatggcecggeggegecggcgectegegeggegea
Atggtgggtttecggcgacaacaaccagttgatcaaccgeggategatcacgacateggge
Bgecggegtgegeggeateteggtgeccaacgteggecagtacegggacgetggtegacaac
Agcggcagcatccgcacceagggcgccagegegcacggeatecgecatcaacggeccgggce
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Aaccgcgtccagaacageggcegcecatcaccgtcaacggecacegacgeccaagggegtgtat
Ctgcaaggcggcagccccgeggccaacgtactggt caacggeggcaccatccatgegege
Ggcgecagcagcaacggeatatteggeccegacggegtgeatgtgaacaccacecaacgac
Aacggcttteatgeccgegtegagaacctgeceggegggegeatcetcagegatcacteg
Tatgcgctgegcgggcagaacggcaacgataccttcatcaacgecggetacctgecaaggg
Cacggcggggccggcecgegacacggecgtetacatgggecceccagggecacgggeacgetyg
Atcctgcgecaccggeteggecategecggectggecgacggeggeggggeggcecagecat
Gegtatctggagggeageggcacggtggacaaceggttegecaactteegeacectgace
Atgegcggegecgactggegetggaccteggacgeecgegttecacegaaagegtggacctyg
Cgcaccggcacattectttecttgeeggecacgetegecageceggecaaccgectggecgee
Ggcgeggtgetggeceggeaceggecacgectggecggegeattgegecaacgeecggegaaate
Cggceceggeccgaacgacggceageggcetacggegegetgacggtgegeggegattacacce
Ggcgegggeggcegegetgegegtcaacacggtgetggecggegacggggecgecteggac
Aggctggtceatcgatggecgggcacgeeggeggeagecacceeggtcacggtggtecaacecgg
Ggcgggcagggcgegctgacegeggecgacggeatcctggtggt ccaggecatcaatgge
Gecaagctcecggacgceggegecttetegetggeegeccecectcaacgeecggegeatacgag
Tacaggctgtaccgeggeggegecacgggegecgegecggacagetggtacectgegeteg
Cgggcctatetggtegaggaccaactggecggecagecttgecgaagecgaggecgategec
Gacgacatcggccggegeaccggcgageggecgageatecgaggacacgeecgetgtacegg
Ccecgaggtggegcectgtacagecagecattececatgetggegeggegeatgggectggeccag
Ctgggcaccttccacgaacggcagggcaaccaggcecgctgetggegegegacggegaacgce
Gtcgeggectgggegegegectatggeggecaacagecaagecaggaegetcgacggegatgeg
Caacccggeatcgacgeccegectggecggegtgecaactggggecaggacctectacagecage
Gtgcgcecggacggeggacagcaccgettegggetgttecggeggetatggecaggegege
Ggcgacacccacggceteggecggeggegagegegacgeegetacecggeeggetgacecate
Gacggctacagcgtecggeggetactggacctatgtecggecegegegggtggtacgtggat
Geegtgetggecaacacctggatggacatcgacaccgactccaaggeccgggegegacgec
Gatacgcgeggccaggegttcacggettegetggaaagtggetaccecgetggegetgtee
Gagcgctggacgctggageegecaggegeagcteatctaccagecacacgegegtegacggt
Ttctecggacgecgtgtecgaggtgegeatccgegacgacaacgegetgacecgeccgectyg
Ggcgeccggcectgeagggegagtacgeggecgeecgegecaggtgtggecgececctacgeggeyg
Ctgaatttctggegecaccttcageggegagaacacegtegtgetgggegaagacageatc
Gataccecggegeggegegacctegetecgaactggeggecggegecagegtgacgetggee
Cgcagcctggecctetacggecaggetggectatgecaccagecatecgacagecagtatetg
Cgcggcegetteggegecagetggggatgegetacacctggtaa

SEQ ID NO:52 polypeptide sequence of Orf26
MLRTGAPMRSARRRTPARLAPLPAMLAAAGLLOSLGATPAARACAPTLAPASGQSVQCDG
AVVNQSVEAAAGSQONVTITVAPGALFSTNATRALSVDDRSRIVNEGTIQOMAGGAGASRGA
MVGFGDNNQLINRGS ITTSGSGVRGISVPNVGSTGTLVDNSGS IRTQGASAHGIAINGPG
NRVQNSGAITVNGTDAKGVYLQGESPAANVLYVNGGTIHARGASSNGI FGPDGVHUNTTNA
NGFHARVENLPGGRILSDHS YALRGONGNDTFINAGYLQGHGGAGRDTAVYMGPQGTGTL
ILRTGSAIAGLADGGGAASHAYLEGSGTVDONRFANFRTLTMRGADWRWT SDAAFTESVDL
RTGTFFLAGTLASPANRLAAGAVLAGTGTLAGALRNAGEIRPGPNDGSGYGALTVRGDYT
GAGGALRVNTVLAGDGAASDRLVIDGGHAGGSTPVTVVNRCGGQGALTAADGILVVQAING
ASSDAGAFSLAAPLNAGAYEYRLYRGGATGAAPDSWYLRSRAYLVEDQLAGSLAEAEATA
DDIGRRTGERPSIEDTPLYRPEVALYSSIPMLARRMGLAQLGTFHERQGNQALLARDGER
VAAWARAYGGNSKQALDGDAQPGIDARLAGVOLGODLYSSVRPDGEQHRFGLFGGYCQAR
GDTHGSAGGERDAATGRLTIDGYSVGGYWTYVGPRGWYVDAVLANTWMD IDTDSKAGRDA
DTRGQAFTASLESGYPLALSERWTLEPQAQL I YQHTRVDGFSDAVSEVRIRDDNALTARL,
GARLOGEYAAAAQVWRPYAALNFWRTFSGENTVVLGEDS IDTRRGATSLELAAGASVTLA
RSLALYGRLAYATSIDSQYLRGASAQLGMRYTW

SEQ ID NO:53 polynucleotide sequence of Orf27

ATGCCTGCTCAACGCACTCCTCGCACCGCAETTTETGAGGCCACCETCCGTTCATCGCCA
CGTTGGATCCATTGCACCGGATTCGTGCTGTGCGCGCTGCTGGCGEGCATGCGGAGGCGGET
GGCGGCEGAGETGECEECCEAGECEETGECEGCAGCCCGEECEECCETECGCCATCGGCG
CCGCAACCCGCCCCTTCGCCACGCCCCEGAACCTGCACCCGAGCCGGCACCCAATCCTGCG
CCCAGGCCTECTCCGCAACCECCEECECCCECECCTEEAGCECCCCGTCCTCCCGCGCCG
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CCACCGGAGGCTCCCCCGCCCETGATGCCGCCECCEGCCGTGCCGCCTCAGCTGCCCGAA
GTGCCGGCCGCAGACCTGCCCCGCETGCGCECECCECTETCGACATACCGGCGGCCGCAA
CGCACCGACTTCGTCACGCCCACCGGCEGECCETTCTTCGCCAAGCAGGACARAGCCCTC
AACACCATCGACCTGAAGATGGCGCACGACCTGAAGCTGCEGGGCTACCGCGTCARAGTC
GCGETCGTCGACGAAGGCGTGCGCAGCGACCATCCGCTCCTCGAACGTCGAGAAGAAATAC
GGTGGCGATTACATGGCCGACGGCACCCGCACCTACCCCGACCCCAAGCGCCAGGGCAGE
CACGGAACCTCGGTCGCCCTGGTACTGGCCGGACAGCACACCGACACGTATCGCGGECGGL
GTTGCQCCCAATGCCGACCTCTATTCGGCCAACATCGCECACECGGGECCEGECCACGTCTCC
GACGAAGCCGCATTCCACGCCTGGAACGACCTGCTCGGGCACGGCATCAAGATCTTCAACL
AACAGTTTCGCCACCGAAGGTCCGGAAGGCGAGCAGCGCCTCAAGGAGGACCGCAACGAA
TACCATAGCGCCGCCAACAAGCAGAACACCTACATCGCACGGCTCGATCGCCTGGTGCGC
GACGGCGCGCTCCTCATTTTCGCCGCCGGCAACGGCAGGCCATCGGETCGCGCCTACAGT
GAGGTCGGCTCGGTCGGACGCACCCCTCECETCGAGCCGCACCTGCAACGCGGCCTGATC
GTGGTCACCGCGGTGGACGAARAACGGCAGGCTCGAAACATGGECCAACCGCTGCGGGCAA
GCGCAGCAATGGTGCCTGGCCGCGCCCAGCACCGCCTACCTGCCCGGCCTCGACAAGGAC
AACCCCGACAGCATCCACGTCGAACAGGGCACGTCGCTATCCGCGCCGCTGGTCACCGGC
GCCGCCGTACTGGTGCAGGATCGCTTTCGCTGGATGGACAACGACAACCTGCGCACCACC
TTGCTGACCACGGCGCAGGACAAGGGCCCGTACGGCGTCGACCCGCAGTACGGCTGGGGC
GTGCTCGACGTGGGCCGCGCCETGCAGGGCCCGGCGCAGT TCGCCTTCGGCGACTTCETC
GCCCGGGTTACGGATACCTCCACGTTCGGCAACGACATCTCCGGCGCCGGCGGALCTGETC
GTCGACGGCCCCGGCGCGCTGATCCTGECCGGCTCCAATACCTATGCCGGCCGCACCACT
ATCAAGCGCGGCACCCTCGACGTCTTTGGCAGCGTCACGTCCGCCGTCACCGTCGAGCCT
GGCGGCACGCTGACCGGCATCGGCACCETCGECACGGTGACCAACCAGGGCACGGTGETC
AACAAGGAGGCCGGCCTGCACGTCAAGGCGAGATTACTCACAGACCGCGCAGGGCCTECTG
GTCACCGACATCGGCTCGCTGCTCGACGTATCCGGCAGGGCCAGCCTGGCCGECCGGCTG
CATGTGGACGACATCCGCCCCGGCTACGTCGGCGECGACGGGAAAAGCGTCCCGGTCATC
AAGGCCGGECGCGGTGETCCGGCEGTCTTCGCCACGCTGACGCGCAGTCCGGGCCTGCTGCTC
AACGCCCGGCTGGACTACCGGCCCCAGGCCGTCTACCTGACCATGCGGCECGCCERAGECGC
GTCCATGCCGCGGCGCAGCEGGGCGECGRACGACGGECETCECGCGTCEGETGCTGGCLGTG
GCCGAGCGGCTCGACGCCGCGATGCCGCGAACTCGATGCCCTGCCCGAGTCGCAGCGCGAL
GCCGCGGCGCCGGCGGCCGCCATCGGACGCATCCAGCGCGTEGCARAGCCGCAAGGTGCTS
CAGGACAACCTGTATTCGCTGGCCGGCGCCACCTACGCCAACGCCGCCGCGGTCAACACG
CTGGAGCAGAACCGCTGEGATGGACCGCCTCGAGAACCACCTGGCCCAGGCCEGCGEGLGAG
CGCGTGGCGGCCATCGCCGAGTATCGCCACGGCCAGTTGCECTGGCGCCCCGATGGCCTG
CAAGGCCGCCAGCGCGGCAACGGCATCATGCTEGGCCTGACGCECGAAGTCTCGGCCGGL
CTGAGCCTGGCCGCGGCCCTGACCCACAGCCGCACGCACTGGGACGAGTCGTCCGGCGLE
CCGGCCCGCGACAACGCCGCCATGACCACGCCGGGCGTACTGCTGGECGCGCGCCGCGLT
TGGGAGGACGGCTGETTCGTGCAGGGCGCACTGGGCTATAGCCGCTACCGCAACCAGGCTC
ACGCGCCACATCTCGCTCGEGCGATGCCGECCACACCATCGGCGCCACCGCCCGGEGCCAL
GTCTGGCAGGCCGACGCCGGCCTGEGACGCCAGTGGACGCTCGCCCCCGGACACACGCTG
GCGCCTCGGGCGGGCCTGCAACTCACGCATCTGCGCCAGCAAGGTTTCAGCGAGAGCGGTC
GCGCAAGGACTGGGGECTGCGCGCCCACGCCTTGACGCGCACCGTGCCCACGCTATEGGCE
CAACTGCARAGCCGCCATGCCTTCATGCTGGGAGCCACGCCCATCGACGGCGCAGCTGCAA
CTGGGCGTCTGGCATGACCTGCGCACGCGECECTACGCCECCTCCGGCGETTTCGCCGGT
CTGGCGCAGGACCAGGGCGCCAGCGGECTACTGGCCCGETGCCGCGCACACCCETACAGGGL
GCGECTCGGCCTEGCGCGCCGAGTTCECGCCAGGCCTCATECTGGGGCTGGGCTACACGGGC
CAGCTTGCCACGCACTGGGTCGATCACCAGCTCAGCGCCAGCCTCACTTACCGCTACTGA

SEQ ID NO:54 polypeptide sequence of Orf27

MPAQRTPRTAVCEATVRSSPRWIHCTGFVLCALLAACGGGGGGGCEGGEGESPGGRAPSA
PQPAPSPRPEPAPEPAPNPAPRPAPQPPAPAPGAPRPPAPPPEAPPPVMPPPAVPPQLPE
VPAADLPRVRAPLSTYRRPQRTDFVTPTGGPFFAKQDKALNT IDLKMAHDLKLRGYRVKV
AVVDEGVRSDHPLLNVEKKYGGDYMADGTRTYPDPKRQGRHGTSVALVLAGQDTDTYRGG
VAPNADLYSANIGTRAGHVSDEAAFHAWNDLLGHGIKIFNNSFATEGPEGEQRVKEDRNE
YHSAANKQNTY IGRLDRLVRDGALLIFAAGNGRPSGRAYSEVGSVGRTPRVEPHLQRGLI
VVTAVDENGRLETWANRCGQAQQWCLAAPSTAYLPGLDKDNPDS IHVEQGTSLSAPLVTG
AAVLVODRFRWMDNDNLRTTLLTTAQDKGPYGVDPQYGWGVLDVGRAVOGPAQFAFGDFV
ARVTDTSTFGNDISGAGGLVVDGPGALVLAGSNTYAGRTTIKRGTLDVFGSVTSAVTVER
GGTLTGIGTVGETVTNQGTVVNKEAGLHVKGDYSQTAQGLLVTDIGSLLDVSGRASLAGRL
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HVDDIRPGYVGGDGKSVPVIKAGAVSGVFATLTRSPGLLLNARLDYRPQAVYLTMRRAER
VHAAAQRGADDGRRASVLAVAERLDAAMRELDALPESQRDAAAPAAATIGRIQRVQSRKVL:
QDNLYSLAGATYANAAAVNTLEQNRWMDRLENHLAQAGGERVAATAEYRHGQLRWRPDGL
QGRORGNGIMLGLAREVSAGLSLAAALTHSRTHWDES SGAPARDNAAMT TPGVLLGARRA
WEDGWFVQGALGYSRYRNQATRHISLGDAGHTVGATARCGHVWOADAGLCGROWILAPGHTL
APRAGLOLTHLRQQGFSESGAQGLGLRAHALTRTVPTLWAQLQSRHAFMLGATPMTAQLQ
LEGVWHDLRARRYAASGGFAGLAQDQGASGYWPVPRTRVQGALGLRAEFAPGLVLGLGYTG
QLATHWVDHQLSASLTYRY

SEQ ID NO:55 polynucleotide sequence of Orf28
Atgtegtcceegegtcoccecegeaccttggegegeacegetegegettgeeggectgteg
Cttggttgcgctgccggcgcatacggcgcgcccgcgccggcacaaaccgtcgtcaccctg
Cccgcgcaagaggtcatcggcgacagcgtcgcggcggcccggtccgtgctgcgcctgccg
gagatcgagcgegegeaggecgacaacttogectceectggtegatcagetgecgggeate
tegatggecgget ctcegegecocggegggeaaagectgaacatctggggeatgggegat
accgaggacgtgaaaatcgtcctcgatggcgcgcccaagggtttcgagaagtaccgccag
ggctcggtcttcatcgaacccgaactgatccggcgcatcgaggtcgacaaggggccgcac
aacctggtcgacggcaatggegggtteggeggeacegtcaagatcgataccaaggatgeyg
gccgacctgttgccgccgggcgcgcgcttcggcgcgctggccaagtacggccgccattcg
aacgacggccaggacatctacagegtggegetgtacggecgeacccgegecgacggggece
gacggcctgetgtatgecaaccgecegegacggeggegatctgegecgececgacggeace
cgcttcegecatactegcgcaacaaccagegetegetgetegecaaggtcaacctctateey
gacgacgcccagaccatcaccctgtcggccatgcgttcgaatgcggcgggttggcaaccc
ttegeggecaagegecgacgatcttecegegecttegeaggeegatategaccgetacgge
ctgaccgaagcatggcggcgcaagctggtccatcgcgaccagctcgaccagaactacagc
gcgaaatggaacatcgccccatccgcccatccctgggtgaacctcacgctggcctatgcc
cgctcggacacccggcagcgcgaccggcgctcgtcccgggcgtcgcagtcggcctttctc
ggcacgctgggcaacaagagttgggtecgactacegegacgaccggttegacctecageaac
gaaagccacgtggccctgggcacggccgagcatgtcctgctggcgggcctgcgctggcac
cggcatcgccgcgacacgctcatgtactacccgcccggccgcggcgagcccgattacaac
cacgggtacttccagccgcactacatgccttcgggcacgcagaccgtgcgcagcctgtac
ctgcaggacgccgtcaccgtcggcggccttaccgtcacgcccggcgtgcggtacgaccat
gtcgccaataccggcaggccaaacgacgcgccccgctacaacaaccccgcccccgtggcc
gggcatgactaccgccgcgtctcgtacgcgggctggaccccgcacctgggcgtggtctgg
aaggcggogegaggegtggegetgttegecgacgeeggecgeacctggegegeaccegte
atcgacgaacagtacgaagtgcaatatgcgaagtccaatgtgtcgggcagcagccgggcg
ctgcggcccgagcgcatcgtgggcctgcgcgccggcgccgtactggattacaacgatatc
gcgacgcgcggcgacagcgtgcagatacggaccacgctgtttcgcaatcgcggcaagcac
gagatcttccagcgccgtggcgtggcatgccgcgggcaggccgagggcggcgccgcctcg
gactgccccaagcccttgtccaactaccgcaacctgcccggctacaccatcgaagggctg
gaactggagacctactacgacagcccggcgatgttcgccagcctgtcgctttcggccatg
cgcgggcaccgegacgcctegecgegegat ccatgggggecgegeacctggategeegag
atcccgccggtctcggcgcgcgcgatgctgggcgtgaaactgccgcgcctggacatggtc
ctgggatggcgceggcgaattegtgegeegecaggacegetegeegaccgacggegaceey
ctggccggctactgggccttgcccaagaccgccggctacgcgctgcacggcctgttcgca
agctggcaaccccggcatgtcaaaggcctggacgtgcgcctggccgccgacaacctcttc
aaccggccctatcatccctacctgggcgaagcggtatcgggcacgggccgcaacatcaag
ctgagcatcgecccagegettetag

SEQ ID NO:56 polypeptide sequence of Orf28

MSSPRPPAPWRAPLALAGLSLGCAAGAYGAPAPAQTVVTLPAQEVIGDSVAAARSVLRLP
EIERAQADNFASLVDQLPGISMAGSPRPGGQSLNIWGMGDTEDVKIVLDGAPKGFEKYRQ
GSVFIEPELIRRIEVDKGPHNLVDGNGGFGGTVKIDTKDAADLLPPGARFGALAKYGRHS
NDGQDIYSVALYGRTRADGADGLLYANRRDGGDLRRPDGTRFAY SRNNQRSLLAKVNLYP
DDAQTITLSAMRSNAAGWQPFAAKRDDLPAPSQADIDRYGLTEAWRRKLVHRDQLDONYS
AKWNIAPSAHPWVNLTLAYARSDTRQRDRRSSRASQSAFLGTLENKSWVDYRDDRFDLSN
ESHVALGTAEHVLLAGLRWHRHRRDTLMYYPPGRGEPDYNHGYFQPHYMPSGTQTVRSLY
LQDAVTVGGLTVTPGVR YDHVANTGRPNDAPRYNNPAPVAGHDYRRVSYAGWTPHLGVVIW
KAARGVALFADAGRTWRAPVIDEQYEVQYAKSNVSGSSRALRPERIVGLRAGAVLDYNDI
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ATRGDSVQIRTTLFRNRGKHEIFQRRGVACRGQAEGGAASDCPKPLSNYRNLPGYTIEGL
ELETYYDSPAMFASLSLSAMRGHRDASPRDPWGPRTWIAEI PPVSARAMLGVKLPRLDMV
LEWRGEFVRRODRSPTDGDPLAGYWALPKTAGYALHGLFASWQPRHVKGLDVRLAADNLE
NRPYHPYLGEAVSGTGRNIKLSIAQRF

SEQ ID NO:57 polynucleotide sequence of Orf29
Atgaaggcgcggegecetggecatggegggtctgtegetggeget cggeggetgetegetg
Tcgecagcagatgecaggcecatgegegacgeaegegacgtcecctgegegecacgectgetecgaa
Gggcagcaggccgtgggeccgggecggegageggccggegegegaageccgeccaggacgte
gcgeggecctggectggecegggegegeccagecgetggeacgegaggtgetgetgeecgeeg
gcgctgegegecegatgtegatacgaccetgetgttegegggcaaggccacgetgeecegtyg
ctggeccgagegectgecategegecaceggeatcgecgtgegegtgecateccgacgegetg
ctagcegegegeegecttectgeegegectggeggggeaggecgagetggeggecgagect
ceccgeccaggecgaactgegggeccgggecegegteecgetggecgacacgetecgacgegetg
gcecgegeagetgtacgtgecactggegetaccategeggegecategagttetacecgeace
gaaacgegggtcttcecgatgtgegecacgetggegetggecgecagegegecaggeteggetg
ggccgegecggecageggcegagacgggeagtttegaccatgectegagecacggtgetecage
gccgacgceceggeaaggegcectgecaggeegtgegggaccgegtegeecgetttecetgacgege
gccggcegtecatecgecgagat cgaggegggeggaagecacgetegeggtcacggatacgeeg
gaggcgctegcegegecatcecgaaaaatacctgecaaggegagaaccgegecctgacgegecgg
gtacgcctggtgttcgaagagcectcacggtgegecaccacggecgecgeegaaggeggeatc
gattggcaggcggtctacgecagegegegegecgeggegtegtacgecatgeceggeggy
gceggegeggeaggegegetecggggecegegtgetggecgggecctggegegacgegege
gcectgategeegegetgageaccatgggageggtactgegecategecagecatacceatyg
ctgacgctgaaccggcgegecgtcacccacgeecgtgegecaccacgttttectacgtggac
caggtgcagcgcctgageccgaccgeggeggegeceggtgggegegatgeegtgeceggyg
ctggcggtgeagcagaagecgegagacggtgggeacgttectcacgetgttgeeccgaggeg
cgcgatgacggecgecatccotgectctecatttectatgacaacaccattgeccageegetyg
cgcaccctgacctteggegagggeggecagcaagtgtcgetgeagecagategecategac
ggcagcggcategtgecagecaggtcgagetgetgeceggecageececgtcatcectgteggge
ttecgaccacagcgaagaccaatacgaacgccaccgectgtttcecgatgegecgetegeg
gceggcecgggcacgaccgcacggegegegagegggt cacgacecgtggtecatggtcacegeg
cagatcgacgagggttga

SEQ ID NO:58 polypeptide sequence of Orf29
MKARRLAMAGLSLALGGCSLSQQMQAMRDAATSLRARLLEGQQAVGRAGERPAREAAQDV
ARPWLAGRAQPLAREVLLPPALRADVDTTLLFAGKATLPVLAERLHRATGIAVRVHPDAL
LPRAAFLPRLAGQAELAAEPPAQAELRAGPRPLADTLDALAAQLYVHWRYHRGAIEFYRT
ETRVFDVRTLALAASAQARLGRAGSGETGSFDHAS STVLSADAGKALQAVRDRVAAFLTR
AGVIAEIEAGGSTLAVIDTPEALARIEKYLQGENRALTRRVRLVFEELTVRTTAAAEGGT
DWQAVYASARAAASYAMPGGAGAAGATLGARVLAGPWRDARALIAALSTMGAVLRHRSIPM
LTLNRRAVTHAVRTTFSYVDQVQRLSPTAAAPGGRDAVPGLAVQQKRETVGTFLTLLPEA
RDDGRILLSISYDNTIAQPLRTLTFGEGGQOQVSLQQIAIDGSGIVQQVELLPGQPVILSG
FDHSEDQYERHRLFPDAPLAAGGHDRTARERVTTVVMVTAQIDEG

SEQ ID NO:59 polynucleotide sequence of Orf30

Gtgaccatgttcatcecgetggetcattcecteteegectgectgetgetggeegectgeage
Cgcgcetecegatacegagatcectgecagegegatgtcggecagacectggeecgecacgtac
Ggccceggacctgttegacategtegegetgegeegecatgggeteggecaccgacagecacg
geccegecgggecagacgegecgggtggtectattacgatgtggtgetgggectgaagaag
gacctcaccctgggegectgggaccageceggegeegeegegetggtecagectgetggge
gccgggecgegcagcatetegggggtgaaateccageggeaatgecgecggegaccagatc
gtecgeccacgeccagegecat ctaccagegegacgecagagcaatgggtgecacgtegeceecg
gccagcecttcacggeccacegaagegecctegetggacacecggegegeacgecgeecggtgacy
cgccagctgetccagacgectggagecagatcacgegttceegtgecctacagegectecage
accgeccagcacgtggtgecaacaggagectggagegeteggtggegegeatcaatggeegyg
cttgececgectgcaaaagggctacececgetggecgaccggeccegacaagggegagtacctyg
gegtteggecaggegetggeecgegategggegeaacgagecaggtgegegteatteeceete
attaccggecggcagecgecggacaacatggeccatgetgegecageggegeggeggtggecgcece
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ctgtcgecaggcegacatcgegeaactggectacgagggcaaggggecgt tegaaagecag
ggaccgttctecegggttgegegegetgggcagectgtatcaggagetggtgeacategtyg
gtgcgeccagggegatggeatcgecacggtgggegegetgegeggcaagaagattgeeetyg
ggceccgtegggetecggeggtacgcaccacgetggagacegtgetggeageccatgggetyg
cagcecggggcegegactatgecagtcatcgacacgeeggecgecgeggecctgecgeagetyg
agcgaaggacgggtcgacgeggtggegeaggt categgtacgeeggeecgegeccttgege
gcggcgeotgacccaggcgegectggegetgetgecgetggaccgggetgegatcgacaag
ctggtgcaggccgatccgaccctgatggegetggacatcceggecaacacctaccecage
caggccgeggecatcecccacggtgggcatggeggegetgetggtcaccacggecgatetg
acgcgcgacgaggcecgcgecatatggtggacgtggtatacegggecgggcaggacctgetyg
gccgecgggtcecaegegecagggegegecaggtatccgeggecaacgeecgggegeggattgage
attcccectgcacgacggcgecgtggaagecttcgagaaactgggegegecgeccetgece
gagggcaggtag

SEQ ID NO:60 polypeptide sequence of Orf30
VTMFIRWLILSACLLLAACSRAPDTEILQRDVGQTLAATYGPDLFDIVALRRMGSATDST
APPGQTRRVVYYDVVLGLKKDLTLGAWDQPGAAALVSLLGAGPRSISGVKSSGNAAGDQT
VAHASAIYQRDAEQWVHVAPASFTATEAPSLDTGAPPPVTRQLLQTLEQITRSVPYSASS
TAQHVVQQELERSVARINGRLARLQKGYPLATGPDKGEYLAFGOALAATGRNEQVRVIPL
ITGGSADNMAMLRSGAAVAALSQADIAQLAYEGKGPFESQGPFSGLRALGSLYPELVHIV
VRQGDGIATVGALRGKKIALGPSGSAVRTTLETVLAAHGLQPGRDYAVIDT PAAAALPQL
SEGRVDAVAQVIGTPAAPLRAALTQARLATLLPLDRAAIDKLVQADPTLMALDIPANTYPS
QAAAIPTVGMAALLVTTADLTRDEAAHMVDVVYRAGQDLLAAGSAQGAQVSAANAGRGLS
IPLHDGAVEAFEKLGAPPLPEGR

SEQ ID NO:61 polynucleotide sequence of Orf31
Atgatccgtatgecectggttteegattcectcegtteegeegegeegecggetggeegtegeg
Gegetgtgegeggegetgggeggetgtgeggt cgggecegactaccagegacecgecate
Gacgtgggggccegectacaaggaggccgecgcgecgeageecggetggacgeccgegeag
cccagcgacgagagcgegegegggcaatggtggcaggtgtatggegacceggtgetegac
ggcctggtgcagecaattgaaccagggecaactactcegtggegecaggeecgaggecaattat
cgccaggceccaggegectggtgegecaatgegegegeeggettettececccaccataggegeg
ggcgccgacgtgacgeggtccgget cgggeggcggeageggegecgget cgaacggcage
teggteggcaaccagtactegetcagtgggteggtcagetgggaagtcgatgtgtgggge
cgggtgegccgegaagtcgagtccageccgegecgaggegecaggecagegeggeggaccetyg
gcegteaccegectgagegegecaggecgeectggtgecagaactacctgcaattgegegtg
ctcgacgagcagaaacgcctgetcgacgecacggtgetggectacgagegetegetgege
ctgacgcagaaccgctacgaagecggegtggtgggeaagtcegacgtggeggtggegege
acccagctggagaacacgegggeccagtccatcgacctggactggecagegeggecagtte
gagcacgccategeggtgetgatggggcaggegecttegegettegecctgecggegeag
ccgttegegecagecaactgecggacateccecggegggectgecctegeaactgetggagege
cggcccgacgtggeggeegecgageggegegeggeegeegecaatgegecagateggegtyg
gcgcaggeggcectggtteccggacetgaccttgteggecageggeggttttegeagegge
cagttcgcecgagtggetgaccgegecggegegettetggacecteggeecggegetggee
atgacgcetgttegacggeggegegegttcggegegagt cgagecaggececgegecgectat
gacgcgcaggceggcecgectaccgecagagegtgetgacggegetgegegaggtggaggat
tacctggtgcagctgegegtgatggagcacgagecagcaggtgecagegecaatgegetegag
tecegegegegaatcecgetgegectggegegecaaccagtacgagecaggggectgategactac
ctgagcgtggcggtgetggaaaccaccgegetgaacaccgagegcaacgecatcagectyg
ctgggcagccggctcaacgecagegtgecagetgat cgeggegetgggeggegggtggeag
ggcttgeeggccgaggcggcggecagegeggeggecgagecgt 7cegegecctag

SEQ ID NO:62 polypeptide sequence of Orf31

MIRMPGFRFSVPPRRRLAVAALCAALGGCAVGPDYQRPAIDVGAAYKEAAAPQPGWTPAQ
PSDESARGOWWOVYGDPVLDGLVOQLNQGNYSVAQAEANYRQAQALVRNARAGFFPTIGA
GADVTRSGSCGGGESGAGSNGSSVENQYSLSGSVSWEVDVHGRVRREVESSRAEAQASAADL
AVTRLSAQAALVONYLQLRVLDEQKRLLDATVLAYERSLRLTONRYEAGVVGKSDVAVAR
TQLENTRAQSIDLDWQRGQFEHAIAVLMGQAPSRFALPAQPFAQQLPDI PAGLPSQLLER
RPDVAAAERRAAAANAQIGVAQAAWFPDL TLSASGGFRSGQFAEWLTAPARFWTLGPALA

141



WO 2005/032584 PCT/EP2004/011082

MTLFDGGARSARVEQARAAYDAQAAAYRQSVLTATREVEDYLVQLRVMEHEQQVQRNALE
SARESLRLARNQYEQGLIDYLSVAVLETTALNTERNAISLLGSRLNASVQLIAALGGGWQ
GLPAEAAASAAAEPSAP

SEQ ID NO:63 polynucleotide sequence of Orf32
Atgacgcatccegteccgacgacctttgecacgtacegeeggegegetgettgecgegety
Gegetggecggetgegecgtggggeegecagtaccaggegeccacgeccgegecggtgaayg
Ctggccagcccecgaacaggegetgttecteggecgaceggt tgcaacgegaatggtggege
cagttgcaggatgcceggetggacgegttgatcggectggegetggegegeaacctegat
atcggectggegetggegegeaacctegatatcegecaggegecaggegegectgegegaa
gcgegegecegegetecgacgaaaaggaactggaccgetggecgaccgtgacegeggecgge
ggctacacgcegecagcctgtegcagatcaaccecggeccogaccagegecaacctegegeaa
agctaccgegegggcettcegacgegacctgggaaategatttgtteggeegeetgeagega
cgggcogaggccgeggecgegcgegaccaggccgeocgeecgecgacctggeccagacgege
ctggtggtggtggccgagetggeacgcaactatttegagatgegeggegecgageaacgg
ctggeegtggegegegecaacctegecacccagecaggagacgetgegegtcacegeggeg
ctggtggaaaccggcecgeggetatgecggegacctggecagegecacgggecgagetggee
ggcacgecgggcgetgcectegegecgetggagacgecaacggegectggeccagtaccacate
gccgtcectggeggecatgeggceggecgagetgggegagetgeggecaggageageegetyg
gegcegetggecgegeaattgeecateggegacgtggecatgetgetgecaacgecgecce
gacgtgcgcegeegecgagegectgectggecgecaccaacgecgacgtcggegecatcace
gccgaactgtatcegegeatcgacctgggegggttecteggttteattgecttgegegge
ggcgacctgggcecaggccagcagcaaggecttegegetggegeegacgatecagetggeeg
gegttgeacctgggeagegtccaggegecagetgegegegggecaggecccggeacgacgeg
gcgegggcgegcetacgaacaggtggegetgecaggecatecgaggaagtggaaggegegttg
acgcgctatggacagaaccagcagcggcetgegegacctgettgacagegecacgcagage
cagcgcgecgecgacctggegecaaacgegectategtgaaggggecgegeegtatttgacy
gtgctggacgcegcagegtactettttgegegecacaggatgecgtggegecaateccgagteg
gagtcctataccagectggtegegetcectacaaggecetgggeggaggectggaataccgac
gecegecgegeccgeccegttecgececgecacegeegecetgecggecagecectga

SEQ ID NO:64 polypeptide sequence of Orf32
MTHPVPTTFARTAGALLAALALAGCAVGPQYQAPTPAPVKLASPEQALFSADRLQREWWR
QLODARLDALIGLALARNLDIGLALARNLDIRQAQARLREARAALDEKELDRWPTVTAAG
GYTRSLSQINPGPDORNLAQSYRAGFDATWEIDLFGRLOQRRAEAAAARDQAAAADLAQTR
LVVVAELARNYFEMRGAEQRLAVARANLATQQETLRVTAALVETGRGYAGDLASARAELA
GTRALLAPLETQRRLAQYHIAVLAAMRPAELGELRQEQPLAPLAAQL,PIGDVAMLLQRRP
DVRAAERLLAATNADVGAITAELYPRIDLGGFLGFIALRGGDLGQASSKAFALAPTISWE
ALHLGSVQAQLRAGQARHDAARARYEQVALQAIEEVEGALTRYGONQORLRDLLDSATQS
QRAADLAQTRYREGAAPYLTVLDAQRTLLRAQDAVAQSESESYTSLVALYKALGGGWNTD
AAAPARSARTAALPASP

SEQ ID NO:65 polynucleotide sequence of Orf33

Atgaaacctgtcgteatgagaaccttgttgteecttgeegtggecacggecectggecgge
Tgctegetggegeccacctacgagegecegecaggegecggtegacgeggectatecegtea
Ggececoggectacggegegoegggecaggecgeogegggegegecggecgeegecgacgty
ggctggegegacttetteggegaccegetgetgeaggagetgetggegetgtegetggec
aacaaccgcgacctgegggtegecgegetcaacgtggaggeggegegectcaaccegage
ggacaggccggcatcagecgecagctaccaggt cggtgecagectgtecgacctgggagetyg
gacctgttcgggecgeatccgecagectcagegaacaggecgetgecagetectatectggeccag
gacgaaacgcgcctggccacccagetgacgetggtggeecgagacegecaacgectaceeg
accctgegegecgaccaggaactgetggegetgacgegeccagacgectggeggeccageag
gagtcgtacaagectgaccegecagagetacgacctgggegtggegaccgagetggacetyg
agccaggccgagatttegetgegecaccgecgagegecaatcectgtegeagtacacgegeatg
gcggcegeaggaccgcaacgcgetggtgetgetggtgggecageegetgeeggeecggeate
ggcgcgcagctggaccaggeegtggegetgecegacggegtggtcetggecgacetgeeyg
gecgggcctgeegteggatctgetegegegecggeeggatatcegegeggeggageaccag
ctgcaagccgecaacgcecagecatecggegeggegegegeggegttetteeegegeatcage
ctgaccggcteggecggecacggecagegecagectgggeggectgttegatgecgggteg
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ggggcctggagtttegegeegeagatcagegtgecgatettegegggeggggegetgege
gccagcectggacctggocaagatccagaaggacat cggecatcgegegectacgageaggec
atccagagcgggttecegegaggtctecgacgegetggecggecgeggeacattgecaggag
cagatccggtegeaggaactgetggtgcaggecaaccagegegectacgacctgtegeag
cagcgttaccagcagggcatcgacaactatctecagegtgetggattegecagegttegetyg
tatacggcgcagcagacgctggt cgagacgeggetggegegectgtecaacctgatecag
ctetacaaggegetgggeggeggetggt cegagegeacggtggeggeggegeaggeegge
tga

SEQ ID NO:66 polypeptide sequence of Or{33
MKPVVMRTLLSTAVATALAGCSLAPTYERPQAPVDAAYPSGPAYGAPGQAAAGAPARADYV
GWRDFFGDPLLQELLALSLANNRDLRVAALNVEAARLNPSGQAGISRSYQVGASLSTWEL
DLFGRIRSLSEQALQLYLAQDETRLATQLTLVAETANAYPTLRADQELLALTRQTLARQQ
ESYKLTRQSYDLGVATELDLSQAEISLRTAERNL.SQYTRMAAQDRNALVLLVGQPLPAGT
GAQLDQAVALPDGVVLADLPAGLPSDLLARRPDIRAAEHQLOAANASTIGAARAAFFPRIS
L, TGSAGTASASLGGLFDAGSGAWSFAPQISVPIFAGGALRASLDLAKIQKDIGIARYEQA
IQSGFREVSDALAGRGTLQOEQIRSQELLVQANQRAYDLSQQRYQQGIDNYLSVLDSQRSL
YTAQQTLVETRLARLSNLIQLYKALGGGWSERTVAARQAG

SEQ ID NO:67 polynucleotide sequence of Orf34
Atgaaacagcataaggtcggcaggecactgggcaggatgggegatggegetggegtgectyg
Ggcgeggecgegecgetggeggegecagecggeggecaccagetggggecgegecaggegege
Gaactgectgectggaggtcaagggecagecagecgttgegectggacgeegegecategege
gtggcgatcgececgatcecgeaggt cgecgacgtcaaggtgetggegeccggegtgggecge
ccgggcgaggtgetgetgatcggeeggecaggecggecaccacecgagetgegggtetggage
cgecggetegegegaccegecaggtctggaccgtgegegtgetgecgecaagtgcaggecgeyg
ctggegeggegeggegt cggeggeggcgegeaggt cgacatggetggegacageggegtyg
gtcaccggecatggegeecteggecgaggegeategeggegeggecgaggetgecegeggee
gcecgcegggeggcaacgacaaggtggtecgacatgtecgecagatcaacaccageggegtggtg
caggtggaagtgaaagtggtcgagetggegegeteggtecatgaaggatgtegggatcaat
ttcagggccgacageggeccgtggtcgggeggegtgtegetgetgecggacctggecage
ggcggcatgtteggecatgetgtectataccageegegatttcagegegtegetggegety
ctgcaaaacaacggcatggcgegegtectggecaegagecgacgetgetggecatgteggge
cagagcgccagcettectggecggeggegagatteccgattceggtatecggecggectgggt
acgaccteggtgeagttcaagecctteggcateggectgacggtcacgeccacggteate
tecgegegagegeategegectgaaggtggegeccgaagccagegagetggactacgecaac
ggcatttccagecatcgacagcaacaategcatcacggtgatcecggegttgegaaceege
aaggccgacaccatggtggagctgggcgatggegagacattegtcatecageggectggtt
tecgegecagaccaaggecagegtcaacaaggtgecgetgttgggegacctgeccateatc
ggggcgttcttecgeaacgtgecagtattcecaggaggatcgegaattggtgategtggte
acgccgegectggttegececategegegeggtgtcacgetgeccttgecgggegegege
caggaggtcagcegacgctggettcaacgectggggetattacctgetgggtecgatgage
ggccagcagatgecegggcettttcacagtga

SEQ ID NO:68 polypeptide sequence of Orf34
MKQHKVGRHWAGWAMALACLGAAAPLAAQPAAPAGAAQARELLLEVKGQQPLRLDAAPSR
VAIADPQVADVKVLAPGVGRPGEVLLIGROAGTTELRVHSRGSRDPQVWTVRVLPQVQAR
LARRGVGGGAQVDMAGDSGVVTGMAPSAEAHRGAAEAAAAAAGGNDKVVDMSQINTSGVV
QVEVKVVELARSVMKDVGINFRADSGPWSGGVSLLPDLASGGMFGMLSYTSRDFSASLAL
LONNGMARVLAEPTLLAMSGQSASFLAGGEIPIPVSAGLGTTSVQFKPFGIGLTVTPTVI
SRERIALKVAPEASELDYANGISSIDSNNRITVIPALRTRKADTMVELGDGETFVISGLV
SROTKASVNKVPLLGDLPIIGAFFRNVQYSQEDRELVIVVTPRLVRPIARGVTLPLPGAR
QEVSDAGFNAWGYYLLGPMSGQQMPGFSQ

SEQ ID NO:69 polynucleotide sequence of Orf35

Atgaagcgacttctctgtctgtecectgetgtecgtattgetggeggegtgeacgaccceca
Tegecagattcegececgagacggegeeccggeggegtgececgeecggeggecgaaggteegetyg
Gtcgtgecegececgetgteggegetgteccgacaccecegeecgegegegetggecgggegetac
cagcgegttgectggaccgagetgeccaactgggagagegacgacectgtegegetggtgg
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ccgetgttectgegecaattgecaaaggectgatgeggecgaccageggtaacctggeggeg
ccggcacgcgccacgccgcgcgcctggcagcccgtgtgcgcggcggcggtcgacccgtcc
aaggcgccggecgeeggegacagegeggeggtgeggegettectgecagacctggetgeay
ccetggegeategeecggegecgacggecgtceccgecaccaataccgtcaceggetactac
gagccgetggtgegeggetegegecgecagggeggeegetaccagtggecgetgtatgec
gtgccggecgacctgctegtegtegacctgggeteggtetatcecgacctgaceggcaag
cgegtgegeggecggcetcgacggecgecgggtcgtgecctacgacacgcgcgeecgegate
gaggcgggeogaccgcaagecgcoggecategtetgggtggacgatceggtegacaattte
ttectgecaggteccaggggtcgggeccgggtgcagetgacegatggecccgacegeggeace
acgatcegegtegegtacgecgaccataacggccagecctatgectecateggeegetgy
ctecatcgacaagggegagectgegegecgaccaggeatcgatgecagaacateegtgeetgy
gcoccaacgcaatccetegegegtgecaggaaatgetcaacgccaacceggeggtggtette
ttecegegaagaggeggtggtegatcecggagecaagggeccaagggggectatggeateeeg
ttggegeegcagegetcgategeggtegacgecggtttegtgeegetgggecacgeecggte
tacctgtegaccacgctgecggectecgaccggecectgecagegeacegtgttegegeay
gacaccggcacggccattcgeggegeggegegegeegacttetattggggetacggegayg
gaagccggccagcaggccgggegeatgaageagegeggecagatgtggetgetgtggece
aagcaggccggggagecgteggegegatga

SEQ ID NO:70 polypeptide sequence of Orf35

MKRLLCLSLLSVLLAACTTPSQI PPETAPGGVPPAAEGPLVVPPLSALSDTPPRALAGRY
QRVAWTELPNWESDDLSRWWPLFLRNCKGLMRPTSGNLAAPARATPRAWQPVCAAAVDES
KAPAAGDSAAVRRFLQTWLQPWRIAGADGRPATNTVTGYYEPLVRGSRRQGGRYQWPLYA
VPADLLVVDLGSVYPDLTGKRVRGRLDGRRVVPYDTRAAT EAGDRKPPAIVWVDDPVDNF
FLOVQGSGRVQLTDGPDRGTT IRVAYADHNGOPYASIGRWLIDKGELRADQASMON I RAW
AQRNPSRVQEMLNANPAVVFFREEAVVDPEQGPKGAYGI PLAPQRSIAVDAGFVPLGTPV
YLSTTLPASDRPLQRTVFAQDTGTAIRGAARADFYWGYGEEAGQQAGRMKQRGOMWLLWP
KQAGEPSAR

SEQ ID NO:71 polynucleotide sequence of Orf36

Atgttcaactgtcggegattcctgecaaatecggcacgetgteggecctgetggecggetgt
Geecacctecagccaaacaccccaageccageatettecegegecaggececgecacaggceag
Geegaccegegtecgecatecggeceggacaaaccegtat cgagegacgaaggeccegecacyg
ctgacgccgaccggegaactgeggeecgacgtecegegecttegecgaacagetggeggeg
cagcgegagctgecectgecgecaagtgetggecagectggaaagcacgegetacaacgeg
accgtegecegectecategeccegtccggegegtegggecaagaaaatctggegeagetgg
ctgacctatcgegggegtttegtegaacccaagegecategectggggegtggaattetgg
aacgccaaccaggacctgetcaaccgegecgeeccagegetacggegtgeeggectegate
atcgcctceccatcateggegtggaaaccetgtatggeecgecaacgtgggcaactteecgegtyg
gtcgacgeectggegacgetggeattegactacctegateccegecaagececgagegegee
gacatgttcegeggecageteggegactteatcaccetggegetgecaggacaagetggac
ccegagacgcegeggcetcegtacgecggegecatecggecatgecgecaattcatgeeceggcage
atcatgegetatgeggtcgatggegatgacgacggccacatecgacctgaccaacagegte
geggacgeggtcatgtecggtgggecaacttecetggtcgaacatggetggecagegeggeetg
ceggtgttecgegecggtegegetgeeggecgatccggegecgetggtggecggeggeett
acgccgacgctggactggaacggectgecaggecgecggegegegeecggoeggegggegec
ggacgcggcegectggcaggageaccceatgggecatcgtggacctggt cgaggaagegege
ggcaccgtgcaataccgtaccgecacgcccaatttetttgecectgacgecaatacaaccge
agctacttctatgeccacggecggtggecgacctggeggecgaactgecaggecegeacggge
tattga

SEQ ID NO:72 polypeptide sequence of Orf36

MFNCRRFLQIGTLSALLAGCATSSQTPQAQHLPAQAATGQADRVRIGPDKPVSSDEGPAT
LTPTGELRPDVRAFAEQLAAQRELPLPQVLASLESTRYNATVARLIAPSGASGKKIWRSW
LTYRGRFVEPKRIAWGVEFWNANQDLLNRAAQRYGVPASITASIIGVETLYGRNVGNFRV
VDALATLAFDYLDPAKPERADMFRGQLGDFITLALQDKLDPETRGSYAGAIGMPQFMPGS
IMRYAVDGDDDGHIDLTNSVADAVMSVGNFLVEHGWQRGLPVFAPVALPADPAPLVAGGL
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TPTLDWNGLQAAGARPAAGAGRGAWQEHPMGIVDLVEEARGTVQYRTATPNFFALTQYNR
SYFYATAVADLAAELQARTGY

SEQ ID NO:73 polynucleotide sequence of Orf37
Atgaaccatagactcatacgttgcctgagecatecgegetgetggecetgetgtegggetge
Agcattctetceccgggtegggeccgacgegateggecatcatggacggegggtcgaccegac
Gcgaccggegcecaagetceggetectacgacctggtggacctgegegecgacaceattgeg
ccctatgtgectggtcaaggeggtgtccaaggatggcgecacctecggacggetacgtggge
aatatgcgcgtgatgccgggegatgtgetgegecatecctggtagecgacagecatggagace
ggactgttegegeegetggeegecggeggcacggtgttegaageegtgegggtegeggec
gacggcagcatctegetgecectatgegggecgectgaaagtgecagggcaagt cgetggeg
cagatcgagcagctegtcaagggecagectgegecaatacegeggecggtgecageegeaggec
atggtggatctggeccgacgacegetecaatteggtgetggtggecggggecggtgecgege
ccgggacgetteggeggcaacaagggcecgetgacggegetggatgegatcacgecaggeg
ggcggctegaccctgeoggettaccaggeecgacgtagtgatceggactggecagecaagatyg
cagcgcattceccttaccagcaattgetcaacggececgecaacgtggeggtggageecgegetec
gaactggtggtcgaaccgaacctgaagegtttegtggegatgggggececttacecaagecg
ggcctgecacgaactgecegtcgaaccagaccaatectgetegacgecetgggegtggecgga
ggcctgaacgaccgegeggecgacgecaceggggtattegtttttegectggacggecge
aacgcegatggccegeccgeggeccacggtgttcaggetgaatatgegecaatceggagtec
atgttecctggecaagcaattcgagectgetgeeggaggacgtggtgtatgtcagtaatgeg
cccatgtacgaatgggaaaagatcattacgcctatcgtgecaggtecctgategtgggecaa
cgecgtgggtacttactaa

SEQ ID NO:74 polypeptide sequence of Orf37
MNHRLIRCLSIALLALLSGCSILSGSGPTRSAIMDGGSTDATGAKLGSYDLVDLRADTIA
PYVLVKAVSKDGATSDGYVGNMRVMPGDVLRILVADSMETGLFAPLAAGGTVFEAVRVAA
DGSISLPYAGRLKVQGKSLAQIEQLVKGSLRNTAAVOPQAMVDLADDRSNSVLVAGAVPR
PGRFGGNKGPLTALDAITQAGGSTLPAYQADVVIRTGSKVQRIPYQQLLNGRNVAVEPRS
ELVVEPNLKRFVAMGALTKPGLHELPSNQTNLLDALGVAGGLNDRAADATGVFVFRLDGR
NADGRPRPTVFRLNMRNPESMFLAKQFELLPEDVVYVSNAPMYEWEKI ITPIVQVLIVGQ
RVGTY

SEQ ID NO:75 polynucleotide sequence of Orf38

Atgcaacgtctcatgcccatcctggteggactgetegtegtecetggeaegtectgtettea
Tgcgtcettegtggtcegegagegegactacgeecctggtgttetegetgggegaggtgege
Caggtcatcagcgagecetggectgtatttecaaggegecgeegecgttececagaacgtegte
acgctggacaagcecgcatcctcaccatcgagteccagecgatgecgagegeatccagacctee
gagaagaagaacctgctgatcgactegtacgtcaagtggegeatecgecgatccgegectg
tactacgtgacctteggeggeaacgagegegeegeccaggagegtetgecaggegeagate
cgcgacgegcectgaacgeggeggt caacgtgegecacggtcaaggacgtggtcteggeecgag
cgtgacaaggtcatggccgaaatcctcaccaacgtegtcaagegegecgageecgetggge
gtgecaggtggtegacgtgegectgegeegecatcgagttecgegeccgagattteccgagteg
gtctatecgecgecatggaageccgagegecaccegegtggecaacgagetgegttegategge
gcggcecgaaagegagaagatccgegecgaggecgacegecagegegaggtcategtggee
caggcctatgegegegeccagggcatcatgggegagggegacgeccaggeeggeageatc
tacgcecccaggectteggecgeaataccgagttctacacctattacaagageectggaagec
tatcgegeecgegtteggcaaaaccggtgacgtattggtggtegatcegacgtecggagttc
tteccagttcecttecaagaaccecggecaagggegeggegggegecceggeaceggegaattga

SEQ ID NO:76 polypeptide sequence of Orf38
MORLMPILVGLLVVLAVLSSCVFVVRERDYALVFSLGEVRQVISEPGLYFKAPPPFQNVYV
TLDKRILTIESSDAERIQTSEKKNLLIDSYVKWRIADPRLYYVTFGGNERAAQERLQAQT
RDALNAAVNVRTVKDVVSAERDKVMAEILTNVVKRAEPLGVQVVDVRLRRIEFAPEISES
VYRRMEAERTRVANELRSIGAAESEKIRAEADRQREVIVAQAYARAQGIMGEGDAQAGSI
YAQAFGRNTEFYTYYKSLEAYRAAFGKTGDVLVVDPTSEFFQFFKNPGKGAAGAPAPAN

SEQ ID NO:77 polynucleotide sequence of Orf39
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Ttgcccagggaggceaaccatgaaaccegtcatecagactttectgegegecgecgeagtyg
Geeggectggegetgetggecggetgegecggegt cagecacgacgecagtceggegegate
Ggcgtggaccgcacccaatacatgtcgagectggtgecececgagecaggegetggtgecaggag
gccgggcageagtatgecgagatcgtccaggaggeccgegecaaggggetgettgacege
gacccggcgcecaattgtegegegtgegegecatttcecagegectgatcgegcagaccggg
gtgtttegegecgacgeggccaactggecatgggaagtgeatgtgetgteggtegacgag
gtcaacgcctggtgcatgeccecggeggcaagattgecgtctacacgggectgetegeceat
atcaagccgaccgacgacgaactggcggeggtgetgggeccacgagatcgecgecatgegttg
cgcgagcacgcegegegagegegtctegecagecagatggegaccageateggectgteggtyg
ctgtcecatggccaccggttcgeceggegegtcecgacctgggeggecaagetgacegaagtc
atgttcaccttgecccaacagcegcacgecacgagaccgaggecgategecatgggegtegaa
ctggcegegegegeeggtttegatcegegegecgeegtcacgetgtggecagaaaatggge
gcggecgacggcaatgegecgecggagttectgtccacccaccegtcggecagtacecge
atcggcegaattgecagecaggecttgecagaaggtattgecgetgtacgagecaggegegegge
caggccgccaaatag

SEQ ID NO:78 polypeptide sequence of Orf39
LPREATMKPVIQTFLRAAAVAGLALLAGCAGVSTTQSGAIGVDRTQYMS SLVPEQALVQE
AGQQYAEIVQEARAKGLLDRDPAQLSRVRAISQRLIAQTGVFRADAANWPWEVHVLSVDE
VNAWCMPGGKIAVYTGLLAHIKPTDDELAAVLGHEIAHALREHARERVSQQOMATSIGLSV
LSMATGSPGASDLGGKL TEVMFTTL,PNSRTHETEADRMGVELAARAGFDPRAAVTLWQKMG
AADGNAPPEFLSTHPSASTRIGELQQALQOKVLPLYEQARGQAAK

SEQ ID NO:79 polynucleotide sequence of Orf40

Gtgactcaccgtceecgetgecactectegaagecegectcecgecgeggggtggecctgege
Gecggegatcegegetgtcaaccattetgategtggecggetgeggetegtcaagecaccaaa
Tacgacaagaccgcgggcetggagecgecgaacagttgtacgeccgacgecaagecaggaagte
gecggegggcaactggaccgatgecegggagegectgacegecatcgaaageegetacecy
ttecggcacgtacgcccagcaggeccctgatcecgaactggettacgtcaactggaaagacgge
gagaacgaacagacgctggccgecatcgaccgettccagecagetectateccaaccaccey
ggcacggactacgtgctgtacctgaaggggctggtcaacttcacgeceggecagegeette
atgagcaacctgaccggccaggaccecgecgagegegat cccaagggectgegegegtec
tacgatgcgttcaacgaactggtccagegectteccecaacagecaagtacacgeecgatgeg
cagaagcgcatgacctggctggtcaacgecatcgecatgaacgaagtccacgtggegege
tactactacgagcggggcgectacgtggeggecgecaaccgggegecagacegtgatecace
gatttcgagggggcccccgecteoggaagaagegetctatatcatggtecgagtegtatgac
aagctgggaatgaccgaactgaagggcgacgccgaacgegtgetegaccagaactatceec
aacagcaaattcaagacgcaaggcctgtcggeccgacaagagctggtggaaccecgtteteg

tggcgcectga

SEQ ID NO:80 polypeptide sequence of Orf40
VTHRPAALSKPASRRGVALRAATALSTILIVAGCGSSSTKYDKTAGWSAEQL YADAKQEV
AAGNWIDARERLTAIESRYPFGTYAQQALIELAYVNWKDGENEQALAAIDRFQQOLYPNHP
GTDYVLYLKGLVNFTPASAFMSNLTGQDPAERDPKGLRASYDAFNELVQRFPNSKYTPDA
OKRMTWLVNAIAMNEVHVARYYYERGAYVAAANRAQTVITDFEGAPASEEALYIMVESYD
KLGMTELKGDAERVLDQONY PNSKFKTQGLSADKSWWNPFSWR

SEQ ID NO:81 polynucleotide sequence of Orf41

Ttgceccccacaggttgaccttgecatgacgaagecactctgeegetecgaategecaccate
Geegecgeaggegtoctgetggecggetgegecagegeccaagaacceecgat cegegegat
Ccctgggaaggcttcaaccggggegtctacaagttcaacgacacggtegacegegegety
ttcaageccggtggeccaggectataccttegtecacceccgeageeggtgegeagetgegty
cacaatatgttcagecaacgtgggcgacctgtggteggeccaccaacagetteetgecaagge
cgcgggcacgatttegtcaacacgateggeegettcecetgttcaataccaccatggggatce
ggcggctgettegacgtcgegtegaccaccggggegegecaagatccccaacgacttegge
gtgacgctgggegtectggggettecggecagggacecgtacctggtgetgecgatetgggge
gcecagcagectgegegacggegtecggectgat cggegactggaccggecaaccagggcegey
accatcggcgcgatcgacaacgtgececgetgegecaactecgetgtggggectggaggecgte
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gacctgegegecagectgetegataccaccgacacegtggaccgegtggegetggatece
tacagcttegtgegegacgectacetgecagegecgegecgecatggtgegeggeaccaag
acgggcgacgacacgctgceccacctatgaagacgagggegatgacgacgoeggeeccegeo
gcgccggcecgeeccagcecggecgeccageegcagtaa

SEQ ID NO:82 polypeptide sequence of Orf41
LPPQVDLAMTKHSAARIATIAAAGVLLAGCAAPKNPD PRDPWEGFNRGVYKFNDTVDRAL
FKPVAQAYTFVTPQPVRSCVHNMFSNVGDLWSATNSFLQGRGHDFVNT IGRFLENTTMG T
GGCFDVASTTGARKI PNDFGVTLGVWGFGQGPYLVLPIWGAS SLRDGVGL I GDWTGNQGA
TIGAIDNVPLRNSLWGLEAVDLRASLLDTTDTVDRVALDPYSFVRDAYLQRRAAMVRGTK
TGDDTLPTYEDEGDDDAAPAAPAAQPAAQPQ

SEQ ID NO:83 polynucleotide sequence of Orf42
Atggcaacaaagtgcctgctceccaggggagttttecggatgecagecegataatgecggea
Atgcgtagtggcgceccgecatgggtgetggaagggaggtttatgeggtttggatggggattyg
Ccggecgectggecgtegtgettgegetggecggatgegtgaat cgegagecagaggagege
gcggectteategegtatctggaacaagtggecgegecgcaggegggegtegtggeegeyg
ccgecccgaccegeccacgcegecaaggecectgggegactacgaggegeagtacgageegatyg
gaagcggcgcacgcegecgtgegegaagegttggeggegecagecaggeggegetgeaggeg
ctgecggetgeatteggtcgacgagategtecgecacgecaggacggetgggacaggetggee
gagcgecetggeggeecgegegeacegggetcgaacaggegegegeegecgecgacgacgeg
cgcgecgggatggagcagecteccegacctgegeaacgectacgegegegectatgaacac
agcgtcecacggegeceggcacaggecttggegeggatatceggectgetecgaacecgeegtg
gaggatgcgcggegegtggecgggttegttgegegecatcgegatcaggtegatacegat
ggtcegetgacccaggtgegegatcecteggtgegecagegagetcaatgtactgetgeag
gcgctcaatggcecgetcecgaccaggtttegecaggegeaggecttgetcaatggeectggeg
ggaccggctcegcecaggegecectga

SEQ ID NO:84 polypeptide sequence of Orf42
MATKCLLQGSFPDASPIMPAMRSGAAWVLEGRFMRFCWGLPALAVVLALAGCVNREPEER
AAFIAYLEQVAAPQAGVVAAPPDPPTRKALGDYEAQYEPMEAAHAAVREALAAQQAAT.QA
LRLHSVDEIVARQDGWDRLAERLAAARTGLEQARAAADAARAGMEQPPDLRNAYARAYEH
SVTAPAQALARISGLLEPAVEDARRVAGFVARHRDQVDTDGPLTQVRDPSVRSELNVLLQ
ALNGRSDQVSQAQALLNGLAGPARQAP

SEQ ID NO:8S5 polynucleotide sequence of Orf43
Gtgatgctgaagaccgtattgegectgecggtetgegecgegetgetggegetggeegeg
Ggctgegecgatgatteccgeecgaaceggtggtgatectgtecegetgacegegeegectecg
Tcgeccgecgcaacceteggaegeggecccaacggetegatetaccagecttecggectacgge
aactatccgcetgttecgaggacegecoggecgegecaacgtgggegacategtecaccategtyg
ctggaggaaaagaccaacgccgecaagggegtggeccaccaataccagecgaegacggeteg
gccacgectgggegtggeggecgegecgegettcatggacggeatcatcaacgacaagetg
gataccgatatctcecgggeggcaataccgocaacggcaccggecaagagcagegecaacaac
accttecaccggcaccatcacgaccaccgtgateggggtgetgeccaacggecaatectgeag
atcgcecggcgagaagcagatcgecatcaaccgeggecagegagtacgtgegetteteggge
gtggtcgacccgecgategatcaccggecagecaatacggtgtcgtegacececgggtggecgac
gcgcgecatcgaataccgcagcaagggegtcatggacgaagteccagaccatgggetggetyg
caacgctttttectgatcgettegecgttetga

SEQ ID NO:86 polypeptide sequence of Orf43
VMLKTVLRLPVCAALLALAAGCAMIPPEPVVICPLTAPPPSPPQPSARPNGSIYQPSAYG
NYPLFEDRRPRNVGDIVTIVLEEKTNAAKGVATNTSRDGSATLGVAAAPRFMDGI INDKL
DTDISGGNTANGTGKSSANNTFTGTITTTVIGVLPNGNLOQIAGEKQIAINRGSEYVRFSG
VVDPRSITGSNTVSSTRVADARIEYRSKGVMDEVQTMGWLORFFLIASPF

SEQ ID NO:87 polynucleotide sequence of Orfd4
Atgaagtcgtcectgtategaatcgecagegetcagegecgetgeectgttgetggeegge
Tgcgccaaccagegecgctcecegaaggagtegggettecteggegattactegecagttgege
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Gaggagcaggtgcccggeggegegeggetgatctacegegacgecgegetcaagecgege
cagtacaccgccatgtggetgtegecggtcgagtactacceccagececgecaacegteggeg
caggtgtcgatggaaacgctgaccgaactgcagaactacctggaccagtcgetgegecge
aagatcggccgcegagatccgectggtcaacggeecceggecegggegtggecaaggegege
atcgcgatcacagecggtecggcagegaaagegaggegetggeggectacecagtacatecce
gtggcgectggecgtcaceggegecagggecgtgetggaaggeggecggecgcagecaggec
accatcgcgatcgaaagcaaggtcaccgacageccagacgggecagctgetgtgggegteg
gtgecgecgggggcaccggegagcgegtacgegecatecgeccagggecaggecteggtgeeyg
gccteggegcetcaagecgetgategacgaatggaccgataacgtegecacgtgaaatacge
aactacgtgcgcagcaaataa

SEQ ID NO:88 polypeptide sequence of Orf44
MKSSLYRIAALSAAALLTAGCANQRAPKESGFLGDYSQLREEQVPGGARLIYRDAALKPR
QYTAMWLSPVEYYPSPQPSAQVSMETLTELONYLDQSLRRKIGREIRLVNGPGPGVAKAR
IAITAVGSESEALAAYQYIPVALAVTGARAVLEGGRPQOATIATESKVTDSQTGOLLWAS
VRGGTGERVRAIAQGOASVPASALKPLIDEWTDNVAREIRNYVRSK

SEQ ID NO:89 polynucleotide sequence of Orf45
Gtgaaccaacgtggggcccttttaccegttaacacgtgtgactectetttgecaaaggaact
Atcatgaagtcgegecattgecaaaagectaaccatagetgegetggeegecacgetggea
Gcetgecagtteegtcececectectegacgacaaggcaggtcaagetggaggectccggecagggt
tcggectecggecagatcectggatcecttcaaccegecaaageattetggegecaacagege
tcggtgtactttgacttcgacagectatacggtgtcggaacagtategeggectggtegaa
accecacgcceccgctacctggettegaacaaccagecagegcatcaagatcgaaggcaatace
gacgaacgcggcggcegecgagtacaacctegecactgggecaacgecgtgecgacgetgte
cgtegecatgatgaccectgetgggtgtgteggacaaccagatcgaaaccattagtttegge
aaggaaaagccgaaggcgacgggttcegagegaggetgatttecgecegagaaccgecgegee
gatatcgtttatcagcgctaa

SEQ ID NO:90 polypeptide sequence of OrfdS
VNQRGALLPVNTCDSLCKGTIMKSRIAKSLTIAALAATLAACSSVPLDDKAGQAGGSGQG
SASGQILDPFNPQSILAQQRSVYFDFDSYTVSEQYRGLVETHARYLASNNQQRIKIEGNT
DERGGAEYNLATLGQRRADAVRRMMTLLGVSDNQIETISFGKEKPKATGSSEADFAENRRA
DIVYQR

SEQ ID NO:91 polynucleotide sequence of Orf46
Gtgtccatgatcgcacgtatttecetgeggectctgaaggggetegeggtggetgtecty
Gcagcctecegeectgacegectgetegteceggecaaatggggattecectacaaggeegge
Gteccagcaaggcaactggatcaccaaagagcaggtecgecctgetgecagcaaggecatgteg
cgegaacaggtgcgettegecctgggecagecccacgetgaccagegtgetgecacgecgat
cgctgggattacccctactacttcaagececcggetacggcaaggegecaggaacgecagtte
accgtgtggttcgagaacgaccacctggtacgectggageggggatgaacageccgaccte
cagccegttccagatecgagaaagtgaacgeccaaacaggaagaaaaagecgacgeccaggty
gatacggccgagaagcgecaggaaggcatcgacaaggctgaaaaagtcecggecceatgte
gatgtcacgacgcecggacaacccecaccetegactaccegggegageecgggecaaacctte
gaaccgctcaagtaa

SEQ ID NO:92 polypeptide sequence of Orf46
VSMIARISLRPLKGLAVAVLAASALTACSSGKWGFPYKAGVQQGNWITKEQVALLQQGMS
REQVRFALGSPTLTSVLHADRWDYPYYFKPGYGKAQERQFTVWFENDHLVRWSGDEQPDL
QPFQIEKVNAKQEEKADAQVDTAEKRQEGIDKAEKVRPHVDVTTPDNPTLDY PGEPGQTF
EPLK

SEQ ID NO:93 polynucleotide sequence of Orf47

Atggcgacccatcctgtegggecaacgttgetggeggegetgacgetgettgeegectge
Agcggttccatggegcaagagcecgecectacaagagcacgatactgggettgcaggegace
Atcctggacctgaagggettgeegtecgacaccgacggeggeatat cggacctgagegec
caagtgggtgcgctggcecgegegecatgaaggegtgteggtacggcagggcaaggatgee
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gtcaccatcgccatgatgggegacgtactcttegatttecgacaaggecgacatactegec
gcggecgaacccactctgegggacatcgeggagetgatcaaatceccecgecaccggeata
gtcgeccattgaaggtcacacggactccaagggeteggattectataacaagggectgtea
ttgegacgggcccaggecgttgegeagtggetgggegetcacggggtggatgecagegaaa
ctgteggtecaggggectgggggetgecaggecegtacageccaaccagetagetgtgaag
attcaatag

SEQ ID NO:94 polypeptide sequence of Orf47
MATHPVGPTLLAALTLLAACSGSMAQEPPYKSTILGLQATILDLKGLPSDTDGGISDLSA
QVGALAARHEGVSVRQGKDAVTIAMMGDVLFDFDKADILAAAEPTLRDIAELIKSPATGI
VAIEGHTDSKGSDSYNKGLSLRRAQAVAQWLGAHGVDAAKLSVRGLGAARPVQPNQLAVK
IQ

SEQ ID NO:95 polynucleotide sequence of Orf48
Atgaactatatgecattceccecctetgtagttgecgggegegececgecgectgetggeggta
Geggeggttgeeggeteggtggecgttetggecggetgecgecaatcccagegeatecgagt
Ggggtgtacacgtacggccaggcgcagegegageagategtgegecaccggecacggteace
ggcgtgegtcocgattaccatcecagaacgacaagtccageggegteggettggtggeeggt
ggcgegetgggeggggtagegggecaatgecgtcggeggeggecaccggecgecacecategec
acggtgggcggegtecatectecggegegetggegggeaacgecat cgagaacegegeggge
aagtcctcoecggctacgaaatcacggtgegectggacaacggegaaacccegggtegtggeg
caggaagccgacgtgcecccatcagegtgggecagegegtgecaggt cat cageggegeggge
ccgacccgegtgacaccgtattga

SEQ ID NO:96 polypeptide sequence of Orf48
MNYMHSPSVVAGRARRLLAVAAVAGSVAVLAGCANPSASSGVYTYGOAQREQIVRTGTVT
GVRPITIQNDKSSGVGLVAGGALGGVAGNAVEGGTGRTIATVGGVILGALAGNAIENRAG
KSSGYEITVRLDNGETRVVAQEADVPISVGQRVQVISGAGPTRVTPY

SEQ ID NO:97 polynucleotide sequence of Orf49

Ttggcegttgatcagcaaaaaggagcgcatcttgaaaaccctgetaccecgtattggegett
Gecegecectgetgteggectgecaacgegaacgecececctecggatacgececcgagggcgegecyg
Ccgcecgatacgecatacctegegeaattegetggactggcaaggecacgtaccagggegty
ctgcegtgegecgactgeccececcggeatcecgecacggtgetgaccetgegegecgacaacaca
taccagttgcagacccagtacctggagegeccagececgeccggacacggtgcaaggcaga
ttecggetggctgacgggegacaacgccatecgagetcgacagegecggegatcactacegt
taccaggtcggcgaaaaccggctgaccatgatgtecgcaagacggcaccctgeeccagegge
cegttggecgagcactacgtgctcaagegecageccagtga

SEQ ID NO:98 polypeptide sequence of Orf49
LALISKKERILKTLLPVLALAALLSACNANAPSDTPEGAPPPDTHTSRNSLDWQGTYQGV
LPCADCPGIRTVLTLRADNTYQLQTQYLERQPRPDTVQGRFGWLTGDNAIELDSAGDHYR
YQVGENRLTMMSQDGTLPSGPLAEHYVLKRSQ

SEQ ID NO:99 polynucleotide sequence of Orxf50

ATGAGACGGTTAAAGGCCCAGGCTTTCGAAGGCAGCCGCAGCAGGCCGGCAGGACATGGGGTGGCGCCTA
CCTTGCTGGCGCTGGCCCTGGEETTCCAGGEGECEGCEECGTCGGGCCAATTAGCACCACCTCGGGGTCCAA
CACCACTTGCACCGCAGCCGGCGGAGCGCATCGCGCCAAGCGTAGCGGGGCGGCTCTACCGGGAACAACCAA
CACGTCACGGTGCAGGCCGGTGCGCGGATCGAGCCCGGCGACAGCGGBGCCATCAGCGTGGGCAATAACA
GCCGAGTCCAGATCCAGGACGGCGCCETCGTGCAAAGCACGGTCAATACTGCTGCGTCCAGCCAGTACGC
CAARACGCTGGAAGCAGCAAGCAATAACAATATTTCCATCCAAGTAGGCGCGCAGCTCCTGGCCARGGGC
AGCGCTTCGCAGTCCAGCGCGTTGGGATTGTCAGECGCCGGCAATACCGTCACCAACCATGGCACGATCC
GGGCCGATAATGCCGCGGCAATCTGGATCACTGCCAATACCGCCAATGCGGCCAATACCATCGATAACTA
CGGGACTATCGAARACAGTGCTCAATGGCGGCTACGCCAACGCCATCGGCAGCACGCGGAACAACAGCGCC
ACGGGCGCTGGCGTGACGGTACGCAATCATGCCAACGGGCGCATCGTCGGCAACGTGAAGTTCGAGGCTG
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GCGACGACAGCGTCATACTCGACGGCGGCTCTACCATCACCGGATCCTTCGAACGGTGGCAGCGGCAACAA
CAGCCTGACGCTGAAAGCCGEGCGACGGCACGCTGGGCCEGCGCAATCCGCAACTTCGGCACGATCACCAAG
CAGGAGGCTGGAACCTGGACCCTGAATGGCCAGGTCGGCCGCAACGACRACAACTTCAAGTCCACGGTCA
AGGTGGAGGGCGGCACGCTGETCTTGCGCEGGCEATAACAGCEGCGCCACCCAGGGCCGECGETCTTGCAGGT
GTCCGCCGGCGCTACGGCGGACGTAACTGCCECCAGCGCCATGCAGTCCATCAGCAACGCCGGCACGGTT
CAGTTCACGCAGGACAGCAATGCCGECCTACGCCGECGTECTGAGCGGGACCGGGAGCATCGETCAAGCGLCE
GCGGCGGCCACCTGACGTTGACGGGCAACAACACCCATACCGGCAAGGTGETGEGTGGAGGCGGECAGCCT
CAGCGTATCGGCGGCCAACAACCTGGGTGGCCGCAGGTAGTTCGEGTACAGCTCAAGEGCGEGCGCCCTCGCC
CTCAAGAAAACCATCGCCGTCAATCGCGGCCTGACGCTCGATTCCGGGGCGCAGACGTTGATCATCGAGC
CGGGAACAACCACGACCTGGCAAGGCCAGGTCAGTGECGCCGGCAAACTGGTGACCCAGGRCGGCACGCT
GGTGCTGGAGCACGCGTCCAATACGCTATAGCGGCGGTACGGAGATCAACAACGGAACGCTGCGGGCGEGCE
CATGACGCCAGCCTGGGTTCCGGCACGTTGGCGCTCAAGAACAGCCAGCTGGCCCCCACGGACAGCTTCA
CGGCCACGCGTGCATTGACGCTCGCTGGAAACGAAAGCATAGACGTCGCAGCCACCAAGATACTCAGTTG
GAACGGAGABATCAGCGGCGCCGGCACCCTGGTGAAGGAAGGCCAGGGCACCTTGCTGCTGCECGGAACC
AATCAGCAAAATGGCGGCACGACCGTCAATGCCGGTACGCTGCAGATATCCCGCGACGCCAATCTTGGCC
GAGGGGCGCTGGCGCTGAACGACGGCACGCTGCAGAGCACCGGCAGCTTCGCGACCTCGCGCGCGGCCAL
CTTGCGCGGCCAGGCCACCATGGAGETCGACGCTTCGCATACCCGTGACCTGGAATGGCGAGCTGAGCGGL
GGCGGCATGTTGCGCAAGTCAGGCCAGGGCACGCTGGCCCTGGCCGGCGCCAACACGTACTCGGGTGGCA
CEGTGGETCGAGGCCGGCECGCTTCGGGCAGGACACGAAGA

CAACCTGGGACGGGGCGCAATAACCCTGCAGGGCGGAGATCTGCTTGCCGGCGGCAGTTTTTCGAGCAALC
CGCGATCTCACGCTTGTCCGCGGTTCCTTGGACGTGECTCGCGACGCTACCCTGACCTGGAACGGETGCGA
TATCGGGCGCCGGCGATCTGGTCAAAACGGGGCGACGGGACCCTGGCGCTCACTGGCGTCAACGAGTACGC
CGGCCAGACCGTGCTCAGGCAAGGCAAGCTGCGCGTGGCCAGGCGAAGAAAGCCTGEEGCEGCECTCECGCTG
GTGCTGGAAAACAATACGGTGTTCGCGAGAGTGCGGGCTCGTATGCCATCCGGGCGGCGAGTCACGCTCAAGG
GCGCGCCCAAGGTGGCAACGCCCGCGGGCGACACGCTCGAATGGCGCGGCACGETCCGACGGCGACGGCAA
GCTGTACAAGCAAGGCGGCGGCACGCTCEGTGCTGAGCGGCAACAATACCTACGCCAAGGGCGTCGAGGTC
TGGGGCGGGGTCGTGCAAGTCTCTCGCGACCAGAACCTGGGCGCGGCCAATGGCGCGGTCACGCTCAACG
GCGGCGGGTTGGCGGCCAACGGGGATTTCACCAGCAATCEGCCAGCTGGAGCTGACCGCCGEGECCAAGGT
CATCGACGTCGCGGCCGGCAAGGACGTGACGTGGCGCGETGTCGTCAACGGCGCCGGCGCECTGACCAAG
GCCGGCGACGGCACCTTGAGGTTGGAGAGCETCAACACCTACACCGGTGGCACGCGCTTECAGEGCGGCA
CCGTGCAGGTATCGCGCGACAACAACCTAGGCCAGGCCGCCGGCGCGGTCACGTTCGACGGCGGGCGGLT
GGCCAGCACCGGCAGCTTTGCGACCGCACGCGCGGCCACGCTCAACAACGCCGGCCAGATCGATALCCGCC
CAGGGCACCACGCTGACGTGGAACGGCGCCATTGGCGGCAAGGGCGAGCTGCGCAAGCAAGGGGECGGGCA
CCCTGGTGCTGGGCGGCGCCAACACTTACCAGGGCGACACCCGCGTCGAGGCTGGCACGCTGCAGGETGTC
GGCCGACGCCAATCTGGGCCAGGGCGCCGTGCATCTGCACGACAGCCGGCTGGCGACGALCCGGTACCTTC
GCGACCTCGCGCCGTCTGCGAGTTGACCGCGACGTGGCACGGTGCAAGCGGCTGCCGCCGCCACGCTGGATT
GGCGCGGGACGGTGGCTGGCGCCEGCACGCTGGTCAAGGAAGGCGCAGGCACGCTGGTGCTGGCCGGCGA
CAACCAGCATGCCGGCGGCACCCTGGTCCACGGCGGCACGCTGCGCATCGCCCGCGACGCCAACCTGGGL
GCGGCGGGCACGGECGGTGACGCTGGACGGCGECACGCTGGCCACCACGGCATCGTTGGCGCTGGATCGCG
CGCTGCGCGTCEGGGCGCGCAATGGCETATTGCTGCCGGACGCGGGCACGACCCTGGATTGGCGGGGCGT
GGTCGCCGGCGCGGECAAGCTGACCAAGGCCEGTCCGGGCATGCTGETGCTCAGCGCCGACAACCGCCAT
GGCGGCGGCACGGCAGTCACCGGCGGTACGCTGCAAGTCTCGCGCGACGCCAACCTGGGCECGGCGGLCG
GCGCCCTGACGCTGGACGGCGGCACTTTGCTGAGCACCGCCAGCTTTGCCTCGGCGCGTGCCGCCACCCT
CGATGCCGCGGGCGECACCTTCETCACCCGCGACGGCACCCGGCTGGATTGGGACGECGCGATAGGCEGG
GCGGGTGGCCTGGTCAAGGAGGGCGCCGECEAGCTGCGGECTTGGCAATGCCAATACCTACCAGGGGCCGA
CCCGCATCGCCGCCGGCCECCTEGCCETCAACGGCAGCATCGCCAGCCCGGTCACGGTCGAGCAGGCTGE
CGTGCTGGGCGGCACGGGCCGCATCETCGGGGATGTEGGCCAACCGCGGCGTGGTCECGCCGGGCAACTCG
ATCGGCGCGTTGACGGTAGCCGGCAATTACGCTGGTACCGGCGGCAGCCTGCGAAGTGGAGGCGGTGCTTG
GCGGCGACGCCGCGCCGGCCGATCGECTEETGCTTGACGEGCEGCGCGGCCAGCGGTGTCACGCCGGTCGET
GGTCAAGCCGCAGGGCGGGGETGGEGCEGGCCTGACCCTGCGCGGCATTCCGGTGGTCEGTGGCCCAGGGTGGC
GCCACGACCGCGCCCEGGECCTTCCEGCCTGECECAGCCECTGGTCGCEGGCGCCTACGAGTACCAGTTGC
TGCGCGGCGCGGGCGACGGCGCCECGECECAGGCGCAGGACTGETACCTGCGTACGTCCCGCGTCGAGCG
CGACAAGGCGGGCAGGATCGTCAAGETCETGCCCTTCTACCGGCCCGAGGTGGCGCTGTATGCCGGCACG
CCGATGCTGATGCGCATGACAGGCACGGAARATGCTGGGCAGCTATCGCGAGCGGGCGGGCCAGACTGETG
CGGTGTCGCCCGAAGCGEGCCECCACGGCCGCGCGCGETEGATGEGCGCGCACCTTCGGCCGCCETTTCGA
GCGTTCCGCCGGECCECGAGGCCECGCCETCCTTCGACGGCCATTTGGCCGGCGCGCAACTGGGCGCGGAC
CTCTACGCGCGCAGCTCGGGCACGCGGCATACCGACGCCTTCEGCGGTETTCGGCGGATATGCCACGGTGC
GCGGCGACGTGCATGGCCTGGCGCGTGGCGAAATCCAGGCCGTGGGEACGTCCACGCTGCGGGRCCACCCA
ATTGGGCGCCTATTGGACCCACACTGGTCCGGGCGGCTGCTACATCGACACCETEGCTGGCCGGCACGCGL
TACAGGCAGCAGACGAAGTCGTCCGCTCAGGTCGGCGCTETCAGCCECGECTCGEGGATGACGGCTTCGG
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TGGAGGCGGGCTATCCGTGEGCAGCTCAACCCECGCTGGCGCATCGAACCGCAGGCCCAGETGGTGTATCA
GCAACTGGGCATTGCCAATGGCGCCGACCGCCTGTCCACGGTGTCGTACAAGACGCCCGATGCGCTGACG
GCTCGGETTAGGTACGCGCCTGTCGEGCCAGTACGCATACGGEAAGGCGCAGTTGCGGCCGTTCATGCGGCG
TATCGCTGCTGCACGATTTCACCGGCGCGGACACCGTCACGTTCGCEGGGCGCGCATGGCGTACGCGCCAG
CCGCCAGAACACGGCCGTGGATCTGAAGGCGGECETGGACACGCAGCTGGCCARGAGCGTAGGCCTGTGE
GGGCAGGTAGGCTACGGCAAGTCGGTCGGCAGCGGCGACGGCAGCGACCGTGGCTGGAGCGCCAACCTGE
GGCTGCGCETGGCGTATTGA

SEQ ID NO:100 polypeptide sequence of Orf50

MRRLKAQAFEGSRSRPAGHGVAPTLLALALGFQGAAAWANCTTSGSNTTCTAAGGAHRAK
VGGGSTGNNQHVTVQAGARIEAGDSGAISVENNSRVQIQDGAVVQSTVNTAASGQYAKTL
EAASNNNISIQVGAQLLAKGSASQSSALGLSGAGNTVTINHGTIRADNAAATWITANTANA
ANTIDNYGTIETVLNGGYANAIGSTRNNSATGAGVTVRNHANGRIVGNVKFEAGDDSVIL
DGGSTITGSLNGGSGNNSLTLKAGDGTLGRAIRNFGT ITKQEAGTWTLNGQVGRNDNNFK
STVKVEGGTLVLRGDNSGATQGGVLQVSAGATADVTAASAMQSISNAGTVQFTQDSNAAY
AGVLSGTGSIVKRGGGDLTLTGNNTHTGKVVVEAGSLSVSAANNLGGAGSSVQLKGGALA
LKKTIAVNRGLTLDSGAQTLIIEPGTTTTWQGQVSGAGKLVTQGGTLVLEHASNTYSGGT
EINNGTLRAAHDASLGSGTLALKNSQLAATDSFTATRALTLAGNESIDVAATKILSWNGE
ISGAGTLVKEGQGTLLLRGTNQONGGTTVNAGTLQISRDANLGRGALALNDGTLQSTGSF
ATSRAATLRGQATMEVDASHTVIWNGELSGGGMLRKSGQGTLALAGANTYSGGTVVEAGA
LRAGHEDNLGRGAITLQGGDLLAGGSFSSNRDLTLVRGSLDVARDATLTWNGAISGAGDL
VKTGDGTLALTGVNEYAGQTVLRQGKLRVAREESLGGAALVLENNTVFESAGSYAIGRRV
TLKGAPKVATPAGDTLEWRGTVDGDGKLYKQGGGTLVLSGNNTYAKGVEVWGGVVQVSRD
QNLGAANGAVTLNGGGLAANGDFTSNRQLELTAGAKATIDVAAGKDVTWRGVVNGAGALTK
AGDGTLRLESVNTYTGGTRLQGGTVQVSRDNNLGQAAGAVTFDGGRLASTGSFATARAAT
LNNAGQIDTAQGTTLTWNGAIGGKGELRKQGAGTLVLGGANTYQGDTRVEAGTLQVSADA
NLGQGAVHLHDSRLATTGTFATSRRLELTGRGTVQAAAAATLDWRGTVAGAGTLVKEGAG
TLVLAGDNQHAGGTLVHGGTLRIARDANLGAAGTAVTLDGGTLATTASLALDRALRVGAR
NGVLLPDAGTTLDWRGVVAGAGKLTKAGPGMLVLSADNRHGGGTAVTGGTLQVSRDANLG
AAAGALTLDGGTLLSTASFASARAATLDAAGGTFVTRDGTRLDWDGAIGGAGGLVKEGAG
ELRLGNANTYQGPTRIAAGRLAVNGSIASPVIVEQAGVLGGTGRIVGDVANRGVVAPGNS
IGALTVAGNYAGTGGSLEVEAVLGGDAAPADRLVLDGGAASGVTPVVVKPQGGVGGLTLR
GIPVVVAQGGATTAPGAFRLAQPLVAGAYEYQLLRGAGDGAAAQAQDWYLRTSRVERDKA
GRIVKVVPFYRPEVALYAGTPMLMRMTGTEMLGSYRERAGQTGAVSPEAGATAARGGWAR
TFGRRFERSAGGEAAPSFDGHLAGAQLGADLYARSSGTRHTDAFGVFGGYATVRGDVHGL
ARGEIQAVGTSTLRATQLGAYWTHTGPGGWYIDTVLAGTRYRQQTKSSAQVGAVSRGWGM
TASVEAGYPWQLNPRWRIEPQAQVVYQOLGIANGADRVSTVSYKTPDALTARLGTRLSGQ
YAYGKAQLRPFMGVSLLHDFTGADTVIFAGAHGVRASRONTAVDLKAGVDTQLGKSVGLW
GQVGYGKSVGSGDGSDRGWSANLGLRVAY

SEQ ID NO:101 polynucleotide sequence of Orf51

ATGAACAAACCCTCCARATTCACTCTGGCGCTCGCCTTCGCCGCTEGTTACGGCCTCTGETGCAGCTTCCG
CGCAAACCGTGGACAACTGGCGCAATCCGTTTGGCGACGTTTGGAAGAACGGCACCAATGAACTCGTGCTG
GCGCGATGCGTTCTGGACCCCGGCTACCGGCATCCCCGGTTGCGACGGCETTCCGGTCGCTCAGAAGGAA
AAGTCCGCTCCCATGGCCGCCAAGGTCGTGTTCAATGCTGACACCTTCTTCGACTTCGACAAGTCGACGC
TGAAGCCGGAAGGCCGCCAGCTGCTGGATCAAGTCGCCCAGCAAGCCGGCACGATCGATCTGGAAACGAT
CATCGCCGTTGGCCACACGGACTCGATCGGCACCGAAGCCTACAACCAGAAGCTGTCCGAGCGCCGETGCC
GCTGCGGETCAAGACCTACCTGGTCAGCAAGGGTATCGACCCCAACCGTATCTACACGGAAGGCAAGGGCG
AACTGCAACCGATCGCTTCGAACAAGACGCGTGAAGGCCGTGCCCAGAACCGTCGCGTGGAAATCGAAAT
CGTCGGTAGCCGCAAGAACTAA

SEQ ID NO:102 polypeptide sequence of Orf51
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MNKPSKFALALAFAAVTASGAASAQTVDNWRNPFGDVWKNGTNELCWRDAFWTPATGIPG
CDGVPVAQKEKSAPMAAKVVENADTFFDFDKSTLKPEGRQLLDQVAQQAGTIDLETIIAV
GHTDSIGTEAYNQKLSERRAAAVKTYLVSKGIDPNRIYTEGKGELQPTASNKTREGRAQN
RRVEIEIVGSRKN

SEQ ID NO:103 polynucleotide sequence of Orf52

ATGAACAAACCCTCCAAATTCGCTCTGGCGCTCGCCTTCGCCGCTGTTACGGCCTCTGGTGCAGCTTCCG
CGCAAACCGTGGACAACTGGCGCAATCCGTTTGGCCACGTTTGGAAGAACGGCACCAATGAACTGTGCTG
GCGCGATGCGTTCTGGACCCCGEGCTACCGGCATCCCCEGGTTGCGACGGCGTTCCGGTCGCTCAGAAGGAA
AAGCCCGCTCCCATGGCCGCCAAGGTCETGTTCAATGCTGACACCTTCTTCGACTTCGACAAGTCGACGC
TGAAGCCGGAAGGCCGCCAGCTGCTGGATCAAGTCGCCCAGCAAGCCGGCACGATCGATCTGCGAAACGAT
CATCGCCGTTGGCCACACGGACTCGATCGGCACCGAAGCCTACAACCAGAAGCTGTCCGAGCGLCCETGCC
GCTGCGGTCAAGACCTACCTGGTCAGCAAGGGTATCGACCCCAACCGTATCTACACGGAAGGCAAGGGCG
AACTGCAACCGATCGCTTCGAACAAGACGCGTGAAGGCCGTGCCCAGAACCETCGCETGGAAATCGAGAT
CGTCGGTAGCCGCAAGAACTAA

SEQ ID NO:104 polypeptide sequence of Orf52

MNKPSKFALALAFAAVTASGAASAQTVDNWRNPFGDVWKNGTNELCWRDAFWTPATGIPG
CDGVPVAQKEKPAPMAAKVVEFNADTFFDFDKSTLKPEGRQLLDQVAQQAGTIDLETIIAV
GHTDSIGTEAYNQKLSERRAAAVKTYLVSKGIDPNRIYTEGKGELQPIASNKTREGRAQN
RRVEIEIVGSRKN

SEQ ID NO:105 polynucleotide sequence of Orf53

ATGAAGTTCTACCCTTCCCATCCGATGCCCGAGTCGCTCGCGECTGCCATCGCAGTGCCTCTGTTAGGGCC
TGCTGCCGGCGGCECAGGCCGCETCCACGGCGGTCCAGCTGCCATCCGTCACGGTCGAGGGCGAGTACTC
GTCCTATCAACCGGAAAGCGCCCAGTCGCCCAAGTTCACCGCGCCCCTGEGCCEGGACACGCCGCGCACGGTG
CAGGTCATCCCTGAGCGGCTCATCCAGCGACCAGGGGGCCAGCCGACCTCGAAGCGGTACTGCGCAATGCGC
CAGGGATATCGATGACCGCCEGCGAAGGCGGCCETCCEGCCAGCGACCTGCCGTTCATCCGCGGCCAGAA
TTCGGCCAGCAGCCTGTTTGTCGACGGCCTGCGCGATCCCAGCACGCAATCGCGCGATACCTTCAACCTG
GAACAGGTCGACGTCGTCAAGGGGCCCGATTCGGTATTTTCCGGGCGCGECGGCGCCGGCGEAAGCATCA
ACCTCGTCACCAAGACGCCCAGGAACCAGGATTTCACCGAAGTCCAGGCCGGCATCGGGACGGCCGAGAC
CTACCGAGGCACCATAGACGGCAACTGGGTGCTGGGCEGAGAACACGGCECTGCGCCTCAACCTGCTGGGC
ACCAGGGGCACCGTGCCGGGCCECGACAAGGCGGTCGAGTTCAGCCGCGTGGGTATCGCGCCATCGCTGC
GCCTGGECCTGAGCGGCCCCACCCGCETCGACGCTGGECCTGTACCTCTATCGCCACCGGCGEGTTCCCGA
TTATTCGATTCCGTACGATCCGCGCACCCECACGCCEGATCACCGAGACCATCCGEGTCAGCCGCCGCARL
TTCTACGGCCTGGTGCAGCGCGACTCCGGCGATACCGAGGACTACGCCGCCACCGTCARATGGGAGCACG
ACCTCGCCAATGGCTTCAAGCTGGAGAACCTGGCGCGCTACTCGCGCGCCACGGTGGAGCAGATCACCAC
CATCCCCGAACTGAAAACCGACCGATCTGGCCAAAGGGCTGGTGTACCGCAATCTGCGCGCCAGCTACCAG
GTCAACGACAGTTTCGCCAACCGCACCGACCTGCGCGGCACATTCGACACGGGGCAGTGGCGCCATACCT
TCCGATCTGGGCAGGGAGTTCGCCACCAGCCGGCGCAGTCGCGACCGCTACAAGCAGGAAATCCCCGACGC
CGCCAGTCCTTGCTCGCCCGTGACGEGGCGGCAACAATCCCCCCCTETGCGCCTCGCTCCGGGATCCGGAT
CCGCACGTGGATTTCCCGGGAACGGTGCGGCGCAACCATAACCCGGCCCGCTACCACACCGACATCCTGT
CCCTGTACGGTTTCGACACCATCGCCTTCGACGAGCAGTGGCAGCTGAATCTCGGCCTGCGCTGGGACCA
CTACAAGACCAGCGGACGCAACCTGCCGGTACGAGGCGCCAAGCCGCCCGTCTACGAGAGCGCCGCGLGET
ACCGACAACCTGTTCAACTACCAGCTCGGCCTGGTCTACAAGCCTCGTCCGGACGGCTCGGTGTATGCGA
GCTACGGCACGGCGTCCACGCCGTCGGCCGTETCCGACTACGCCCCGGCGGACRACATCTCCGGCACAAG
CCAGCAGTTCAAGCCGGAGCGCAGCGAGGTGATCGAGETCGGGACCAAGTGGCAGGTGCTGGACCGGCGG
CTGCTGGTGACGGGCGCCATGTTCCCGCGAAACGCCGCAAGAACACCAGCATCGAAGTCGCCGAAGGCCTGC
GCGCACCGGCCGGCAAGAGCCGCGETCACCGGCATGGAGCTGGGCGTGEGCEGGCAGCCTGACGCCGCGLTG
GGACGTCTACGGCGGCTACGCGCTGCTCGACAGCAAGCTGGETCAGGGCCAGCCATAACAGCGGGGCGCAA
GGCCAGCCGCTGCCCAGCGCGCCCCGGCACGCATTCAGCATCTGGAGCACCTACAAGCTGCTGCCGGAGC
TGACCGTGGGGGCCGEECECETTCTATCGCAGCAAGGTCTA
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TGECAACGCAGATGCCGGECCACAACAAGGACGGCACGCCCAAGECGECECTEGGETGCCGGCGTACTGGCGT
TTCGACGCCATGGCGGCETACCAGCTCAACAAGCACCTTACGGCCCAGTTGAACGTCTACAACCTGCTCG
ACAAGACCTATTACGCCAAGACCTACCGCAGCCATTACGCGGCECTGGETCCEGGGCGETCCGCCATGECT
GACGTTCAAGCTGAGCTACTGA

SEQ ID NO:106 polypeptide sequence of Orf53

MKFYPSHPMPESLAAAIAVPLLGLLPAAQAASTAVQLPSVIVEGEYSSYQPESAQSPKET
APLADTPRTVQVIPERLIQDQGASDLEAVLRNAPGISMTAGEGGRPASDLPF IRGQNSAS
SLFVDGLRDPSTQSRDTFNLEQVDVVKGPDSVFSGRGGAGGSINLVTKTPRNQDFTEVQA
QIGTAETYRGTIDGNWVLGENTALRLNLLGTRGTVPGRDKAVEFSRVGIAPSLRLGLSGP
TRVTLGLYLYRHRRVPDYSIPYDPRTGTPITETIGVSRRNFYGLVQRDSGDTEDYAATVK
WEHDLANGFKVENLARYSRATVEQITTIPELKTADLAKGLVYRNLRASYQVNDSFANRTD
LREGTFDTGOWRHTFDLGGEFATSRRSRDRYKQEIPDAASPCSPVIGGNNPALCASLRDPD
PHVDFPGTVRRNHNPARYHTDILSLYGFDTIAFDEQWOLNLGLRWDHYKTSGRNLPVRGA
KPPVYESAARTDNLFNYQLGLVYKPRPDGSVYASYGTASTPSAVSDYAPADNISGTSQQF
KPERSEVIEVGTKWQVLDRRLLVTGAMFRETRKNTSIEVAEGLRAPAGKSRVTGMELGVA
GSLTPRWDVYGGYALLDSKLVRASHNSGAQGQOPLPSAPRHAFSIWSTYKLLPELTVGAGA
FYRSKVYCNADAGHNKDGTPKARWVPAYWRFDAMAAYQLNKHLTAQLNVYNLLDKTYYAK
TYRSHYAALGPGRSAMLTFKLSY

SEQ ID NO:107 polynucleotide sequence of Orf54

ATGAAAAAGACTCTGCTCGCTGCCECCCTECTCEGCCEETTTCGCCGGTGCCGCTCAGGCAGAAACGTCGG
TCACCCTGTACGEGTATCATCGACACCGEGTATCGGCTACAACGATGTCCGATTTCAAGGTGAAAGGCGCTAA
CECCGACGACAGCGACTTCAAGTACAACCACAGCCGCTTCGGCATGATCAACGEGCGTGCAGAACGGTTCG
CGCTERRETCTECCTEGGTACGCGAAGATCTCEGTGACGGCCTGCAAGCTGTGTTCCAACTGGAATCGGGCT
TCAACTCGGGCAACGGTAACTCEGCCCAAGACGGCCECCTGTTCGETCGCCARGCCACCATCGGTCTGCA
AAGCGAAAGCTGGCECCATCTGGACTTCGETCECCARACCAACATCGCCTCGARGTACT TCGRCTCGATC
GATCCETTCGECECTEGCTTCEETCAAGCCAACATCGGCATGGGCATGAGCGCGATGAACACCGTTCGCT
ACGACAACATCERTCATGTACCAGACCCCGTCGTACAGCGGCTTCCAGTTCGGTATCGGCTACTCGTTCAG
CGCGAACGACAAGGATCCTGACGCCETCAACCGCETTGECTTCGCCACCGCCGACAACGTTCGTGCCATC
ACGACCGETCTGCGCTACGTGAACGGCCCGCTGAACGTCGCTCTGTCGTACGACCAGCTGAACGCCTCGA
ACAACCAAGCCCAAGGCGAAGTTGACGCGACCCCGCGCAGCTACGGCCTCGGCGGTTCGTATGACTTCCA
AGTCGTCAAGCTEECTCTEACCTACCCTCGCACGACCEACGECTGEGTTCEETGECCAAGGCTACCCGGTC
GCCGTCACGCTECCCTCGEECGACAAGTTCEECEGECTTCGGCGTGAACACCTTCGCTGACGGCTTCAAGG
CCAACTCGTACATGGTCGGCCTETCGGCCCCCATCGGCGECGCCAGCAACGTGTTCGGTTCGTGGCAGAT
GGTTGACCCCAAGCTGACCCGECGGCGACGAGARAGATGAACCTCTTCTCGCTGGGCTACACCTACGACCTG
TCCAAGCGCACCAACCTGTACGCCTACGGTTCGTACGCCARGAACTTCGCGTTCCTGGAAGATGCCAAGT
CGACCGCTGTCGGCETCGETATCCGTCACCGCTTCTAR

SEQ ID NO:108 polypeptide sequence of Orf54

MKKTLLAAALLAGFAGAAQAETSVTLYGIIDTGIGYNDVDFKVKGANADDSDFKYNHSRF
GMINGVONGSRWGLRGTEDLGDGLOAVFQLESGFNSGNGNSAQDGRLFGROATIGLOSES
WGRLDFGRQTNIASKYFGSIDPFGAGFGQANIGMGMSAMNTVRYDNMVMYQTPSYSGFQF
GIGYSFSANDKDADAVNRVGFATADNVRAITTGLRYVNGPLNVALSYDQLNASNNQAQGE
VDATPRSYGLGGSYDFEVVKLALAYARTTDGWFGGQGYPVAVTLPSGDKFGCGFGVNTFAD
GFKANSYMVGLSAPIGGASNVFGSWQMVDPKLTGCDEKMNVESLGYTYDLSKRTNLYAYG
SYAKNFAFLEDAKSTAVGVGIRHRF

SEQ ID NO:109 polynucleotide sequence of OrfS5

ATGAAAAAGACTCTGCTCGCTECCGCCCTGCTCECCEGTTTCGCCEETGCCGCTCAGGCAGAAACGTCGG
TCACCCTGTACGETATCATCGACACGCEETATCGGCTACAACGATGTCGATTTCAAGCGTGAAAGGCGCTAA
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CGCCGACGGCAGCGACTTCAAGTACAACCACAGCCGCTTCGGCATGATCAACGGCETGCAGAACGEGTTCG
CGCTGGGETCTGCGTGGTACGGAAGATCTGGGTGACGGCCTGCAAGCTGTGTTCCAACTGGAATCGGGCT
TCAGCTCGGCCRAACGGTAACTCGGCCCAAGACGGTCGCCTETTCGGTCGTCAAGCCACCATCGGTCTGCA
AAGCGAAAGCTGGGGCCGETCTGGACTTCGGTCGCCARACCAACATCGCCTCGAAGTACTTCGEGCTCGATC
GATCCATTCCGCGCTGGCTTCGGTCAAGCCAACATCGGCATGGGCATCGAGCGCGATGAACACCGTTCGECT
ACGACAACATGGTCATGTACCAGACCCCGTCGTACAGCGGCTTCCAGTTCGGTATCGGCTACTCGTTCAG
CGCGAACGACAAGGACCGCTGACGCCGTCAACCGCGTTGGCTTCGCCACCGCCGACARCGTTCGTGCCATC
ACGACCGGTCTGCGCTACGTGAACGGCCCCCTGRAACGTCGCTCTGTCGTACGACCAGCTGAACGCCTCGA
ACAACCAAGCCCAAGACGAAGTTGACGCCACCCCGCGCAGCTACGGCATCGGECGETTCGTATGACTTCGA
AGTCGTGAAGCTGGCTCTGGCCTACGCTCGCACGACCGACGGCTEETTCGGTGGCCAAGGCTACCCGGTC
GCTGETCACGCTGCCCTCGGGCGACAAGTTCGGCCEEGCTTCGGCGTGAACACCTTCGCTGACGGCTTCAAGG
CCAACTCCTACCTGTTGGGCCTGTCGGCTCCCGATCEGGCGGCGCCAGCAACGTETTCGGTTCGTGGCAGAT
GGTTGACCCCAGCAACGACAAGCTGACCGGCGGCGACGAGAAGATGAACGTCTTCTCGCTGGGCTACACC
TACGACCTGTCCAAGCGCACCAACCTGTACGCCTACGGTTCGTACGCCAAGAACTTCGCGTTCCTGGAAG
ATGCCAAGTCGACCGCTGTCGGCGTCGGTATCCGTCACCGCTTCTAA

SEQ ID NO:110 polypeptide sequence of Orf55

MKKTLLAAALLAGFAGAAQAETSVTLYGIIDTGIGYNDVDFKVKGANADGSDFKYNHSRF
GMINGVQNGSRWGLRGTEDLGDGLQAVFQLESGFSSANGNSAQDGRLFGRQATIGLQSES
WGRLDFGRQTNIASKYFGSIDPFGAGFGQANIGMGMSAMNTVRYDNMVMYQTPSYSGFQF
GIGYSFSANDKDADAVNRVGFATADNVRAITTGLRYVNGPLNVALSYDQLNASNNQAQDE
VDATPRSYGIGGSYDFEVVKLALAYARTTDGWEFGGQGYPVAVTLPSGDKFGGFGVNTFAD
GFKANSYLLGLSAPIGGASNVFGSWQMVDPSNDKLTGGDERKMNVEFSLGYTYDLSKRTNLY
AYGSYAKNFAFLEDAKSTAVGVGIRHRF

BPP0452 : Autotransporter

>BPP0452 B.parapertussis np_ 882803
>BPP0452 n

B.pertussis homologous sequence : SEQID5Q in VB60452

BPP3135 : OmpA

>BPP3135 B.parapertussis np 885310
>BPP3135 n

>BP0943 B.pertussis
>BP0943_n

BPP3376 : Probable TonB-dependant receptor for
iron transport

>BPP3376 B.parapertussis np_ 885539
>BPP3376_n
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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
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 1 in which the polypeptide comprises
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
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 1 to 3 in which the polypeptide
comprises an amino acid sequence which is an immunogenic fragment of the polypeptide of
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.
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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(i) 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,
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 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,;

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

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 1II ss or

lipopolysaccharide .

7. The immunogenic composition of claim 6 comprising one or more Bordetella iron
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
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
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.

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 1 to 13 for the prevention or

treatment of Bordetella pertussis infection.

15. The immunogenic composition of any one of claims 1 to 14 for the prevention or treatment

of Bordetella parapertussis infection.

16. The immunogenic composition of any one of claims 1 to 15 for the prevention or

treatment of Bordetella bronchiseptica infection.

17. The immunogenic composition of any one of claims 1 to 16 comprising a polypeptide

that is expressed during the Bvg+ early phase of Bordetella infection.

18. The immunogenic composition of any one of claims 1 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 1 to 18 comprising a polypeptide that

is expressed during the Bvgi phase of Bordetella infection.

20. The immunogenic composition of any one of claims 1 to 19 comprising an antigen that is

expressed during the Bvg- phase of Bordetella infection.

21. The immunogenic composition of any one of claims 1 to 20, further comprising diphtheria

toxoid and tetanus toxoid.

22. The immunogenic composition of any one of claims 1 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

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 1 to 25 further comprising a protein

from N. meningitidis serogroup B.

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 1 to 27 further comprising killed attenuated

Hepatitis A virus.
29. A vaccine comprising the immunogenic composition of any one of claims 1 to 28.
30. The vaccine of claim 29 comprising an adjuvant.

31. Use of the immunogenic composition of any one of claims 1 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.
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Sampl Standards

Gel band # T4——o | i 175

Gel band #———__|

Gelband # 16—

A2kDAa
Gelband #17 | " |

AZ.B.kDa

32.8.kNa

Gel band # 18“’—4

25.kDa..

SDS-PAGE (MES)
Western blot (MES)

Figure 5
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Sampl  standards

| Gelband #8

/ Gel band # 9
'/ Gel band # 10

| Gel band # 11

Gel band # 12

Gel band #13

Western blot SDS-PAGE (MOPS)

Figure 6
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