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major adhesion factor encoded by a rpl pathogenicity island
which enables host colonisation, wherein the rpl pathogenic-
ity islandis absent from non-pathogenic Rhodococcus spe-
cies. Further, the proteins (Rpl) encoded by the rpl pathoge-
nicity island have been determined to be major
immunodominant antigens. There is provided a novel diag-
nostic marker and vaccine candidate for R. equi in horses and
other susceptible species.
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Figure 10 A

>RplA_ATCC33707 (SEQ ID NO 48):
gtgatcgtcgcagegggegteggegetgecctectgggecatectecgecggggegttegea
aacagtgcgatcgaccgegtgegectggagaccgegtgegecgagcecgaagtcgaceccec
gccaactcaaccccecgecgteccceccteccctacgtecgeggtggecgeccggategegatyg
atcgacaccatcacgcgacgacacgacatcagtgeccgecgegtgectegtecgaactegea
actgccctectgttecgtegecgatcactcectecgtectegecgetectegatetteteceggea
gcaccggcectatcectctggttecgeccgtegtcgggategecctegecgtcategacatecgat
tgcaaacggctgccgaacttcecectegtegtaccgtegtacccgategtattegectgectg
gcagtgggttcegtcgtcacgggcgactggteggecectgetgegegecgegateggtgece
gcegtectgttegggttctacttegtactegecctgatctateceggecggecatggggtte
ggcgacgtcaaacttgccggecgtcatcggecgecgtectegectacctgtegtacggcaca
ctgctecgteggggegtttctegegttectggtggecgecactegteggectgatcatectyg
gtcacccgtecgecggacggatcgggaccacgatteecttecgggeegtacatgattgeggeg
gcegtegttgegatecctggcagecgatecgetggegegtgegtatetggactgggecgec
gcggcctga

>Rpla_PAM1571 (SEQ ID NO 49):
GTGATCGTCGCAGCGGGCGTCGGCGCCGCACTCCTGGGCATCCTTGCCGGGGCATTCGCA
AACAGTGCGATCGACCGCGTGCGCCTGGAGACCGCGTGCGCCGAGCCGAGGGCGACCCCC
ACCGGCTCAACCCCGCCGCCCCCCTCCCCTACGTCCGCGGTAGCCACCCGGATCGCGATG
ATCGACACCATCACGCGACGACGCGACATCAGTGCCCGCCGCATGCTCGTCGAACTCGCA
ACGGCCCTCCTGTTCGTCGCGATCACTCTCCGTCTCGCCGCTCTCGATCTTCTCCCGGCA
GCACCGGCCTATCTCTGGTTCGCCGTCATCGGGATCGCCCTCGCCGTCATCGACATCGAT
TGCAAACGGCTGCCGAACTTCCTCGTCGTACCGTCGTACCCGATCGTATTCGCCTGCCTG
GCAGTGGGTTCCGTCGTCACGGGCGACTGGTCGGCCCTGCTGCGCGCCGCGATCGGTGCC
GCCGTCCTGTTCGGGTTCTACTTCGTACTCGCCCTGATCTATCCGGCCGGCATGGGGTTC
GGCGACGTCAAACTTGCCGGCGTCATCGGCGCCEGTCCTCGCCTACCTGTCGTACGGCACA
CTGCTCGTCGGGGCGTTTCTCGCGTTCCTGGTGGCCGCACTCGTGGGCCTCATCATCCTG
GTCACCCGTCGCGGTCGGATCGGGACCACGATTCCCTTCGGGCCGTACATGATTGCGGCG
GCCGTCGTTGCGATCCTCGCGGCCGATCCGCTGGCGCGTGCGTATCTGGACTGGGCCGCC
GCGGCCTGA

>RplA_PAM1593 (SEQ ID NO 50):
GTGATCGTCGCAGCGGGCGTCGGCGCCGCACTCCTGGGTATCCTCGCCGGGGCGTTCGCG
AACAGTGCGATCGACCGCGTGCGCCTGGAGACCGCGTGCGCCGAGCCGAAGTCGACCCCC
ACCGGCTCAACCCCGCCGCCCCCCTCCCCTGCGTCCGCGGTAGCCACCCGGATCGCGATG
ATCGACACCATCACGCGACGACGCGACATCAGTGCCCGCCGCATGCTCGTCGAACTCGCA
ACGGCCCTCCTGTTCGTCGCGATCACTCTCCGTCTCGCCGCTCTCGGTCTTCTCCCGGCA
GCACCGGCCTATCTCTGGTTCGCCGTCATCGGGATCGCCCTCGCCGTCATCGACATCGAT
TGCAAACGGCTGCCGAACTTCCTCGTCGTACCGTCGTACCCGATCGTATTCGCCTGCCTG
GCAGTGGGTTCCGTCGTCACGGGCGACTGGTCGGCCCTGCTGCGCGCCGCGATCGGTGCC
GCCGTCCTGTTCGGGTTCTACTTCGTACTCGCCCTGATCTATCCGGCCGGCATGGGGTTC
GGCGACGTCAAACTTGCCGGCGTCATCGGCGCCGTCCTCGCCTACCTGTCGTACGGCACA
CTGCTCGTCGGGGCGTTTCTCGCGTTCCTGGTGGCCGCACTCGTCGGCCTGATCATCCTG
GTCACCCGTCGCGGACGGATCGGGACCACGATTCCCTTCGGGCCGTACATGATTGCGGCG
GCCGTCGTTGCGATCCTGGCGGCCGATCCGCTGGCGCGCGCGTATCTGGACTGGGCCGLCC
GCGGCCTGA
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Figure 10B

>RplB_PAM1571 (SEQ ID NO 51):
ATGAACCTCTTCTTCGCGAACCTGTACCTCATGGGCTTAGACGTCAAGGACCGTCTGACC
CGTGACGACCGCGGCGCCACTGCGGTCGAGTACGGACTGATGGTCGCCGGCATCGCGATG
GTGATCCTCATTGCGGTCTTCGCCTTCGGCGGCAAGATCAGCGAGCTGTTTAGCGGCTTC
AATTTCGACAAGCCCGCTGCGTCGGGCACGTAG

>RplB ATCC33707 (SEQ ID NO 52):
atgaacctcttcttcgecgaacctgtacctecatgggecttagacgtcaaggaccgtectgace
cgtgacgaccgcggcecgccactgeggtcgagtacggactgatggtcgeeggecatcgegatg
gtgatcatcatcgecgtetttgectteggeggecagactecagecaccctgtteccagaactte
aacttcgccaaccecgggtaactag

Figure 10 C

>RplC_PAM1571 (SEQ ID NO 53):
ATGGGCATGCGCCGTTTTGGTTCTGATTCTGGTGCTGCCGCAGTCGRATTCGCTCTCGTT
GTTCCGATTCTGATCACACTGGTCCTCGGCATCGTGGAGTTCGGTCGGGGATACAACGTC
CAGAACGCGGTCAGCGCTGCTGCCCGCGAGGGTGCACGGACGATGGCGATCAAGAAGGAT
CCGGCGGCGGCGCGTGCCGCCGTGAAGGGCGCGEGGTGTGTTCAGTCCGGCGATCACCGAT
GCGGAGATCTGCATCAGCACTTCGGGAACGCAGGGCTGTTCGGCAACGTCGTGCCCGAGL
GGAAGTACCGTGACGCTCACGGTCAGCTATCCACTCGAGTACATGACGGGACTCTTTCCC
GGTAAGCCGACGCTCACCGGCACGGGGGTCATGCGATGCGGTGGGTGA

>RplC_ATCC33707 (SEQ ID NO 54):
gtgatcatgaagcgcctcacttecgattcaggggtegecgecagtcgaattegetetegte
gttccgatcecctgatcacactggtectcggcatecgtcgagttcggtecggggatacaacgte
cagaacgcggtcagegcetgetgecccgegaggogtgcacggacgatggegatcaagaaggat
ccggcggceggcegegtgecgecgtgaagggecgegggtgtgttcagtecggegatcacecgat
gcggagatctgcatcagecacttegggctcgecagggectgtteggcaacgtegtgtecgage
ggaagtaccgtgacgctcacggtcagctatccactcgagtacatgacgggactecttteec
ggtaagccgacgctcaccggcacgggggtcatgcgatgeggtgggtga

>RplC_PAM1953 (SEQ ID NO 55):
ttgcgttccgattcaggggtcgecgecagtegaattegetetegtegttecgatectgate
acactggtcctcggecatcgtggagttcggtcggggttacaacgtccagaacgecggtcage
gctgctgcccgegagggtgcacggacgatggcgatcaagaaggatccggeggeggegegt
gctgccgtgaagggegegggtgtgttcagtecggcgatcaccgatgecggagatctgecate
agcacttcgggaacgcagggctgttcggcaacgtcgtgteccgagecggaagtacecgtgacyg
ctcacggtcagctatccactcecgagtacatgacgggactctttecccggtaageccgacgctc
accggcacgggggtcatgegatgecggtgggtga
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Figure 10 D (i)

>RplD_PAM1593 (SEQ ID NO 56):
ATGCGGTGGGTGAGGTCTCGCATGTCTAATGACGAGCGCGGGGTCGTCGCCGTGCTCGTC
GCGATCCTCATGGTCGTGCTCCTGGGATGTGCTGCGATCTCGGTCGACATCGGTGCGAAC
TATGTCGTCAAACGTCAGTTGCAGAACGGGGCCGATGCGGCTGCGCTCGCCGTAGCTCAG
GAATCCAGTTGCAAGGCAGGATCTTCCGCCTCATCCGTGTCGAGCCTTGTCCAGGCGAAC
GTCAACAGCTCGTCGGCTTCAAGTGCGGCGGTGATCGACGGTGTGAAGCGGAAGGTGACG
GTCACTGCGTCGGCGGTGGGTGACGACGGCCTCGCCGGCCGGAGGAACGTGTTCGCTCCG
GTCCTCGGAGTCGACCGCAGCGAGATCTCGGCGTCTGCGACTGCAAGCTGCGTGTTTCCC
CTCGGGGGGACCGCGGAACTCCCGCTCACGTTCCACAAGTGCCATTTCGACGAATCCCGC
AGTCTGGACGTGAAGATCCTCGTCGCCTACAACGTGACGGCGCCGCGCTGCAACGGAACC
TCGGGAAATGCGGCACCGGGCAATTTCGGCTGGCTGCAGGGGGCGAACGGTCGATGCCCG
GCGAAGATCGACGCCGCCGTCTATGCAACACCGGGCGACACCGGTAACAACATTCCGGGG
CCGTGCAAGGACACCATCAAGCAGTTTCAGAATGCCGTCGTCCGGGTCCCGATCTACGAC
GTCGCAGGTGGAACCGGAAGCGGTGGATGGTTTCACGTCGTCGGTTTGGCTGCCTTCAAG
ATTCAGGGCTACCGGCTGAGCGGCAACCCGGAGTTCAACTGGAACAACGATGTTCACGGG
GCGCTGAGTTGCACCGGCAGCTGTCGCGGCATCATCGGCACCTTCGTGAAAATTGTCAGC
CTCGATTCGGATCTGACGCCGGGAGGGATCGATTTCGGCGTGAGTACGATCAGCTTGCTC
GATTAG

>RplD_ATCC33707 (SEQ ID NO 57):
atgcggtagggtgaggtctcecgcatgtcgaatgacgagcgeggggtegtegecgtgttegte
gcgatcctcatggtcgtgetectgggatgtgectgecgatcteggtcgacatcggtgegaac
tatgtcgtcaaacgtcagttgcagaacggggccgatgecggctgegetegecgtagetcag
gaatccagttgcaaggcaggatcttecgectcatececgtgtcgaggettgtccaggegaac
gtcaacagctcgtecggcttcaagtgecggeggtgatcgacggtgtgaageggaaggtgacy
gtcactgecgteggecggtgggtgacgacggcectegecggecggaggaacgtgttegeteeg
gtecctecggagtcgaccgcecagegagatcteggegtctgegactgcaagetgegtgtttecece
ctecggggggaccgcggaactceccgectecacgtteccacaagtgecatttecgacgaatececge
agtctggacgtgaagatcectcecgtegectacaacgtgacggegecgegctgcaacggaacce
tcgggaaatgcggcaccgggcaattteggectggetacagggggtgaacggtegatgeceg
gcgaagatcgacgcggcecgtctatgcaacaccgggegacaccggtaacaacatteccggygg
ccgtgcaaggacaccatcaagcecagtttcagaatgecegtegtecgggteccgatectacgac
gtcgcaggtggaaccggaageggtggatggtttcacgtegteggtttggetgecttcecaag
attcagggctaccggctgagcggcaacccggagttcaactggaacaacgatgttecacgga
gcgctgagttgcaccggcagctgtcgeggcatcatecggcaccttecgtgaaaattgtcage
ctcgattcggatctgacgccgggagggatcgatttcggegtgagtacgatcagettgete
gattag
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Figure 10 D (ii)

>RplD_PaM1571 (SEQ ID NO 58)
ATGCGGTGGGTGAGGTCTCGCATGTCTAATGACGAGCGCGGGGTCGTCGCCGTGCTCGTC
GCGATCCTCATGGTCGTGCTCCTGGGATGTGCTGCGATCTCGGTCGACATCGGTGCGAAC
TATGTCGTCAAACGTCAGTTGCAGAACGGGGCCGATGCGGLTGCGCTCGCCGTAGCTCAG
GAATCCAATTGCAAGGCAGGATCTTCCGCCTCATCCGTGTCGAGCCTTGTCCAGGCGAAC
GTCAACAGCTCGTCCGGCTTCAAGTGCGGCGGTGATCGACGGTGTGAAGCGGAAGGTGACG
GTCACTGCGTCGGCGGTGGGTGACGACGGCCTCGCCGGCCGGAGGAACGTGTTCGCTCCG
GTCCTCGGAGTCGACCGCAGCGAGATCTCGGCGTCTGCGACTGCAAGCTGCGTGTTTCCC
CTCGGGGGGACCGCGGAACTCCCGCTCACGTTCCACAAGTGCCATTTCGACGAATCCCGC
AGTCTGGACGTGAAGATCCTCGTCGCCTACAACGTGACGGCGCCGCGCTGCAACGGAACC
TCGGGAAATGCGGCACCGGGCAATTTCGGCTGGCTGCAGGGGGCGAACGGTCGATGCCCG
GCGAAGATCGACCCCACCGTCTATGCAACACCGGGCGACACCGGTAACAACATTCCGGGG
CCGTGCAAGGACACCATCAAGCAGTTTCAGAATGCCGTCGTCCGGGTCCCGATCTACGAC
GTCGCAGGTGGAACCGGAAGCGGTGGATGGTTTCACGTCGTCGGTTTGGCTGCCTTCAAG
ATTCAGGGCTACCGGCTGAGCGGCAACCCGGAGTTCAACTGGAACAACGATGTTCACGGG
GCGCTGAGTTGCACCGGCAGCTGTCGCGGCATCATCGGTACCTTCGTGAAAATTGTCAGC
CTCGATTCGGATCTGACGCCGGGAGGGATCGATTTCGGCGTGAGTACGATCAGCTTGCTC
GATTAG
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Figure 10 E

>RplE_ATCC33707 (SEQ ID NO 59):
ttgagaacccgaatcattgectgcgatctgtgecgatcecgttctegeggtegegggaacecte
gcectgatcetecgtatgtacgecggggccgatgeeccgegecctggegggtacacgeacegte
gatgtgctcgtcgecgatcagacgattccgaagaacactcececcgecgattecgectegtggga
atggttgtggtcaagaaacttccggaaatggecggtgctaccecgaacgggtgaccagtcte
gaccaactgtccggcaaggtcgegctgaccgacctectacctggecgaacaactggteteg
gcgegattcecgeecgacecggegacegeccgaagtcaggaccagggaggaateccecgagggg
atgcaggaggtgacggttcttctcgagccgcaacgcgcactgggaggccacatcgegtca
ggcgataccgtcggegtcttcatgtecttctegececgeeccgtcaagaactacgaaacacat
ctgagattgcagaaagtgcgagtcacgecgggtccagggaacgttttccaacgecgacgaa
ggggattcggccacggtcgactecgtegecgagecectgeteccaccgaggeetttetegte
tcgectggcggtegacgtgecgatggecggagegegtegttttcgecgecggagcacgggace
atctggctttccaatgageccgectgagttcgaacgaggecggggcatcegtggtectecceeg
gaaggagtgttccgatga

>RplE_PAM1953 (SEQ ID NO 60):
TTGAGAACCCGAATCATTGCTGCGATCTGTGCGATCGTTCTCECGGTCGCGGGAACCCTC
GCCCTGATCTCGTATGTACGCGGGGCCGATGCCCGCECCCTGGCGGGTACACGCACCGTC
GATGTGCTCCTCGCCGATCAGACGATTCCGAAGAACACTCCCGCCGATTC GCTCGTGGGA
ATGGTTGTGGTCAAGAAACTTCCGGAAATGGCGGTGCTACCCGAACGGGTGACCAGTCTC
GACCAACTGTCCGGCAAGGTCGCGCTGACCGACCTCCTGCCGGGCGAACAACTGGTCTCG
GCGCGATTCGCAGACCCGGCGACCGCCCGAAGTCACGACCAGGGAGGAATCCCCGAGEGE
ATGCAGGAGGTGACGGTTCTTC TCGAGCCCCAACGCGCACTGGGAGGCCACATCGCGCCG
GGCGATACCGTCGGCGTCTTCATGTCCTTCTCGCCGCCCGTCAAGAACTACGARACACAT
CTGAGATTGCAGAAAGTGCGAGTCACGCGGGTCCAGGGAACGTTTTCCAACGCCGACGAA
GGGGATTCGGCCACGGTCCGACTCGTCGCCGAGCCCTEGCTCCCACCGAGGCCTTTCTCGTC
TCGCTGGCEETCCACGTGCCGATGGCGEGAGCGCGTCETTTTCGCCGCGGAGCACGGGACC
ATCTGGCTTTCCAATGAGCCGCTGAGTTCGAACGAGGCCGGGGCATCCGTGGTCTCCCCG
GAAGGAGTGTTCCGATGA '

>RplE_PAM1571 (SEQ ID NO 61):
TTGAGAACCCGAATCATTGCTGCGATCTGTGCGATCGTTCTCGCGGTCGCGGGAACCCTC
GCCCTGATCTCGTATGTACGCGGEGCCGATGCCCGCGCCCTGGCGGGTACACGCACCGTC
GATGTGCTCGTCGCCGATCAGACGATTCCGAAGAACACTCCCGCCGATTCGCTCGTGGGA
ATGGTTGTGGTCAAGAAACTTCCGGAAATGGCGGTGCTACCCGATCGGGTGACCAGTCTC
GACCAACTGTCCGGCAAGGTCGCGCTGACCGACCTCCTGCCTGGCGAACAACTGGTCTCG
GCGCGATTCGTCGACCCGGCGACCGCCCGAAGTCAGGACCAGGGAGGAATCCCCGAGGGG
ATGCAGGAGGTGACGGTTCTTC TCGAGCCGCAACGCGCACTGGGAGGCCACATCGCGTCA
GGCGATACCGTCGGCGTCTTCATGTCCTTCTCGCCGCCCGTCAAGAACTACGAAACACAT
CTGAGATTGCAGAAAGTGCGAGTCACGCGGGTCCAGGGAACGTTCTCCAACGCCGACCGAA
GGGGATTCGGCCACGETCGACTCGTCGCCGAGCCCTGCTCCCACCGAGGCCTTTCTCGTC
TCGCTGGCGETCGACGTGCCGATGGCGGAGCGCGTCETTTTCGCCGCGGAGCACGGGACT
ATCTGGCTTTCCAATGAGCCGCTGAGTTCGAACGAGGCCGGGGCATCCGTGGTCTCCCCG
GAAGGAGTGTTCCGATGA
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Figure 10 F (i)

>RplF_PAM1571 (SEQ ID NO 62):

ATGAGCCGCATCGTCCTGCTGACCGATCGCGACGATTTCGCCCGCCGCGTGTACCACGCC
GCGGACGGCAACCTTCTGGTGTTGCCGGCGCAGCCGETTCCCCGGGGGCCGGCGCAGTTG
GTCGGGCTCGGCGTGACCGTGCAACCCGAAGTTCTCGTTCTCGGTCCGGACGTGCCGGAA
GTGGAGGGCCTCTCCCTCGCCGGCCGGATCGATCATTCGACGCCCGGCACCACGGTGGTT
CTGGCCAGTGATGCGGGCACCGACGTGTGGTTGCGGGCGATGCGCGCCGGCGTGCGGGAL
GTGATGTCGCCGGAGGCGGAGATCGCGGACGTTCGTGCGGTACTCGATCGAGCGGGCCAG
GCCGCACTGGCGCGACGTCAGGGGGCGAGTGCACCGGCGGAGCAGCATGCGGTTCAAGGG
AAGGTCATCGTGGTCGCGTCGCCGAAAGGCGGAACCGGAAAGACCACCGTTGCGACGRAAT
CTTGCAGTAGGACTCGCGGCGGCAGCGCCTCACTCGACGGTGTTGGTGGACCTCGACGTG
CAGTTCGGGGACGTTGCCAGTGCTCTCCAGTTGGTTCCGGAACATTGCCTGACCGACGCC
GTCGCGGGCCCGGCCAGCCAGGACATGATCGTCCTCAAGACCGTCCTTACACCCCATTCC
ACAGGACTGCATGCGCTGTGTGGGTCCGACTCGCCCGCGGLCGGGCGACAGCATCACCGGC
GAGCAGGTGAGCACTCTGCTGACGCAGTTGGCGGCCGAATTCCGGTACGTGGTCGTCGAC
ACCGCGCCCGGTTTGCTCGAACACACCCTGGCGGCGCTCGACCTCGCTACCGACGTCGTG
TTGGTGTCGGGTATCGACGTGCCCAGCGTCCGCGGGATGCACAACGGAACTGCAGTTGCTG
GCGGAGCTGAATCTGGGTCCGGTCGTGCGGCATGTCGTGCTCAACTTTGCGGATCGACGC
GAGGGGCTGACGGTCCAGGACATCCAGAACACCATCGGGGTCCCCGCCGATATCGTGATC
AAGCGGTCGAAAGCCGTTGCCCTCTCGACGAACCGGGGTGTTCCACTGCTTCAGAACCCG
GGTCGGGATCGCACTGCGAAAGAGTTGTGGCGACTCGTCGGCCGTATCGATCCGGCTCCC
GATACCACCAAGGGTGGACGCGCGLGGCATCGGGCAGCCGAGGCGGTGGGGGCGAAATGA

>RplF_PAM1593 (SEQ ID NO 63):

ATGAGCCGCATCGTCCTGCTGACCGATCGCGACGATTYCGCCCGCCGCGTGTACCALCGCC
GCGGACGGCAACCTTCTGGETGTTGCCGGCGCAGCCGGTTCCCCGGGGGCCGGCGCAGTTG
GTCGGGCTCGGCGTGACCGTGCAACCCGACGTTCTCETTCTCGGTCCGGACGTGCCGCAA
GTGGAGGGCCTCTCCCTCGCCGGCCGGATCGATCATTCGACGCCCGGCACCACGGTGGTT
CTGGCCAGTGATGCGGGCACCGACGTGTGGTTGAGGGCGATGCGCGCCGGCETGCEGGAL
GTGATGTCGCCGGAGGCGGAGATCGCGGACGTTCGTGCCGTACTCGATCGAGCAGGTCAG
GCCGCGCTGGCGCGACGTCAGGGGGCGAGTGCACCGGCGGAGCAGCATGCGGTTCAAGGG
AAGGTCATCGTGGTCGCGTCGCCGAAAGGCGGAACCGGAAAGACCACCGTTGCGACGAAT
CTTGCAGTCGGACTCGCGGCGGCAGCGCCTCACTCCACGGTGTTGCGTGGACCTCGACGTG
CAGTTCGGCGACGTTGCCAGTGCTCTCCAGTTGGTTCCGGAACATTGCCTGACCGACGLCC
GTCGCGAGCCCGGCCAGCCAGGACATGATCGTCCTCAAGACCGTCCTGACACCCCATTCC
ACAGGACTGCATGCGCTGTGTGGATCGGACTCGCCCGCGGCGGGCGACAGCATCACCGGC
GAGCAGGTGAGCACTCTGCTGACGCAGTTGGCGGCCCGAATTCCGGTACGTGGTCGTCGAL
ACCGCGCCCGGTTTGCTCGAACACACCCTGGCGGCGCTCGACCTTGCTACCGACGTCGTG
TTGGTGTCGGGTATGGACGTGCCCAGCGTCCGCGGGATGCACAAGGAACTGCAATTGCTG
ACGGAGCTGAATCTGGGTCCGGTCGTGCGGCATGTCGTGCTCAACTTTGCGGATCGACGC
GAGGGGCTGACGGTCCAGGACATCCAGAACACCATCGGGGTCCCCGCCGATATCGTGATC
AAGCGCTCGAAAGCCGTTGCCCTCTCGACGAACCGGGGEGGTTCCACTGCTTCAGAACCCG
GGTCGGGATCGCACTGCGAAAGAGTTGTGGCGACTCGTCGGCCGTATCGATCCGGCTCCC
GATACCGCCAAGGGTGGACGCGCGCGGCATCGEGGGCAGCCGAGGCGGTGGGTGCGAAATGA
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Figure 10 F (ii)

>RplF_ATCC33707 (SEQ ID NO 64):

atgagccgcatcgtectgectgaccgatcgegacgatttegeccgeecgecgtgtaccacgec
gcggacggcaaccttctggtgttgeecggegcagecggttececgggggecggegecagttyg
gtcgggctcggegtgaccgtgcaacccgacgttcectegttcteggtecggacgtgecggaa
gtggagggcctctcectegecggecggatecgatcattecgacgeccggcaccacggtyggtt
ctggccagtgatgcgggcaccgacgtgtggttgagggcgatgcgecgccggcgtgcgggac
gtgatgtcgccggaggcggagatcgeggacgttegtgeegtactecgatecgagcaggtecag
gccgcegetggegegacgtcagggggcgagtgecaccggcggagecagecatgeggttcaaggg
aaggtcatcgtggtcgcgtcecgeccgaaaggcggaaccggaaagaccaccgttgegacgaat
cttgcagtcggactcgcggcggcagcgectcactccacggtgttggtggacctecgacgtg
cagttcggcgacgttgccagtgctctccagttggtteccecggaacattgecctgaccgacgcc
gtcgcgagecceggcecagccaggacatgategtectcaagacegtectgacacccecattee
acaggactgcatgcgctgtgtggatcggactcgccececgeggegggcgacagcattaccgge
gagcaggtgagcactctgctgacgcagttggcggccgaattccggtacgtggtcecgtecgac
accgcgeccggtttgetcgaacacaccctggeggegetegaccttgetaccgacgtegtg
ttggtgtcgggtatggacgtgecccagcgtecgcgggatgcacaaggaactgecaattgetg
acggagctgaatctgggtccggtcgtgcggcatgtcgtgctcaactttgecggatcgacgce
gaggggctgacggtccaggacatccagaacaccatcggggtececccgecgatategtgate
aagcgctcgaaagcecgttgecctcectegacgaaccggggggtteccactgettcagaacceg
ggtcgggatcgcactgcgaaagagttgtggecgactegteggecgtatcgatcecggetece
gataccgccaagggtggacgcgcgcggcatcgggcagecgaggeggtgggtgegaaatga
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Figure 10 G (i)

>RplG_PAM1593 (SEQ ID NO 65):
ATGAGACTGTCCCAACGGCTCGAGGCCGTGCGCGGAGCCGCACCCGTCGAAGCCGLCCGLCA
CCGATCCCGCCGGGEGAAGCAGGGGAAGGCGAAAACGTCCCTCCCTCCGGCCGACGLCTCTC
GCCGAACTGAAGGACCGTGCGAGTGCGGCCCTGTACACCCGGATCGGCACCCGCTTCAAC
GACTCCTCGTTGAGCGAGGAGCAACTGCATCTCCTGGTCCGTGAGGAACTGGCCGARATC
GTGGAGCAAGAGACGACGCCACTCACCTTCGACGAACGGCAGCGCCTGCTCCETGAGGTT
GCCGACGAGGTACTGGGGCACGGACCGCTCCAGCGGCTACTGGAGGACCCGTCGGTCACC
GAGATCATGGTCAACAGCCACGACATGGTCTACGTCGAGCGGGACGGCACCCTCGTCCGL
AGCTCCGCGCGATTCGCGGACGAGGCGCACCTGCGTCGCGTGATCGAACGCATCGTTTCC
GCCGTCGGTCGACGGATCGACGAATCGTCCCCGCTCGTGGATGCACGCTTGGCGGATGGC
TCCCGTGTCAACGCGGTGATCCCACCGCTCGCATTCAACGGCTCCTCGCTCACCATTCGA
AAGTTCTCGAAAGATCCGTTCCAGGTCGACGATCTCATCGCCTTCGGCACTCTCTCGCAC
GAGATGGCCGAACTGCTCGACGLCGTGTGTGCAGGCGCGACTGAACGTCATCGTCTCGGGC
GGCACGGGCACGGGGAAGACGACGCTGCTCAACGTGCTCTCGTCGTTCATTCCGGAAGGG
GAGCGGATCGTCACCATCGAGGACGCCGTGGAACTGCAACTTCAGCAGGACCACGTCGTA
CGGTTGGAGAGCCGACCGCCGAACATCGAGGGCAAGGGTGCCGTCACCATCCGCGACCTG
GTGCGGAACTCGCTGCGTATGCGTCCCGACCGCATCGTGGTGGGGGAGTGTCGCGGAGGC
GAGAGTCTCGACATGCTGCAAGCGATGAACACCGGTCACGACGGGTCGCTGTCGACGGTG
CATGCGAATTCGCCCCGTGACGCCATCGCGCGCTTGGAGACGCTCGTGTTGATGGCGGGC
ATGGACTTGCCGTTGCGGGCGATCCGGGAGCAGATTGCTTCGGCGGTCGACGTGATCGTG
CAGCTCACTCGACTACGTGACGGCACTCGGCGAGTGACCCACGTGACCGAGGTCCAGGGL
ATGGAGGGTGAGATCGTCACACTGCAGGATGCCTTCCTGTTCGACTACAGCGCCGGCGTC
GACGCGCGCGGGCGATTCCTCGGCAGACCGCAGCCGACGGGAGTGCGEGCCGELCGETTCACT
GACAAATTCCGAGATCTCGGTATTGCTTTGTCGCCGAGTGTTTTCGGGGTGGGAGAACCC
TCCCGGGGGCGGGCATGA
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Figure 10 G (ii)

>RplG_PAM1571 (SEQ ID NO 66):
ATGAGACTGTCCCAACGGCTCGAGGCCGTGCGCGGAGCCGCACCCGTCGAAGCCGLCCGCA
CCGATCCCGCCGGGGAAGCAGGGGAAGGCGAAGACGTCCCTCCCTCCGGCCGACGCTCTC
GCCGAACTGAAGGACCGTGCGAGTGCGGCCCTGTACACCCGGATCGGCACCCGCTTCAAC
GACTCCTCGTTGAGCGAGGAGCAACTGCATCTCCTGGTCCGTGAGGAACTGGCCGAGATC
GTGGAGCAGGAGACGACGCCACTCACCTTCGACGAGCGGCAGCGCCTGCTCCGTGAGGTC
GCCGACGAGGTACTGGGGCACGGACCGCTTCAGCGGCTACTGGAGGACCCGTCGGTCACC
GAGATCATGGTCAACAGCCACGACATGGTCTACGTCGAGCGGGACGGCACCCTCGTTCGC
AGCTCCGCGCGATTCGCGGACGAGGCGCACCTGCGCCGCGETGATCGAACGCATCGTTTCC
GCCGTCGGTCGACGGATCGACGAATCGTCCCCGCTCGTGGATGCACGCTTGGCGGACGGT
TCCCGTGTCAACGCGGTGATCCCACCGCTCGCATTCAACGGCTCCTCGCTCACCATTCGA
AAGTTCTCGAAAGATCCGTTCCAGGTCGACGATCTCATCGCCTTCGGCACTCTCTCGCAC
GAGATGGCCGAACTGCTCGACGCGTGTGTGCAGGCGCGACTGAACGTCATCGTCTCGGGC
GGCACGGGCACGGGGAAGACGACGCTGCTCAACGTGCTCTCGTCGTTCATTCCGGAAGGG
GAGCGGATCGTCACCATCGAGGACGCCGTGGAACTGCAACTTCAGCAGGACCACGTCGTA
CGGTTGGAGAGCCGACCGCCGAACATCGAGGGCAAGGGCGCCGTCACCATCCGTGACCTG
GTGCGGAACTCGCTGCGTATGCGTCCTGACCGCATCGTGGTGGGGGAGTGTCGCGGAGGT
GAGAGTCTCGACATGCTGCAAGCGATGAACACCGGTCACGACGGGTCGCTGTCGACGGTG
CATGCGAATTCGCCCCGTGACGCCATCGCGCGCTTGGAGACGCTCGTGTTGATGGCGGGC
ATGGACCTGCCGTTGCGGGCGATCCGGGAGCAGATTGCTTCGGCGGTCGACGTGATCGTG
CAGCTCACTCGACTACGTGACGGCACTCGGCGAGTGACCCACGTGACCGAGGTCCAGGGC
ATGGAGGGTGAGATCGTCACCCTGCAGGATGCCTTCCTGTTCGACTACAGCGCCGGCGTC
GACGCGCGCGGGCGATTCCTCGGCAGACCGCAGCCGACCGGAGTGCGGCCGCGGTTCACC
GACAAATTCCGAGATCTCGGTATTGCTTTGTCGCCGAGTGTTTTCGGGGTGGGAGAACCC
TCCCGGGGGCGGGCATGA
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Figure 10 G (iii)

>RplG_ATCC33707 (SEQ ID NO 67):
atgagactgtcccaacggctcgaggcecgtgecgcggageccgecacccgtecgaageggeegea
ccgatccecgecggggaagcaggggaaggecgaagacgteccteceoctecggecgacgetete
gccgaactgaaggaccgtgecgagtgeggecctgtacaccecggatcggecaccegettcaac
gactcctcecgttgagcgaggagcaactgecatcectectggtecgtgaggaactggececgaaatce
gtggagcaagagacgacgccactcaccttcgacgaacggcagegectgecteegtgaggte
gccgacgaggtactggggcacggaccgcectccagcggctactggaggaccegtecggteace
gagatcatggtcaacagccacgacatggtctacgtcgagcgggacggcaccctegtecge
agctccecgcgcgattcgecggacgaggegcacctgecgtegegtgatecgaacgcategtttec
gccgteggtegacggatcecgacgaatecgteccegetegtggatgecacgettggeggatgge
tccegtgtcaacgeggtgatecccaccgctegecattcaacggetectegectcaccattega
aagttctcgaaagatccgttccaggtcgacgatctcatecgectteggecactetectecgeac
gagatggccgaactgctcgacgegtgtgtgcaggecgecgactgaacgtcatecgtectecggac
ggcacgggcacggggaagacgacgctgctcaacgtgetctegtegttcattcececggaaggyg
gagcggatcgtcaccatcgaggacgccegtggaactgecaacttcagcaggaccacgtegta
cggttggagagccgaccgccgaacatcgagggcaagggecgecgtcaccateecgegaccetyg
gtgcggaactcgetgcgtatgegtcecccgaccgecategtggtgggggagtgtcgeggaggc
gagagtctcgacatgctgcaagcgatgaacaccggtcacgacgggtegetgtcegacggtyg
catgcgaattcgceccccegtgacgecatcegegcgettggagacgectegtgttgatggegggc
atggacctgceccgttgegggegatcecgggagcagattgettcggeggtcgacgtgategtg
cagctcactcgactacgtgacggcactcggcgagtgacccacgtgacecgaggtceccagggc
atggagggtgagatcgtcaccctgecaggatgecttectgttcgactacagegeecggegte
gacgcgcecgcegggcegattecteggcagaccgcagecgaccggagtgeggecgeggtteace
gacaaattccgagatcteggtattgectttgtecgecgagtgttttcggggtgggagaaccc
tcccgggggcgggeatga
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Figure 10 H (i)

>RplH_PAM1593 (SEQ ID NO 68):
ATGAGTCGGTGCGTGGTGGCCGTCGTGCTCGCCCTCGGTGCGGGTGTTCTGGGAATTCCT
GCCGTAGCCGCGGCGCCNNNGGAGGCTGTCCAGGTCTCGGCGGTCGACACGACCCGGTTT
CCCGACATCGAGGTGTCCATCCTCGCGCCGCCCGGTATCGAAGGGCAGGCGATCGATCCG
GGAACGTTCGCGCTCACCGAGGGCGGCGTGCCGCGAGAGATCGAGGTCAGGCAGCAGCCG
GGTTCCGAGCAGGACATCGTGCTCGCAATCGACGTGTCCGGGGGCATGTCGGGTCCGGLG
CTGGACGACGTGAAGCGCGCCGCATCGGATTTCGTGCGGCAGGCGCCGACCGGCGCCCAC
ATCGGAATCGTCGCGATCTCGTCGACGCCACAGGTGCTCTCGGAACTGACGACGGACTCC
GAGGACCTGCTCCGCAGGATCGACGGACTGAAGGCGGGCGGCAACAGCGCGATCGCAGAT
TCGGTGGTGACCGCCGCCGAGATGCTCGAGCGCGGCGAAGCGGCCAACAACATCCTGCTT
CTGTTGACGGACGGCGCCGACACGTCGAGTGCACACTCGATGTCGGAACTCCCGTCCGTC
CTGAGTCGGTCGCGCGCGTCGCTGTACGCCGTGCAGATGTCGACACCCGAGACGAACTCT
GCTCTCCTGCAGCAGGTTGCGCGGGAGTCGCGCGGTCAGTACGCGTCTGCGGGTGATACG
GCGGCGCTGGGTGCGATCTACCAGTCGGCCGCTCGCGCGCTCGGAAACCTGTACGTCGTC
CGATACCGATCGGAAGCGAACGGCGATACCCAGGTGGTGGCGAGCGTGCGCAGCGGLCGCA
GCCGGCCGAGTGAGCGATCCGTTCCCGGTGACATTGCCCGGTGTGGTGCCGACGCCGAGC
GTCGTCGCCGGGACCGTCGACGGTTTCTTCACGTCTTCGACGEGGCTGGTGATCGGEGCTC
CTAGCGTGCTACTCGGCGCTTGCGGGAGGCGTGCTGGCGGTCGCCGGTAGAGCGCCCGLG
AGGATTTCGGCAGCACGTCGTGGGCGGCAGGACGGACGGGACTCGATGCTGTCCCGATTC
GCGGAACGGCTGGTGCAGTGGATCGATCAGAACCTGAGGAGACGCGGACGCATCGCTGCC
CGCACCCAGGCGCTACAGGAGGCGGGGCTGAAGCTTCGTCCAGGTGACTTCATCGCCCTG
GTCGGTGCTGCGGCGATCACCGCTGCGGCGATCGGTCTCCTGGCTTCGGGCATCGTGGCG
GCGCTCTTGCTCGCGGCGATCACAGTGGGATTGTCGAGAATCTATCTCCGTGTGATGGCC
GGTAGGCGTCGGGCCGCGTTCGCTGATCAGCTCGACGATTCCCTGCAGCTGCTGGCCAGC
AATCTCCGAGCCGGGCACAGCATGCTCCGAGCGCTCGATTCCCTTTCCCGAGAGGCGGAG
GTGCCGACTTCGGAGGAGTTCGCTCGGATCGTCAACGAGACTCGGGTGGGACGTGATCTC
AACGAGGCTCTCGACGACGTGGCCCGGCGGATGCGAAGTGACGATTTCAACTGGATAGCT
CAGGCGATCGCCATCAACCGTGAGGTCGGAGGCGACCTCGCGGAAGTCCTCGACCAGGTG
GGCAACACCATTCGAGAGCGAAATCAGATTCGACGGCAGGTGAAAGCCCTTGCTGCCGAG
GGGAAACTGTCCGCCTACGTGCTGATGGCGCTGCCCTTCGGTCTCACCGCATTTCTGCTC
GTCTCGAATCCGGACTACCTGTCGAAGTTGACGGGTAGCGCCATCGGCTACGTGATGATC
GCGGTGGGGCTCGTCATGCTGACCGTCGGTGGGCTGTGGATGAACAAGGTTGTCTCGGTC
AAGTTCTAG
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Figure 10 H (ii)

>RplH_PAM1571_N (SEQ ID NO 69):
ATGAGTCGGTGCGTGGTGGCCGTCGTGCTCGCCCTCGETGCGGEGTGTTCTGGGAATTCCT
GCCGTAGCCGCGGCGGCCGAGACGGAGGCTGTCCAGGTCTCGGCGGTCGACACGACCCGG
TTTCCCGACATCGAGGTGTCCATCCTCGCECCGCCCGGTATCGAAGGGCAGGCGATCGAT
CCGGGAACGTTCGCGCTCACCGAGGGAGGCGTGCCGCGAGAGATCGAGGTCAGGCAGCAG
CCGGGTTCCGAGCAGGACATCGTGCTCGCAATCGACGTGTCCGGGGGCATGTCGGGTCCG
GCGCTGGACGACGTGAAGCGCGCCGCATCGGATTTCGTACGGCAGGCGCCGACCGGCGLC
CACATCGGAATCGTCGCGATCTCGTCGACGCCACAGGTGCTCTCGGAACTGACGACGGAC
TCCGAGGACCTGCTCCGCAGGATCGACGGACTGAAGGCGGGCGGCAACAGCGCGATCGCA
GATTCGGTGGTGACCGCCGCCGAGATGCTCGAGCGCGGCGAAGCGGCCAACAACATCCTG
CTTCTGTTGACGGACGGCGCCGACACGTCGAGTGCACACTCGATGTCGGAACTCCCGTCC
GTCCTGAGTCGGTCGCGCGCGTCGCTGTACGCCGTGCAGATGTCGACACCCGAGACGAAL
TCTGCTCTCCTGCAGCAGGTTGCGCGGGAGTCGCGCGGTCAGTACGCGTCTGCEGGTGAT
ACGGCGGCGCTGGGTGCGATCTACCAGTCGGCCGCTCGCGCGCTCGGAAACCTGTACGTC
GTCCGATACCGATCGGAAGCGAACGGCGATACCCAGGTGGTGGCGAGCGTGCGCAGCGGC
GCAGCCGGCCGAGTGAGCGATCCGTTCCCGGTGACATTGCCCGGTGTGGTGCCGACGCCG
AGCGTCGTCGCCGGGACCGTCGACGETTTCTTCACGTCTTCGACGGGGCTGGTGATCGGG
CTCCTAGCGTGCTACTCGGCGCTTGCGGGANNNNNNC tggcggtcgcecggtagagggecc
gcgaggattteggecagcacgtegtgggeggcaggacggacgggactegatgetgteecga
ttcgcggaacggcectggtgcagtggatcgatcagaacctgaggagacgcggacgcateget
gccegcecacccaggcgctacaggaggcggggctgaagettecgtecaggtgacttcatcgece
ctggtcggtgctgecggegatcacegetgeggecgateggtctectggettegggecategtyg
gcggcgctettgctecgeggegatcacagtgggattgtcgagaatctatctecgggtgatg
gcecggtaggegtegggecgegttegetgatcagetegacgattecctgecagetgetggec
agcaatctccgagccgggcacagecatgcectcecgagegetecgatteccttteccecgggaggeg
gaggtgccgacttecggaggagttcgeteggatecgtecaacgagactcgggtgggacgtgat
ctcaacgagtctctcgacgacgtggeccggcggatgcgaagtgacgatttcaactggata
gctcaggcgatcgccatcaaccgtgaggtcggaggecgacctecgeggaagtectegaccag
gtgggcaacaccattcgagagcgaaatcagattcgacggcaggtgaaageccttgetgec
gaggggaaactgtccgectacgtgctgatggcgctgccctteggtectcacegecatttetg
ctcgtctcgaatceccggactacctgtcgaagttgacgggtagegecatecggctacgtgatyg
atcgeggtggggctegtecatgectgaccgtecggtgggetgtggatgaacaaggttgtcecteg
gtcaagttctag
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Figure 10 H (iii)

>RplH_ATCC33707 (SEQ ID NO 70):
atgagtcggtgcgtggtggecegtegtgetegeecteggtgegggtgttectgggaattecet
gccgtagceecgcggeggccgagacggaggectgtecaggtectecggecggtcgacacgacccgg
tttcecgacatcgaggtgtecatectegegecgeccggtatcgaagggcaggegategat
ccgggaacgttcgecgectcaccgagggaggcgtgeccgegagagatcgaggtcaggcageag
ccgggttccgagcaggacatcecgtgectecgcaatcgacgtgtecgggggcatgtegggtecyg
gcgctggacgacgtgaagcgegcecgcatecggatttegtgeggcaggegecgaccggcgec
cacatcggaatcgtcecgcgatctecgtcgacgeccacaggtgctectcggaactgacgacggac
tccgaggacctgectcecgcaggatcgacggactgaaggcgggcggcaacagecgegategea
gattcggtggtgaccgccgecgagatgectcgagcgcggcgaagecggecaacaacatectyg
cttctgttgacggacggegecgacacgtcgagtgecacactegatgteggaactececgtece
gtcctgagtcggtecgegcecgegtecgetgtacgecgtgcagatgtcgacgeccgagacgaac
tctgctctcecctgecagcaggttgecgecgggagtcecgegeggtcagtacgegtectgegggtgat
acggcggcgctgggtgcgatctaccagtcecggecgctegegegectcggaaacctgtacgte
gtccgataccgatecggaagcgaacggcecgatacccaggtggtggcgagegtgecgecageggce
gcagccggecgagtgagcgatececgtteceggtgacattgececggtgtggtgecgacgecg
agcgtegtegercgggacegtegacggtttettecacgtecttecgacggggectggtgatecggg
ctcctagcecgtgctactecggecgettgegggaggcgtgctggeggtecgecggtagagecgece
gcgaggatttcggecagcacgtecgtgggcggcaggacggacgggactecgatgetgtcececga
ttcgcggaacggectggtgcagtggatcgatcagaacctgaggagacgcggacgecatecget
gcccgaacccaggcgcectacaggaggcecggggcectgaagettecgteccaggtgacttcatecgece
ctggtcggtgctgcggcgatcaccgetgeggegatecggtctectggettegggcategtyg
gcggcegetettgetegeggegatcacagtgggattgtcgagaatctatcteegtgtgatg
gccggtaggcegtegggecgegttegetgatcagectcgacgattteectgecagetgetggec
agcaatctccgagccgggcacagcatgcteccgagecgctegattceccttteccecgagaggeg
gaggtgccgacttcggaggagttcgctecggatcgtcaacgagactegggtgggacgtgat
ctcaacgagtctectecgacgacgtggcccggcggatgcgaagtgacgatttcaactggata
gctcaggcgatcecgccatcaaccgtgaggtecggaggecgacctegeggaagtectcgaccag
gtcggcaacaccattcgagagcgaaatcagattcgacggcaggtgaaagecettgetgec
gaggggaaactgtccgectacgtgectgatggegetgecctteggtetcaccgecatttcetg
ctecgtctecgaatceccggactacctgtcgaagttgacgggtagecgccatcggctacgtgatyg
atcgcggtggggcectecgtcatgectgaccgteggtgggetgtggatgaacaaggttgteteg
gtcaagttctag
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Figure 101 (i)

>RplI_PAM1571 (SEQ ID NO 71):
GTGATTCCACCGCTGGTGCTCATGGCGGCGCTGTCCGTCGGCGGGGCGTTGGGTGTTCTG
GTGTGGCTTGACGGCCGGCGCCCGAGATCCAGAACGCGGACCCGCCCTTCAGAACCTGCAG
TCGCAGCTGGCGTTGCCGATTCCGGAGTCGGGAGGCGCGCCACCGCTTTCGCTCGGCLCGA
TTCGTGAAGCTGCTGTCGCCGCCCGGGACGATGGCCCGCTTGGAACGACTGCACATCCTT
GCCGGTCGTCCAGCGGCCTGGGTTCCGGAACGGGCCGCGATGGCGAAGATCGTTCTCGCC
GCGGCCGCCGCCCTGCTCGGCCTTCTCGCGGTGGGTGCGTCGCCTGGCGTCGGCCGGGTG
CTGTTCGCTCCGGCCGCCGTCGCGCTGGCGTATTTCGTCCCGGAACTTCTCCTGCAGAGC
AGGGGGCAGGAGCGCCAAGCCGCGATCGAACTGGCGCTTGCCGACACCCTCGACCAGATG
ACGATCGCAGTCGAGGCGGGCCTGGGGTTCGAAGCCGCCATGCAGCGGGCCGCGAAGAAC
GGAAAGGGGCCGCTGGCCGAGGAATTCATCCGGACATTGCAGGACATACAGATGGGGCAG
TCGAGGCGAATCGCGTACCTGGATCTTGCCGCCAGAACGAAAGCACCCAACTTGCGGAGG
TTCCTTCGGGCCGTCATCCAAGCCGACGAGTACGGCGTGGCCATCGCCGAGGTCCTGCGG
ACCCAGGCCTCGGAGATGCGTCTGRAAACGCCGTCAGAGTGCTGAGGAGAAGGCGATGAAG
GTTCCGGTGAAGGTGCTGTTTCCGTTGATGACCTGCATCCTGCCGACCATCTTCATCGTG
ATCCTGGGTCCGGCGGTGATCAACATGATGGAGGTCTTGGGCGGTATGTAA

>RplI_PAM1953 (SEQ ID NO 72):
GTGATTCCACCGCTGGTGCTCATGGCGGCGCTGTCCGTCGGCGGGGCGTTGGGTGTTCTG
GTGTGGTTGACGGCCGGCGCCCGAGATCCGGAACGCGGACCCGCCCTTCAGAACCTCCAG
TCGCAGCTGGCGCTGCCGATTCCGGAGTCGGGAGGCGCGCCACCGATTTCGCTCGGCCGA
TTCGTGAAGCTGCTGTCGCCACCCGGGACGATGGCCCGGTTGGAACGACTGCACATCCTT
GCCGGTCGTCCAGCGGCGTGGGTTCCGGAACGGGCCGCGATGGCGAAGATCGTTCTCGCC
GCGGCCGCCGCCCTGCTCGGCCTTCTCGCGGCGGGTGLGTCGCCTGGCGTCGGCCGGGETG
CTGTTCGCTGCGGCCGCCGTCGCGCTGGCGTATTTCGTCCCGGAACTTCTCCTGCAGAGL
AGGGTGCAGGAGCGCCAAGCCGCGATCGAACTGGCGCTTGCCGACACCCTCGACCAGATG
ACGATCGCAGTCGAGGCGGGCCTGGGGTTCGAAGCCGCAATGCAGCGGGCCGCGAAGAAC
GGAAAGGGGCCGCTGGCCGAGGAATTCATCCGGACATTGCAGGACATACAGATGGGGCAG
TCGAGGCGAATCGCGTACCTGGATCTTGCCGCCAGAACGARAGCACCGAACTTGCGGAGG
TTCCTTCGGGCCGTCATCCAAGCCGACGAGTACGGCGTGGCCATCGCCGAGGTTTTGCGG
ACCCAGGCCTCGGAGATGCGTCTGAAACGCCGTCAGAGTGCTGAGGAGAAGGCGATGAAG
GTTCCGGTGAAGGTGCTGTTTCCATTGATGACCTGCATCCTGCCGACCATCTTCATCGTG
ATCCTGGGTCCGGCGGTGATCAACATGATGGAGGTCCTGGGCGGTATGTAA
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Figure 10 I (ii)

>RplI_ATCC33707 (SEQ ID NO 73):
gtgattccaccgetggtgctegtggeggegetgteegteggeggggegttgggbtgttetyg
gtgtggttgacggeccggcgecccgagatecggaacgeggaccegeccttcagaacctecag
tcgcagetggegttgecgattececggtgtecgggaggegegceccacegetttegetecggeecga
ttcgtgaagctgctgtcgeccgececcgggacgatggeccgecttggaacgactgcacatectt
gccggtegtccagecggegtgggttecggaacgggecgegatggecgaagategtcectegee
gcggccgcecgeectgetecggecttectegeggtgggtgegtegectggecgtecggecgggtyg
ctgttcgctgecggecgeecgtegegetggegtatttecgtoccggaacttctectgecagage
agggggcaggagcgccaagcecgcgatcgaactggcgettgecgacaccectegaccagatg
acgatcgcagtcgaggcgggcectggggt tcgaageccgecatgcagecgggecgcgaagaac
ggaaaggggccgcectggccgaggaattcateceggacattgcaggacatacagatggggecag
tcgaggcgaatcgcgtacctggatcttgecgecagaacgaaagcacccaacttgeggagg
ttccttecgggccgtecatccaageccgacgagtacggecgtggccatcgecgaggtecctgegyg
acccaggcctcggagatgcgtctgaaacgccgtcagagtgctgaggagaaggcgatgaag
gttcecggtgaaggtgetgtttecgttgatgacctgecatcectgecgaccatettcategtyg
atcctgggtecggeggtgatcaacatgatggaggtettgggeggtatgtaa
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IMMUNE SYSTEM MODULATING
COMPOSITION

FIELD OF THE INVENTION

[0001] The present invention relates to polypeptides
encoded by Rrodococcus (Corynebacterium) equi (R. equi),
compositions including such polypeptides (Rpl) and antibod-
ies to such polypeptides, which can be useful in the treatment
of animals, specifically horses and foals, to minimise infec-
tion of animals, by R. equi. The invention further relates to
methods of detection of R. equi using polypeptides (Rpl),
antibodies with binding specificity to said polypeptides or
nucleic acids or the like with binding specificity to nucleic
acids encoding such polypeptides using, for example, PCR.

BACKGROUND TO THE INVENTION

[0002] Rhodococcus equi is a Gram-positive, facultative
intracellular coccobacillus classified in the order of Acitno-
mycetales. It is primarily a soil organism. It has been recog-
nised as a positive agent of a debilitating and potentially fatal
bronchopneumonia affecting foals worldwide. R. equi is con-
sidered to be one of the most significant pathogens in the
equine breeding industry.

[0003] The successful early diagnosis and treatment of
Rhodococcus equi in foals and management of the foals envi-
ronment to reduce the risk of contracting the disease are,
arguably, among the most challenging experiences currently
facing equine stud farms. Presently the treatment of R. equi
disease is by the prolonged administration of a combination
of antimicrobials, macrolides, i.e. erythromycin, azithromy-
cin or clarithromycin, and rifampicin. However, as this
therapy risks antibiotic resistance and adverse drug reactions
in the foal and the dam, improved means of therapy and
prophylactic treatment are required.

[0004] R. equican also affect non-equine species. In pigs R.
equi is associated with granulomatous lymphadenitis of cer-
vical lymphatic tissue and in man R. equi can cause cavitary
pneumonia, predominantly in immunocompromised indi-
viduals especially those with acquired immune deficiency
syndrome (AIDS). As a consequence of the AIDS pandemic,
R. equi pneumonia has become a disease of increasing sig-
nificance in human medicine. R. equi infections have also
been described in cattle, sheep, goats, lama, cats and dogs, but
disease in these species is rare with lesions confined to lymph
node abscessation or wound infection.

[0005] Infectionby R. equi relies on the ability of R. equito
colonise the airways and replicate inside macrophages which
is dependent on its capacity to interfere with endosomal
maturation following phagocytosis and to prevent acidifica-
tion of the vacuole in which it resides. Eventually, intracellu-
lar proliferation of the pathogen leads to the necrotic death of
the marcophages accompanied by massive damage to lung
tissue characterised by cavitation and granuloma formation.
[0006] Studies of the virulent strains of R. equi have deter-
mined that such strains possess an extra chromosomal DNA
element known as a plasmid, which is associated with viru-
lence. Plasmids isolated from regular strains infecting foals
have been proposed to include a region that represents a
pathogenicity island, which is a DNA fragment containing
genes required for virulence. The pathogenicity island iden-
tified contains a family of nine virulence associated protein
(Vap) chains (VapA-VapC-Vap-I, pseudo-VapE). Killed/in-
activated R. equi organisms do not illicit protective immunity,
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and there is no consistent evidence that protein or DNA vac-
cines, based on the highly immunogenic VapA surface anti-
gen, are efficacious in producing protection against a Rhodo-
coccal pneumonia in foals. In view of the lack of an
efficacious vaccine, R. equi infection is a major cause of
mortality in young foals and the heavy economic losses
incurred due to R. equi has a major economic impact in
countries where thoroughbred racing and breeding is impor-
tant (USA, Australia, Ireland, Argentina, UK, France, Spain,
Germany, Austria, Japan etc.). There is a need for treatment
regimes and a vaccine to be developed which can be used to
control R. equi on farms, in particular stud farms.

SUMMARY OF THE INVENTION

[0007] The inventors have determined a novel diagnostic
marker and vaccine candidate for Rhodococcus equiin horses
and other susceptible species and treatment means. Specifi-
cally, the inventors have identified a rpl pathogenicity island
that differs from the yap pathogenicity island and the inven-
tors have determined the rpl pathogenicity island, in particu-
lar RplB, encodes a major adhesion factor of R. equi which
enables host colonisation. The proteins (Rpl) encoded by the
rpl pathogenicity island are considered to be major immun-
odominant antigens. The inventors have further determined
that the rpl pathogenicity island is absent from non-patho-
genic Rhodococcus species. These findings allow the use of
probes to proteins or nucleic acid of the rpl pathogenicity
island and antibodies with binding specificity to the proteins
encoded by the rpl pathogenicity island in methods of detec-
tion of R. equi. Further, it enables the use of nucleic acids
encoding proteins or proteins of the rpl pathogenicity island
as immune system modulators, in particular to provoke a
protective immune response to subsequent antigen challenge
in an animal.

[0008] Accordingly, a first aspect of the invention provides
at least one immunogenic R. equi polypeptide having an
amino acid sequence, encoded by a polynucleotide sequence
comprising a polynucleotide sequence of a gene selected
from a gene as listed at table one, or a fragment, derivative or
variant of such a polypeptide.

TABLE ONE
Proposed
function of SEQ
pl encoded Position in R. equi D
locus Identifier protein 1038 NO

Position 1938280-1939068 1
(complement) in

103S genome

Position 1939395-1939601 2

plA REQ__18350 Prepilin
peptidase

!B REQ__18360 Pilin subunit

in 1038
genome
plC  REQ_18370 Minor pilin Position 3
protein 1939683.-1940084
in 1038
genome
plD  REQ__18380 Putative Position 1940093-1941037 4
lipoprotein 1940084

in 103S genome
plE REQ__18390 Pilus assembly Position 1941047-1941784 5

protein in 1038
genome
plF REQ__18400 Pilus assembly Position 1941781-1942980 6
ATPase in 1038
genome
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TABLE ONE-continued

Proposed

function of SEQ
pl encoded Position in R. equi D
locus Identifier protein 1038 NO
plG  REQ_18410 Secretion Position 1942977-1944374 7

apparatus in 1038

ATPsae genome
mplH REQ_18420 Secretion Position 1944371-1946239 8

apparatus in 1038

integral genome

membrane

protein
mpll  REQ_18430 Secretion Position 1946262-1947152 9

apparatus in 1038

integral genome

membrane

protein

[0009] Inembodiments ofthe invention, the polypeptide or
derivative or variant or fragment thereof can be encoded by a
polynucleotide sequence comprising a polynucleotide
sequence of a gene as listed in Table 2

TABLE TWO
Proposed
function of SEQ
pl encoded Position in R. equi D
locus Identifier protein 1038 NO

Position 1938280-1939068 1
(complement) in

103S genome

Position 1939395-1939601 2

plA REQ_18350 Prepilin
peptidase

!B REQ_18360 Pilin subunit

in 1038
genome
plC  REQ_18370 Minor pilin Position 3
protein 1939683.-1940084
in 1038
genome
plD  REQ_18380 Putative Position 1940093-1941037 4
lipoprotein 1940084

in 103S genome
plE REQ_18390 Pilus assembly Position 1941047-1941784 5

protein in 1038
genome
plH REQ_18420 Secretion Position 1944371-1946239 8
apparatus in 1038
integral genome
membrane
protein
mpll  REQ_18430 Secretion Position 1946262-1947152 9
apparatus in 1038
integral genome
membrane
protein

[0010] In particular embodiments the polypeptide or a
derivative or variant or fragment thereof can be encoded by a
polynucleotide sequence comprising a polynucleotide
sequence of a gene selected from rplB (SEQ ID NO 2), rplC
(SEQ ID NO 3), or rplD (SEQ ID NO 4). In an alternative
embodiment, the polypeptide or a derivative can be encoded
by a polynucleotide sequence comprising a polynucleotide
sequence of a gene selected from rpIB (SEQ ID NO 2), rplA
(SEQ ID NO 1) or rplE (SEQ ID NO 5).

[0011] Inembodiments ofthe invention, the polypeptide or
a derivative or fragment thereof is encoded by a polynucle-
otide sequence comprising a polynucleotide sequence of a
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gene selected from the list of genes of Table 1, more prefer-
ably selected from the list of genes of Table 2.

[0012] Inembodiments ofthe invention, the polypeptide or
a derivative or fragment or variant thereof is encoded by a
polynucleotide sequence consisting essentially of or consist-
ing of a polynucleotide sequence of a gene selected from the
list of genes of Table 1, more preferably selected from the list
of genes of Table 2.

[0013] In embodiments, the polypeptide is encoded by a
polynucleotide sequence comprising the polynucleotide
sequence of a gene encoding Rpl pilin ATGAACCTCTTCT-
TCGCGAACCTGTACCTCATGGGCTTAGACGTCAA
GGACCGTCTGACCCGTGACGACCGCG-
GCGCCACTGCGGTCGAGTAC GGACTGATGGTCGC-
CGGCATCGCGATGGTGATCATTGTTGCGGTTTT
CGCCTTCGGCGATAAGATTACCGAC-
CTCTTCGATGGCTTCAACTTCG ACGATCCCGGCG-
GCGAGTAG (SEQ ID NO 2).

[0014] In embodiments, the polypeptide is encoded by a
polynucleotide sequence consisting essentially of or consist-
ing of the polynucleotide sequence of a gene encoding Rpl
pilin ATGAACCTCTTCTTCGCGAACCTGTAC-
CTCATGGGCTTAGACGTCAA GGACCGTCTGAC-
CCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC
GGACTGATGGTCGCCGGCATCGCGATG-
GTGATCATTGTTGCGGTTTT CGCCTTCGGCGATAA-
GATTACCGACCTCTTCGATGGCTTCAACTTCG
ACGATCCCGGCGGCGAGTAG (SEQ ID NO 2).

[0015] In embodiments, the polypeptide is encoded by a
polynucleotide sequence comprising a fragment of the poly-
nucleotide sequence of a gene encoding Rpl pilin ATGAAC-
CTCTTCTTCGCGAACCTGTACCT-
CATGGGCTTAGACGTCAA
GGACCGTCTGACCCGTGACGACCGCG-
GCGCCACTGCGGTCGAGTAC GGACTGATGGTCGC-
CGGCATCGCGATGGTGATCATTGTTGCGGTTTT
CGCCTTCGGCGATAAGATTACCGAC-
CTCTTCGATGGCTTCAACTTCG ACGATCCCGGCG-
GCGAGTAG (SEQ ID NO 2)

[0016] wherein the polypeptide encoded by the fragment is
a biologically active immunogenic fragment of a polypeptide
encoded by the polynucleotide sequence comprising the
polynucleotide sequence of the gene encoding Rpl pilin
ATGAACCTCTTCTTCGCGAACCTGTAC-
CTCATGGGCTTAGACGTCAA GGACCGTCTGAC-
CCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC
GGACTGATGGTCGCCGGCATCGCGATG-
GTGATCATTGTTGCGGTTTT CGCCTTCGGCGATAA-
GATTACCGACCTCTTCGATGGCTTCAACTTCG
ACGATCCCGGCGGCGAGTAG (SEQ ID NO 2).

[0017] Inembodiments, a derivative or fragment or variant
can be an immunogenic derivative or fragment or variant that
can provide an immune response in which antibodies with
binding specificity to at least one of SEQ IDNO 1, 2,3,4, 5,
6, 7, 8, and 9 are generated for example antibodies cross-
reactive to the biologically active immunogenic fragment and
at least one of SEQIDNO 1, 2,3,4,5,6,7,8 and 9.

[0018] In particular embodiments such fragments, deriva-
tives or variants can functionally provide a pilus in R. equi.
Such derivatives, fragments or variants can be biologically
active derivatives, fragments or variants.

[0019] In embodiments the Rpl pilin polypeptide (RplB)
can comprise an amino acid sequence MNLFFAN-
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LYLMGLDVKDRLTRDDRGATAVEY GLM-
VAGIAMVIIVAVFAFG DKITDLFDGFNFDDPGGE (SEQ
ID NO 10).

[0020] Inembodiments, a polypeptide of the invention can
consist of an amino acid sequence MNLFFANLYLMGLD-
VKDRLTRDDRGATAVEY GLMVAGIAMVIIVAVFAFG
DKITDLFDGFNFDDPGGE (SEQ ID NO 10).

[0021] In embodiments a polypeptide of the invention can
comprise DKITDLFDGFNFDDPGGE (SEQ ID NO 11) or
can be a variant thereof wherein such variant has at least 1, at
least 2, at least 3, at least 4, at least 5, at least 6, at least 7, at
least 8, at least 9, at least 10 amino acids different to that of
SEQ ID NO 11. Substituted amino acids may suitably be
conservative or non conservative amino acids. Alternatively,
the variant may include insertions or deletions. Suitably, in
embodiments a variant can demonstrate analogous biological
function as a RpIB pilin subunit or SEQ ID NO 11. In embodi-
ments, a conserved variant may be provided by amino acid
sequences comprising DKITDLFDGFNFDDPGGE (SEQ
ID NO 11) wherein amino acids as shown are replaced by
amino acids which are structurally conservative. For
example, an aliphatic amino acid (alanine, serine, valine,
leucine, isoleucine or the like) can be substituted with another
suitable aliphatic amino acid, a hydrophobic amino acid (ty-
rosine, phenylalanine, tryptophan) can be substituted by
another hydrophobic amino acid or a charged amino acid can
be substituted by another charged amino acid. In such con-
served variants, additional amino acids may be substituted.
[0022] In embodiments a polypeptide of the invention can
comprise the amino acid sequence DKITDLFDGFNFD-
DPGGE (SEQ ID NO 11). In embodiments a polypeptide of
the invention consists of, or consists essentially of the amino
acid sequence DKITDLFDGFNFDDPGGE (SEQ ID NO
11).

[0023] A polypeptide of the invention may be provided
using recombinant means or may be a synthetic polypeptide
or may be extracted from R. equi bacteria, R. equi culture
supernatant or from biological material infected with R. equi.
In embodiments an isolated immunogenic polypeptide of the
invention is expressed at the bacterial cell surface of a R. equi,
or is secreted from R. equi.

[0024] Inembodiments, a polypeptide ofthe invention, or a
fragment, derivative or variant thereof comprises an amino
acid sequence of at least one polypeptide selected from the
group consisting of the list provided by Table 3 or as set out in
the sequences of FIG. 9.

TABLE THREE

Rpl protein Identifier Proposed function SEQ ID NO

RplA REQ__18350 Prepilin peptidase 12
product

RplB REQ__18360 Pilin subunit 13
product

RplC REQ__18370 Minor pilin protein 14
product

RplD REQ__18380 Putative lipoprotein 15
product

RplE REQ__18390 Pilus assembly 16
product protein

RplF REQ__18400 Pilus assembly 17
product ATPase

RplG REQ__18410 Secretion apparatus 18
product ATPsae

RplH REQ__18420 Secretion apparatus 19
product integral membrane

protein
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TABLE THREE-continued

Rpl protein Identifier Proposed function SEQ ID NO
Rpll REQ__18430 Secretion apparatus 20
product integral membrane
protein
[0025] All of the polypeptides shown in Table 3 are

encoded in the rpl locus and are part of the R. equi Rpl pilus
biogenesis machinery.

[0026] In embodiments a polypeptide of the invention can
be encoded by an R. equi. strain isolated from horses. In
embodiments the polypeptide can be isolated from horses and
can be from a virulent strain of R. equi. In embodiments,
polypeptides of the invention can be made synthetically or
recombinantly using techniques which are widely available in
the art.

[0027] The polypeptide of the invention may be optionally
linked to an immunogenic carrier. Said immunogenic carrier
may be a heterologous polypeptide, lipid, liposome, or
another acceptable carrier molecule. Suitably, a polypeptide
of'the invention may be linked to the immunogenic carrier by
chemical coupling or a polypeptide of the invention may be
expressed as a fusion protein with the immunogenic carrier. A
polypeptide of the invention, and/or a biologically active
and/or immunogenic fragment, or derivative, or variant
thereof, can be provided in an immunogenic composition, for
example to raise antisera or monoclonal antibodies for pas-
sive immunisation, or as a vaccine. Alternatively, a polypep-
tide of the invention, fragment, derivative or variant thereof
may be useful in an assay to detect antibodies specific for the
polypeptide, including diagnostic assays. As set out herein, in
embodiments, a derivative of a polypeptide of the invention
can be a composite of specific polypeptide sequences of the
invention, for example composites of SEQ ID NO 10, SEQ ID
NO 11 and a polypeptide as set out in Table 3 or fragments
thereof, or nucleotide sequences for example as set out at
Table 1 or Table 2 disclosed herein. In embodiments, the
nucleic acid sequences can be used to form concatemers and
may be used to provide polypeptide sequences, for example
relevant epitopes may be put in tandem or provided in mul-
tiples of 3, 4, 5, 6, or greater than 10, greater than 20 or more.
Further, in embodiments a derivative can include a scrambled
or chimeric polypeptide containing combinations of different
relevant Rpl polypeptides. In such embodiments the combi-
nations of relevant Rpl polypeptides can be provided in mul-
tiples of 2, 3, 4, 5, 6, or greater than 10, greater than 20 or
more.

[0028] It is important to note that even with knowledge of
the genome of R. equi strain 103S, it would not be apparent
that R. equi produced pili appendages or that the nine-gene
locus encompassing nucleotide positions 1,938,280 to 1,947,
152 (locus tags REQ18350-430) encoded a pilus biogenesis
apparatus responsible for the production of R. equi pili
involved in virulence and host colonisation. Pili are wide-
spread among bacteria and can serve many functions unre-
lated to virulence. For example pili can facilitate attachment
of bacteria to environmental surfaces such as soil particles,
biofilm formation, be mediators of bacterial motility or
enable adhesion to other bacteria. As will be appreciated,
depending on pili function, in some instances, pili may not
provide an immunogenic determinant suitable for vaccine
development or be able to act as a diagnostic marker.
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[0029] Using visualisation by electron microscopy and
genetic molecular analysis, the inventors demonstrated for
the first that R equi produces pili appendages or fimibriae,
identified that the rpl locus R. equi encodes the pilus biogen-
esis apparatus, and further determined that proteins of R. equi
pili are major virulence factors involved in host colonisation
and that they are major immunodominant antigens. The latter
determination would not have been suggested from sequence
data alone.

[0030] According to a second aspect of the present inven-
tion there is provided an isolated or recombinant nucleic acid
encoding a polypeptide associated with pilus formation in R.
equi. In embodiments of the invention there is provided an
isolated or recombinant nucleic acid comprising a polynucle-
otide sequence comprising or consisting of a sequence as set
forth in any one of SEQ ID NO 1, SEQ IDNO 2, SEQ ID NO
3, SEQIDNO 4, SEQ ID NO 5, SEQ ID NO 6, SEQ ID NO
7, SEQ ID NO 8, and SEQ ID NO 9 or a variant or derivative
or fragment thereof, for example as illustrated in the
sequences of FIG. 10.

[0031] Due to the known degeneracy of the genetic code, a
polynucleotide sequence which differs from those indicated
by any one of SEQID 1,2, 3,4, 5,6, 7, 8 or 9 can encode an
active immunogenic derivative, variant or fragment and/or a
biologically active derivative, variant or fragment of a
polypeptide of the invention. In embodiments, a polynucle-
otide sequence which encodes such a derivative, fragment or
variant sequence or an immunogenic biologically active
derivative or fragment can result from silent mutations (e.g.,
occurring during PCR amplification), or nucleotide substitu-
tions, deletions or insertions or the like or can be the product
of deliberate mutagenesis of a native sequence. Variant
polypeptides may be encoded by variant polynucleotide
sequences having sequence homology (identity) of greater
than at least 85%, 86%, 87%, 88%, 89%, preferably at least
90%, 91%, 92%, 93%, 94%, and more preferably 95%, 96%,
97%, 98%, 99% but less than 100% contiguous nucleotide
sequence homology to any one of SEQIDNO 1,2, 3,4, 5,6,
7,8, or 9 or fragments thereof. A variant polypeptide may be
encoded by a polynucleotide sequence including nucleotide
bases not present in the corresponding wild type nucleic acid
molecule and/or internal deletions relative to the correspond-
ing wild type nucleic acid molecule, such as SEQ ID NOs 1,
2,3,4,5, 6,7, or 8 Polynucleotide sequences encoding
fragments of a polypeptide of the invention may be greater
than 30 nucleotides in length, greater than 50 nucleotides in
length, greater than 100 nucleotides in length, or greater than
150 nucleotides in length. The invention also provides iso-
lated nucleic acids useful in the production of polypeptides.
Suitably said biologically active immunogenic derivative,
fragment or variant can elicit an immune response wherein
the antibodies generated to said derivative, fragment or vari-
ant have a binding specificity to any one of SEQ ID NO 1, 2,
3,4,5,6,7, 8 or 9. In embodiments, there can be provided a
polynucleotide sequence comprising or consisting of a
sequence as set out in any one of SEQ ID NO 1, SEQ ID NO
2, SEQ IDNO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO
6, SEQ ID NO 7, SEQ ID NO 8, and SEQ ID NO 9.

[0032] Infurther embodiments there is provided an isolated
or recombinant nucleic acid comprising a polynucleotide
sequence comprising or consisting of a sequence as set forth
in any one of SEQ ID NO 1, SEQ ID NO 2, SEQ ID NO 3,
SEQIDNO4,SEQIDNO 5, SEQIDNO 8, and SEQIDNO
9. In additional embodiments, there is provided an isolated or
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recombinant nucleic acid comprising a polynucleotide
sequence comprising or consisting of a sequence as set forth
in any one of SEQ ID NO 2, SEQ ID NO 3, and SEQ ID NO
4. In specific embodiments there is provided an isolated or
recombinant nucleic acid comprising a polynucleotide
sequence comprising or consisting of a sequence as set forth
in SEQ ID NO 2.

[0033] Polypeptides of the invention or a biologically
active immunogenic fragment, derivative, or variant thereof
may be prepared as a pharmaceutical preparation or compo-
sition. Such preparations will comprise the polypeptide or a
biologically active immunogenic fragment, derivative, or
variant thereof and a suitable carrier, diluent or excipient.
These preparations may be administered by a variety of
routes, for example, oral, buccal, topical, intramuscular,
intravenous, subcutaneous, intranasal or the like.

[0034] In a third aspect of the present invention, there is
provided a composition comprising a polypeptide or antibody
according to the invention, or a biologically active immuno-
genic fragment, derivative, or variant thereof, together with a
pharmaceutically acceptable carrier. A carrier and/or excipi-
ent useful in a composition of the present invention will
generally not inhibit to any significant degree a relevant bio-
logical activity of the polypeptide or antibody of the inven-
tion. Alternatively, or in addition, the carrier or excipient can
comprise a compound that enhances uptake and/or delivery
and/or efficacy of the polypeptide and/or antibody as
described herein. Alternatively, or in addition, the carrier or
excipient can comprise a compound that enhances the activity
of a polypeptide and/or antibody as described herein and/or
reduces inhibition of said polypeptide or antibody by degra-
dative enzymes in the site of administration and/or on route to
the site of action and/or at the site of action. For example, the
carrier or excipient may comprise a protease inhibitor and/or
a DNase inhibitor and/or an RNase inhibitor to thereby
enhance the stability of a polypeptide and/or antibody as
described herein above or nucleic acid encoding same.
[0035] As will be apparent to the person skilled in the art
based on the foregoing description, the methods of the present
invention further comprise providing, producing or obtaining
a composition comprising a polypeptide and/or an antibody
or nucleic acid encoding said polypeptide. Suitable methods
for producing such compositions will be apparent to the
skilled artisan based on the disclosure herein. A polypeptide
can also be delivered with other relevant antigens in a poly-
valent protein vaccine.

[0036] In certain further aspects, the present invention pro-
vides an antibody which has binding specificity to at least one
of'the polypeptides of the invention or a fragment, derivative,
or variant thereof, or an antigen binding fragment of said
antibody. Accordingly, in a fourth aspect of the invention
there is provided an antibody which specifically binds to a
polypeptide of the invention or an epitope, fragment, deriva-
tive or variant thereof. Antibodies of the present invention
may confer protection against infection with R. equi. Addi-
tionally or alternatively, an antibody can specifically bind to a
polypeptide of the invention or can bind to an epitope of the
pili provided on R. equi or an R. equi antigen of the pili and
whilst not conveying protection against infection with R.
equi, may be a useful in an immunoassay for the detection of
polypeptides of the invention or for diagnosis of R. equi
infection.

[0037] Incertain embodiments, the antibody can be a poly-
clonal antibody. Alternatively, the antibody can be a mono-
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clonal antibody, a chimeric antibody, or a synthesized or a
synthetic antibody. Methods for producing a polyclonal and
monoclonal antibodies are well known in the art and an anti-
body provided against a polypeptide of the pili is described
herein.

[0038] In certain further aspects, the present invention fur-
ther extends to a method of producing an antibody which
specifically binds to at least one polypeptide of the present
invention, or a biologically active and/or immunogenic frag-
ment, derivative or variant thereof, said method comprising:
[0039] (i) immunising a host with a polypeptide or a
fragment, derivative, or variant thereof as described
herein according to any embodiment, and

[0040] (ii) recovering antibodies generated by the host
against said polypeptide or a fragment, derivative, or
variant thereof.

[0041] The present invention also provides a method for
producing an antibody that binds to an antibody which spe-
cifically binds to at least one polypeptide ofthe present inven-
tion or a fragment, derivative, or variant thereof (i.e., a
method for producing an anti-idiotypic antibody), said
method comprising:

[0042] (i) immunising a host with an antibody that binds
to a polypeptide of the invention or a fragment, deriva-
tive, or variant thereof or an antigen binding fragment of
said antibody,

[0043] (ii) identifying antibodies generated by the host
against an antigen binding site of said antibody; and

[0044]

[0045] The present invention also provides an anti-idio-
typic antibody that selectively binds to an antibody that binds
to apolypeptide or a fragment, derivative, or variant thereof as
described herein or an antigen binding fragment of said anti-
body.

[0046] In a fifth aspect of the present invention there is
provided a composition comprising an antibody of the inven-
tion together with a pharmaceutical carrier.

[0047] The invention also provides vectors comprising
nucleic acids of the invention and cells comprising such vec-
tors.

[0048] Inthe sixth aspect of the invention there is provided
a construct comprising a nucleic acid molecule which
encodes a polypeptide of the invention, for example an iso-
lated nucleic acid, or a fragment, derivative, or variant thereof
operably linked to a promoter which is functional to allow
transcription of the nucleic acid sequence and the expression
of'an R. equi polypeptide of the invention.

[0049] The present invention also provides a process for
producing a polypeptide or a fragment, derivative, or variant
thereof as described herein according to any embodiment,
said method comprising culturing a cell comprising a nucleic
acid encoding a polypeptide or a fragment, derivative, or
variant thereof of the present invention operably linked to a
promoter under conditions suitable for expression of the
polypeptide or a fragment, derivative, or variant thereof. A
suitable nucleic acid may comprise a polynucleotide
sequence or fragment thereof of a gene selected from Table 1,
or more preferably Table 2. In one example, the method
additionally comprises recovering the polypeptide from the
cell culture, e.g., from the medium in which the cell is cul-
tured.

(iii) recovering the antibodies identified at (ii).
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[0050] In embodiments the present invention provides a
method of producing a polypeptide or a fragment, derivative,
or variant thereof of the invention, said method comprising
the steps of:

[0051] (i) culturing a host cell comprising a nucleic acid
encoding a polypeptide of the present invention or a
vector encoding the same, and

[0052] (ii) recovering the polypeptide of the present
invention from the host cell or culture medium.

[0053] In embodiments, the construct comprises an iso-
lated nucleic acid which encodes a polypeptide of the inven-
tion or a fragment, derivative, or variant thereof operably
linked to a promoter which is functional in a host cell to allow
transcription of the nucleic acid sequence and the expression
of'a R. equi polypeptide of the invention.

[0054] In alternative embodiments, the construct com-
prises anisolated nucleic acid which encodes a polypeptide of
the invention or a fragment, derivative, or variant thereof
operably linked to a promoter which is functional in a heter-
ologous host system, for example an attenuated vaccinal
strain, including, but not limited to, a microbial system, a
virus, a parasite, an attenuated pathogen or normal or
immuno-stimulating microbiota. Suitably, the heterologous
host system construct may be delivered as a live vaccine alone
or in combination with other relevant protective antigens in a
polyvalent vaccine.

[0055] In embodiments, the construct can comprise a
nucleic acid comprising a polynucleotide sequence of a gene
selected from at least one gene identified by Table 1, more
preferably a gene selected from Table 2, operably linked to a
promoter.

[0056] In embodiments, the construct can comprise a
nucleic acid sequence comprising a polynucleotide sequence
of SEQIDNO 1, 2,3, 4, 5,6, 7, 8 or 9, more preferably a
polynucleotide sequence which can encode SEQ IDNO 10 or
11.

[0057] Inaseventhaspect of the invention there is provided
a construct of the sixth aspect of the present invention in
combination with a pharmaceutical carrier.

[0058] In an eighth aspect of the present invention there is
provided a composition capable of treating or preventing a
disease caused by R. equi, comprising one or more surface-
associated (a polypeptide naturally associated to the surface
structures or on the outer surface of R. equi.) or secreted
polypeptides of R. equi wherein said polypeptides form pili of
R. equi. In embodiments the composition can be a vaccine
capable of preventing a disease caused by R. equi, which
results in the production of antibodies against a polypeptide
of R. equi which can form the pili of R. equi and wherein the
polypeptide is reactive against antibodies or immune cells
recovered from animals repeatedly infected with R. equi.
[0059] In embodiments, the polypeptide of R. equi which
can form the pili of R. equi, wherein the polypeptide is reac-
tive against antibodies and/or immune cells recovered from
animals repeatedly infected with R. equi comprises the amino
acid sequence encoded by a polynucleotide sequence of a
gene selected from Table 1, or more preferably Table 2 oris an
immunogenic fragment or variant or derivative of such a
polypeptide.

[0060] In embodiments of the invention, the subject for
which the vaccine can be administered is a foal and immuni-
sation results in an immune response which inhibits or pre-
vents R. equi infection and results in the production of anti-
bodies employed as an immunogen.
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[0061] Inembodiments the subject to which the vaccine is
administered can be a horse and immunisation results in an
immune response which inhibits or prevents R. equi., or in the
production of antibodies to the polypeptide employed as an
immunogen.

[0062] While the invention is particularly directed to
polypeptide suitable as antigen in a vaccine for use in horses
or foals, it will be clearly understood that it is applicable to
any other animal which is susceptible to infection with R.
equi, including humans, pigs, cattle, sheep, goats, lama, cats
or animals which have a similar biology and would be under-
stood to share a high degree of genomic similarity to horses.
It will also be appreciated that the diagnostic, therapeutic and
prophylactic aspects of the invention are also applicable to
subjects which have been exposed to an animal infected with
R. equi, or an environmental source contaminated with R.
equi such as faeces, soil, or the like.

[0063] According to a ninth aspect of the present invention
there is provided a method of treating or preventing a disease
or condition caused by R. equi comprising the step of admin-
istering a polypeptide of the invention or a fragment, deriva-
tive, or variant, an antibody, a nucleic acid, composition and/
or a vaccine of the invention to subjects suffering from, or
suspected to be suffering from, or at risk of a condition medi-
ated by R. equi.

[0064] There is provided the use of a polypeptide of the
invention or a biologically active and/or immunogenic frag-
ment, derivative, or variant, an antibody, a nucleic acid, com-
position and/or a vaccine of the invention in the preparation of
a medicament for the treatment of a condition mediated by R.
equi. In embodiments the treatment may be prophylactic
treatment to prevent or inhibit infection.

[0065] Thereis provided a polypeptide of the invention ora
fragment, derivative, or variant, an antibody, a nucleic acid,
composition and/or a vaccine of the invention for use in the
treatment of a condition mediated by R. equi. In embodiments
the treatment may be prophylactic treatment to prevent or
inhibit infection.

[0066] According to a tenth aspect of the present invention
there is provided a method of detecting R. equi comprising the
step of detecting a polypeptide of the invention or a fragment,
derivative, or variant, or an antibody of the invention in a
sample, or a polynucleotide of the invention which can
encode a polypeptide of the invention or fragment thereof. In
embodiments, a sample may be a soil sample.

[0067] Inembodiments, there is provided a method of diag-
nosing a disease or condition caused by R. equi comprising
the step of detecting a polypeptide of the invention or a
fragment, derivative, or variant, or an antibody of the inven-
tion in a biological sample from a subject suffering from,
suspected to be suffering from, or at risk of such a condition,
or a polynucleotide of the invention which can encode a
polypeptide of the invention or fragment thereof.

[0068] Detection of a polypeptide or an antibody of the
invention may be achieved by a variety of methods, including
but not limited immunoassay methods such as radioimmuno
assay, enzyme linked immunoabsorbent assays (ELISA),
chemiluminescence assays, immunohistochemistry, immu-
noblotting, for example Western blotting, immunofluores-
cence and mass spectrometry. An example of use of an anti-
body to detect a polypeptide of a R. equi pili (RplB) is
provided in the Examples herein.

[0069] Suitably, detection of antibodies with binding speci-
ficity to a polypeptide encoded by any one of SEQ ID NO 1,
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2,3,4,5,6,7,8,or9may beused as atest for R. equi in horses.
In embodiments, PCR testing for nucleic acids encoding a
polypeptide of the pili, for example as encoded by any one of
SEQIDNO1,2,3,4,5,6,7,8,or 9 may be used as a test for
R. equi, particularly where a quantitative detection is pre-
ferred. Based on the nucleic acid sequence data provided
herein, suitable primers or probes for use in the detection of
nucleic acid sequences which can encode polypeptides of the
pili of R. equi could be provided as would be understood in the
art. As will be understood, suitably, in embodiments, said
probes or primers can hybridise to the nucleic acid sequences
encoding peptides associated with pilus formation, prefer-
ably any one of SEQIDNO 1,2,3,4,5,6,7,8, or 9, under
stringent conditions. Hybridisation refers to the binding,
duplexing, or hybridizing of a molecule only to a particular
nucleotide sequence under stringent conditions when that
sequence is present in a complex mixture (e.g., total cellular)
DNA or RNA. Stringent hybridisation occurs when a nucleic
acid binds the target nucleic acid with minimal background.
Typically, to achieve stringent hybridisation, temperatures of
around 1° C. to about 20° C., more preferably 5° C. to about
20° C. below the Tm (melting temperature at which half the
molecules dissociate from their partner) are used. However, it
is further defined by ionic strength and pH of the solution. An
example of highly stringent wash conditions is 0.15 M NaCl
at72° C.forabout 15 minutes. An example of a stringent wash
condition is a 0.2xSSC wash at 65° C. for 15 minutes (see,
Sambrook and Russell, infra, for a description of SSC buffer).
Often, a high stringency wash is preceded by a low stringency
wash to remove background probe signal. An example of a
medium stringency wash for a duplex of, for example, more
than 100 nucleotides, is 1xSSC at 45° C. for 15 minutes. An
example of a low stringency wash for a duplex of for example
more than 100 nucleotides, is 4-6xSSC at 40° C. for 15
minutes. For short probes (for example about 10 to 50 nucle-
otides), stringent conditions typically involve salt concentra-
tions of less than about 1.5 M, more preferably about 0.01 to
1.0 M, Na ion concentration (or other salts) at pH 7.0 to 8.3,
and the temperature is typically at least about 30° C. and at
least about 60° C. for long probes (for example, >50 nucle-
otides). Detection of a polynucleotide of the invention may be
by any suitable means, for example using PCR, a microarray
or the like as would be known in the art.

[0070] Inaneleventhaspectofthe present invention thereis
provide a kit to detect R. equi wherein the kit comprises a
polypeptide or antibody of the invention or a nucleic acid
probe. In embodiments a kit can comprise a polypeptide or
antibody of the invention.

[0071] In embodiments, the kit is for use in the method of
diagnosing a disease or condition caused by R. equi wherein
the kit comprises a polypeptide or antibody of the invention or
a nucleic acid probe. In embodiments a kit can comprise a
polypeptide or antibody of the invention.

[0072] Inembodiments, the kit can include a solid support,
for example a test strip, plastic bead or the like to which
polypeptide or antibody of the invention can be coated. The
kit may include a detection antibody capable of binding to a
polypeptide or antibody of the invention which comprises a
detectable label or binding site for a detectable label. Suitably
alabelling molecule can include an enzyme, fluorescent label
or radiolabel. Binding sites for detectable labels include avi-
din, biotin, streptavidin and the like.

[0073] Additionally, the kit can include instructions for
using the kit to practise the present invention. The instructions
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should be in writing in a tangible form or stored in an elec-
tronically retrievable form. A further aspect of the present
invention provides a method of screening immunogenic R.
equi polypeptides of the invention or a fragment, derivative,
or variant thereof to determine if a test agent can bind to said
polypeptide comprising the steps: providing a candidate
immunogenic R. equi polypeptide of the invention or a frag-
ment, derivative, or variant thereof, providing a test agent to
the candidate immunogenic R. equi polypeptide and deter-
mining whether said test agent can bind to said candidate
immunogenic R. equi polypeptide.

[0074] A test agent which can bind to a R. equi polypeptide
of the invention may inhibit the activity of said polypeptide,
minimise its secretion or inhibit its ability to form functional
pili. In embodiments, such a test agent may be a useful thera-
peutic.

[0075] The present invention also provides the use of a
polypeptide or a fragment, derivative, or variant thereof or an
antibody as described herein in medicine.

[0076] In a twelfth aspect, the present invention provides
the use of a polypeptide of the invention or a fragment, deriva-
tive, or variant thereof, an antibody, composition and/or vac-
cine of the invention in the treatment or prevention of a
disease or condition caused by R. equi.

[0077] In one embodiment of the invention, a method of
treatment comprises the steps:

[0078] (i) identifying a subject suffering from a disorder
associated with or R. equi or at risk of developing R. equi;
[0079] (ii) administering a polypeptide, or composition as
described herein to said subject.

[0080] In another embodiment, the invention provides a
method of treatment comprising administering or recom-
mending a polypeptide, or a fragment, derivative, or variant
thereof or an antibody or composition as described herein to
a subject previously identified as having R. equi infection or
suffering from a condition associated with R. equi infection.
The invention may also provide a method of treatment of a
subject in need thereof, said method comprising:

[0081] (i) identifying a subject suffering from a disorder
associated with or R. equi or at risk of developing R.
equi;

[0082] (ii) obtaining a polypeptide or a fragment, deriva-

tive, or variant thereof as described herein according to
any embodiment,

[0083] (iii) formulating the polypeptide or antibody with
a suitable carrier and/or excipient to form a composition
wherein said composition is in an amount sufficient to
reduce or prevent or inhibit R. equi infection or suffering
from a condition associated with R. equi infection and

[0084] (iv) administering said composition to said sub-
ject.
[0085] Ina further embodiment there is provided a method

of treatment of a subject in need thereof, said method com-
prising:

[0086] (i) identifying a subject suffering from a disorder
associated with or R. equi. or at risk of developing R.
equi.;

[0087] (ii) obtaining a polypeptide or a fragment, deriva-

tive, or variant thereof or an antibody as described herein
according to any embodiment,

[0088] (iii) formulating the polypeptide or antibody with
a suitable carrier and/or excipient to form a composition
wherein said composition is in an amount sufficient to
reduce or prevent or inhibit R. equi infection or suffering
from a condition associated with R. equi infection and
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[0089] (iv) recommending administration of a composi-
tion at (iii).

[0090] Inembodiments a polypeptide on the invention can
be provided to a subject to generate a protective immune
response in the subject. In particular embodiments the
polypeptide may act as a vaccine.
[0091]
include:

Sequences identified in the patent application

SEQ ID NO 1
rpIA REQ 18350> - 3104103:3104891
GTGATCGTCGCAGCGGGCGTCGGCGCCGCACTCCTGGGTATCCTCG
CCGGGGCGTTCGCGAACAGTGCGATCGACCGCGTGCGCCTGGAGA
CCGCGTGCGCCGAGCCGAAGTCGACCCCCACCGGCTCAACCCCGC
CGCCCCCCTCCCCTGCGTCCGCGGTAGCCACCCGGATCGCGATGAT
CGACACCATCACGCGACGACACGACATCAGTGCCCGCCGCGTGCTC
GTCGAACTCGCAACGGCCCTCCTGTTCGTCGGGATCACTCTCCGTCT
CGCCGCTCTCGGTCTTCTCCCGGCAACACCGGCCTATCTCTTGCAAA
CGGCTGCCGAACTTCCTCGTCGTACCGTCGTACCCGATCGTATTCGC
CTGCCTTTCAGTGGGTTCCGTCGTGCCGTTCTGTTCGGGGTCTACTT
CGTACTAGCCCTGATCTATCCGGCCGGCATGGGGTTCGGCGACGTC
AAACTTGCCGGCGTCATCGGCGCCGTCCTCGCCTACCTGTCGTACG
GCACATTGCTCGTCGGGGCGTTTCTCGCGTTCCTGGTGGCCGCACT
CGTCGGCCTGATCATCCTGGTCACCCGTCGCGGTCGGATCGGGACC
ACGATTCCCTTCGGGCCGTACATGATTGCGGCGGCCATCGTTGCGAT
CCTGGCGGCCGATCCGCTGGCGCGCGCGTATCTGGACTGGGCCGC
CGCGGCCTGA

SEQ ID NO 2
rpIB REQ 18360> - 1939395:1939601
ATGAACCTCTTCTTCGCGAACCTGTACCTCATGGGCTTAGACGTCAA
GGACCGTCTGACCCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC
GGACTGATGGTCGCCGGCATCGCGATGGTGATCATTGTTGCGGTTTT
CGCCTTCGGCGATAAGATTACCGACCTCTTCGATGGCTTCAACTTCG
ACGATCCCGGCGGCGAGTAG

SEQ ID NO 3
rpIC REQ 18370> - 1939683:1940084
ATGAAGCGCCTCACTTCCGATTCAGGGGTCGCCGCAGTCGAATTCGC
TCTCGTCGTTCCGATCCTGATCACACTGGTCCTCGGCATCGTGGAGT
TCGGTCGGGGTTACAACGTCCAGAACGCGGTCAGCGCTGCTGCCCG
CGAGGGTGCACGGACGATGGCGATCAAGAAGGATCCGGCGGCGGC
GCGTGCTGCCGTGAAGGGCGCGGGTGTGTTCAGTCCGGCGATCACC
GATGCGGAGATCTGCATCAGCACTTCGGGAACGCAGGGCTGTTCGG
CAACGTCGTGTCCGAGCGGAAGTACCGTGACGCTCACGGTCAGCTA

TCCACTCGAGTACATGACGGGACTCTTTCCCGGTAAGCCGACGCTCA

CCGGCACGGGGGTCATGCGATGCGGTGGGTGA
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SEQ ID NO 4

rpID REQ 18380> - 1940093:1941037
ATGTCGAATGACGAGCGCGGGGTCGTCGCCGTGCTCGTTGCGATCC

TCATGGTCGTGCTCCTGGGATGTGCTGCGATCTCGGTCGACATCGGT
GCGAACTATGTCGTCAAACGTCAGTTGCAGAACGGGGCCGATGCGG
CTGCGCTCGCCGTAGCTCAGGAATCCAGTTGCAAGGCAGGATCTTCC
GCCTCATCCGTGTCGAGCCTTGTCCAGGCGAACGTCAACAGCTCGTC
GGCTGCAAGTGCGGCGGTGATCGACGGTGTGAAGCGGAAGGTGAC
GGTCACTGCGTCGGCGGTGGGTGACGACGGCCTCGCCGGCCGGAG
GAACGTGTTCGCTCCGGTCCTCGGAGTCGACCGCAGCGAGATCTCG
GCGTCTGCGACTGCAAGCTGCGTGTTTCCCCTCGGGGGGACCGCGG
AACTCCCGCTCACGTTCCACAAGTGCCATTTCGACGAATCCCGCAGT
CTGGACGTGAAGATCCTCGTCGCCTACAACGTGACGGCGCCGCGCT
GCAATGGAACCTCGGGAAATGCGGCACCGGGCAATTTCGGCTGGCT
GCAGGGGGCGAACGGTCGATGCCCGGCGAAGATCGACGCCGCCGET
CTACGCAACACCGGGCGACACCGGTAACAACATTCCGGGGCCGTGC
AAGGACACCATCAAGCAGTTTCAGAATGCCGTCGTGCGGGTCCCGAT
CTACGACGTCGCAGGTGGAACCGGAAGCGGTGGATGGTTTCACGTC
GTCGGTTTGGCTGCCTTCAAGATTCAGGGCTACCGGCTGAGCGGCA
ACCCGGAGTTCAACTGGAACAACGATGTTCACGGGGCGCTGAGTTG
CACCGGCAGCTGTCGCGGCATCATCGGCACCTTCGTGAAGATTGTCA
GCCTCGATTCGGATCTGACGCCGGGAGGGATCGATTTCGGCGTGAG

TACGATCAGCTTGCTCGATTAG

SEQ ID NO 5

rpIE REQ 18390> - 1941047:1941784
TTGAGAACCCGAATCATTGCTGCGATCTGTGCGATCGTTCTCGCGGT

CGCGGGAACCCTCGCCCTGATCTCGTATGTACGCGGGGCCGATGCC
CGCGCCCTGGCGGGTACACGCACCGTCGATGTGCTCGTCGCCGATC
AGACGATTCCGAAGAACACTCCCGCTGATTCGCTCGTGGGAATGGTT
GTGGTCAAGAAACTTCCGGAAATGGCGGTGCTACCCGATCGGGTGA
CCAGTCTCGACCAACTGTCCGGCAAGGTCGCGCTGACCGACCTCCT
GCCTGGCGAACAACTGGTCTCGGCGCGATTCGTCGACCCGGCGACT
GCCCGAAGTCAGGACCAGGGAGGAATCCCCGAGGGGATGCAGGAG
GTGACGGTTCTTCTCGAGCCGCAACGCGCACTGGGAGGCCACATCG
CGTCGGGCGATACCGTCGGCGTCTTCATGTCCTTCTCGCCGCCCGT
CAAGAACTACGAAACACATCTGAGATTGCAGAAAGTGCGAGTCACGC
GGGTCCAGGGAACGTTCTCCAACGCCGACGAAGGGGATTCGGCCAC
GGTCGACTCGTCGCCGAGCCCTGCTCCCACCGAGGCCTTTCTCGTC

TCGCTGGCGGTCGACGTGCCGATGGCGGAGCGCGTCGTTTTCGCCG
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CGGAGCACGGGACCATCTGGCTTTCCAATGAGCCGCCGAGTTCGAA

CGAGGCCGGGGCATCCGTGGTCTCCCCGGAAGGAGTGTTCCGATGA

SEQ ID NO 6

rpIF REQ 18400> - 1941781:1942980
ATGAGCCGCATCGTCCTGCTGACCGATCGCGACGATTTCGCCCGCC

GCGTGTACCACGCCGCGGACGGCAACCTTCTGGTGTTGCCGGCGCA
GCCGGTTCCCCGGGGGCCGGCGCAGTTGGTCGGGCTCGGCGTGAC

CGTGCAACCAGAAGTTCTCGTTCTCGGTCCGGACGTGCCGGAAGTG
GAGGGCCTCTCCCTCGCCGGCCGGATCGATCATTCGACGCCCGGCA
CCACGGTGGTTCTGGCCAGTGATGCGGGCACCGACGTGTGGTTGCG
GGCGATGCGCGCCGGCGTGCGGGACGTGATGT CGCCGGAGGCGGA

GATCGCGGACGTTCGTGCGGTACTCGATCGAGCGGGCCAGGCCGCA
CTGGCGCGACGTCAGGGGGCGAGTGCACCGGCGGAGCAGCATGCG

GTTCAAGGGAAGGTCATCGTGGTCGCGTCGCCGARAAGGCGGAACCG
GAAAGACCACCGTTGCGACGAATCTTGCAGTAGGACTCGCGGCGGT

AGCGCCTCACTCGACGGTGTTGGTGGACCTCGACGTGCAGTTCGGG
GACGTTGCCAGTGCTCTCCAGTTGGTTCCGGAACATTGCCTGACCGA
CGCCGTCGCGGGCCCGGCCAGCCAGGACATGATCGTCCTCAAGACC

GTCCTGACACCCCATTCCACAGGACTGCATGCGCTGTGTGGGTCGG
ACTCGCCCGCGGCGGGCGACAGCATCACCGGCGAGCAGGTGAGCA

CTCTGCTGACGCAGTTGGCGGCCGAATTCCGGTACGTGGTCGTCGA
CACCGCGCCCGGTTTGCTCGAACACACCCTGGCGGCGCTCGACCTT
GCTACCGACGTCGTGTTGGTGTCGGGTATGGACGTGCCCAGCGTCC
GCGGGATGCACAAGGAACTGCAATTGCTGACGGAGCTGAATCTGGG
TCCGGTCGTGCGGCATGTCGTGCTCAACTTTGCGGATCGACGCGAG
GGGCTGACGGTCCAGGACATCCAGAACACCATCGGGGTCCCCGCCG
ATATCGTGATCAAGCGCTCGAAAGCCGTTGCCCTCTCGACGAACCGG
GGGGTTCCACTGCTTCAGAACCCGGGTCGGGATCGCACTGCGAAAG
AGTTGTGGCGACTCGTCGGCCGTATCGATCCGGCTCCCGATACCGC
CAAGGGTGGACGCGCGCGGCATCGGGCAGCCGAGGCGGTGGGETGC

GAAATGA

SEQ ID NO 7

rpIG REQ 18410> - 1942977:1944374
ATGAGACTGTCCCAACGGCTCGAGGCCGTGCGCGGAGCCGCACCC

GTCGAAGCCGCCGCACCGATCCCGCCGGGGAAGCAGGGGAAGGCG

AAAACGTCCCTCCCTCCGGCCGACGCTCTCGCCGAACTGAAGGACC
GTGCGAGTGCGGCCCTGTACACCCGGATCGGCACCCGCTTCAACGA
CTCCTCGTTGAGCGAGGAGCAACTGCATCTCCTGGTCCGTGAGGAA
CTGGCCGAAATCGTGGAGCAGGAGACGACGCCACTCACCTTCGACG

AACGGCAGCGCCTGCTCCGTGAGGTTGCCGACGAGGTACTGGGGCA
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CGGACCGCTCCAGCGEC TACTGGAGGACCCGT CGGTCACCGAGATC

TCGACACCCGAGACGAACTCTGCTCTCCTGCAGCAGGTTGCGCGGE
ATGGTCAACAGCCACGACATGGTCTACGTCGAGCGGGACGGCACCC

AGTCGCGCGGTCAGTACGCGT CTGCGGGTGATACGGCGGCGCTGE
TCGTCCGCAGCTCCGCGCGAT TCGCGGACGAGGCGCACCTGCGTCG

GTGCGATCTACCAGTCGGCCGCTCGCGCGCTCGGARAACCTGTACGT
CGTGATCGAACGCATCGTTTCCGCCGTCGGTCGACGGATCGACGAA

CGTCCGATACCGATCGGAAGCGAATGGCGATACCCAGGTGGTGGCG
TCGTCCCCGCTCGTGEATGCACGCTTGGCGGATGGCTCCCGTGTCA

AGCGTGCGCAGCGGCGECAGCCGGCCCAGTGAGCGATCCETTCCCE
ACGCGGTGATCCCACCGCTCGCATTCAACGGCTCCTCGCTCACCATT

GTGACATTGCCCGGTGTGETGCCGACGC CGAGCGTCGTCGCCEEE
CGAAAGTTCTCGARAGATCCGTTCCAGGTCGACGATCTCATCGCCTT

ACCGTCGACGGTTTCTTCACGTCTTCGACGGGGCTGGTGATCGGGC
CGGCACTCTCTCGCACGAGATGGCCGAACTGCTCGACGCGTGTGTG

TCCTAGCGTGCTACTCGGCGC TTGCGGGAGGECETECTGGCGGTCGT
CAGGCGCGACTGAACGTCATCGTCTCGGGCGGCACGGGCACGGEE

CGGTAGAGCGCCCGCCAGGAT TTCGGCAGCACGTCGTGGGCGGCA
ARGACGACGCTGCTCAACGTGCTCTCGTCGTTCATTCCGGARGGGGA

GGACGGACGGGACTCGATGCTGTCCCGATTCGCGGAACGECTGETE
GCGGATCGTCACCATCGAGGACGCCGTGGAACTGCAACTTCAGCAG

CAGTGGATCGATCAGAACCTGAGGAGACGCGGACGCATCGCTGCCC
GACCACGTCGTACGGTTGGAGAGCCGACCGCCGAACATCGAGGGCA

GCACCCAGGCGCTACAGGAGGCGGGGECTGAAGCTTCGTCCAGGTGA
AGGGTGCCGTCACCATCCGCGACCTGGTGCGGAACTCGCTGCGTAT

CTTCATCGCCCTGETCGGTGC TGCGGCGATCACCGCTGCGGCGATC
GCGTCCCGACCGCATCGTGGTGCGGCAGTGTCGCCCAGGCGAGAG

GGTCTCCTGGCTTCGGGCATCGTGGCGECECTCTTGCTCGCGGCGA
TCTCGACATGCTGCAAGCGATGAACACCGGTCACGACGGGTCGCTG

TCACAGTGGGATTGTCGAGAATCTATCTCCGTGTGATGGCCGGTAGS
TCGACGGTGCATGCGAATTCGCCCCGTGACGCCATCGCGCGCTTGG

CGTCGGGCCECETTCGC TGAT CAGCTCGACGATTCCCTGCAGCTGC
AGACGCTCGTGTTGATGGCCGGCATGGACCTGCCGTTGCGGGCGAT

TGGCCAGCAATCTCCGAGCCGGGCACAGCATGCTCCGAGCGCTCGA
CCGGGAGCAGATTGCTTCGGCGETCGACGTGATCGTGCAGCTCACT

TTCCCTTTCCCGAGAGGCGCAGGTGCCGACTT CGGAGGAGTTCGCT
CGACTACGTGACGGCACTCGGCGAGTGACCCACGTGACCGAGGTCC

CGGATCGTCAACGAGAC TCGGGTGGGACGTGATC TCAACGAGTCTC
AGGGCATGCAGGGTGAGATCGTCACCCTGCAGGATGCCTTCCTGTT

TCGACGACGTGGCCCGGCGCATGCCAAGTGACCATTTCAACTGGAT
CGACTACAGCGCCGGCGTCCACGCGCGCGGGECGATTCCTCGGCAG

AGCTCAGGCAATCGCCATCAACCGTGAGGTCGGAGGCGACCTCGCG
ACCGCAGCCGACCGGAGTGCGGCCGCGETTCACCGACAGATTCCGA

GAAGTCCTCGACCAGGTGGGCAACACCATTCGAGAGCGAAATCAGAT
GATCTCGGTATTGCTTTGTCGCCGAGTGTTTTCGGGGTGGGAGAACT

TCGACGGCAGGTGARAGCCCTTGCTGCCGAGGGGARACTGTCCGCC
CTCCCGGGGGCGGGTATGA

TACGTGCTGATGGCGCTGCCCTTCGGTCTCACCGCATTTCTGCTCGT

SEQ ID NO 8

rpIH REQ 18420> - 1944371:1946239 CTCGAATCCGGACTACCTGTCGAAGT TGACGGGTAGCGCCATCGGT
ATGAGCCGGTGCETEETGGCCGTCETGCTCGCCCTCGETGCGEET

TACGTGATGATCGCGGTGEGGCTCGTCATGCTGACCGTCGGTGGGT
GTTCTGGGAATTCCCGCCGTAGCCGCGGCGGCCGAGGAGGCTGTCC

TGTGGATGAACAAGGTTGTCTCGGTCAAGTTCTAG
AGGTCTCGGCGETCGACACGACCCGGTTTCCCGACATCGAGGTGTC

SEQ ID NO

CATCCTCGCGCCGCCCGETAT CGARGGGCAGGCGAT CGATCCGGGA rpII REQ 18430> - 1946262:1947152

GTGATTCCACCGCTGGTGCTCATGGCGEGCGCTGTCCGTCCGCGEEE
ACGTTCGCGCTCACCGAGGGCGGCETGCCGCGAGAGATCGAGGTC

CGTTGGGTGTTCTGETGTGET TGACGGT CGGCGCCCGAGATCCGGA
AGGCAGCAGCCGGGTTCCGAGCAGGACATCGTGCTCGCAATCGACE

ACGCGGACCCGCCCTTCGGAACCTGCAGTCGCAGCTGGCGTTGCCE
TGTCCGGEGECATGTCGEETCCGGCGCTGGACGACGTGARGCGCG

ATTCCGGAGTCGGGAGGCGCGCCACCGCTTTCGCTCGGCCGATTCG
CCGCATCGGATT TCGTGCGGCAGGCGCCGGCCGGCGCCCACATCG

TGAAGCTGCTGTCGCCGCCCGGGACGATGGCCCGCTTGGAACGACT
GAATCGTCGCGATCTCGTCGACGCCACAGGTGCTCTCGGAACTGAC

GCACATCCTTGCCGGTCGTCCAGCGECETGEETTCCGGAACGRGCT
GACGGACTCCGAGGACCTGCTCCGCAGGATCGACGCGACTGARGGCE

GCGATGGCGAAGATCGTTCTCGCCGCGECCGCCECCCTGCTCGRET
GGCGGCAACAGCGCGATCGCAGATTCGGTGETGACCGCCGCCGAG

CTTCTCGCGETEGETGCETCGCCTGGCETCEECCEEETGCTGTTCG
ATGCTCGAGCGCCGCGARGCGGCCARCAACATCCTGCTTCTGTTGA

CTGCGGECCGCCETCECGCTGGCGTATTTCGTCCCGGAACTTCTCCT
CGGACGGCGCCGACACGTCGAGTGCACACTCGATGT CGGAACTCCC

GCAGAGCAGGGGGCAGGAGCGCCARGCCGCGATCGAACTGGCGCT
GTCCGTCCTGAGTCGGTCGCGCGCGTCGCTGTACGCCGTGCAGATG
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TGCCGACACCCTCGACCAGATGACGAT CGCAGTCGAGGCGGGCCTG

GGCTTCGAAGCCGCCATGCAGCEGGCCECGAAGAACGGAAAGEGRR
CCGCTGGCCGAGGAATTCATCCGGACATTGCAGGACATACAGATGS
GGCAGTCGAGGCGAATCECGTACCTGGATCTTGCCGCCAGAACGAR
AGCACCCAACTTGCGEAGETTCCTTCGGGCCATCATCCARGCCGAC
GAGTACGGCETGGCCATCGCCCAGETCCTECGGACCCAGECCTCG
GAGATGCGTCTGAAACGCCGT CAGAGTGCTGAGGAGAAGGCGATGA
AGGTTCCEGTGAAGGETGCTGT TTCCGT TGATGACCTGCATCCTGCCG
ACCATCTTCATCGTGATCCTGGGTCCGGCGATGATCAACATGATGCA
GGTCTTGGGCGGTATGTAA

SEQ ID NO 12
RpIA:
VIVAAGVGAALLGI LAGAFANSAIDRVRLETACAEPKS TPTGSTPPPPSP
ASAVATRIAMIDTITRRHDISARRVLVELATALLFVGITLRLAALGLLPA
TPAYLWFAAVGIALAVIDIDCKRLPNFLVVPSYPIVFACLSVGSVVTGDW
SALLRAAIGAAVLFGVYFVLALIYPAGMGFGDVKLAGVIGAVLAYLS YGT
LLVGAFLAFLVAALVGLIILVTRRGRIGTTIPFGPYMIAAATVAI LAADP
LARAYLDWAAAA

SEQ ID NO 13
RpIB:
MNLFFANLYLMGLDVKDRLTRDDRGATAVEYGLMVAGIAMVI IVAVFAFG
DKITDLFDGFNFDDPGGE

SEQ ID NO 14
RpIC:
MKRLTSDSGVAAVEFALVVPILITLVLGIVEFGRGYNVQNAVSAAAREGA
RTMAIKKDPAAARAAVKGAGVFSPAITDAEICISTSGTQGCSATSCPSGS
TVTLTVSYPLEYMTGLFPGKPTLTGTGVMRCGG

SEQ ID NO 15
RpID:
MSNDERGVVAVLVAILMVVLLGCAAISVDIGANYVVKRQLQONGADAAALA
VAQESSCKAGSSASSVSSLVQANVNSS SAASAAV IDGVKRKVTVTASAV
GDDGLAGRRNVFAPVLGVDRSEI SASATAS CVFPLGGTAELPLTFHKCH
FDESRSLDVKILVAYNVTAPRCNGT SGNAAPGNFGWLQGANGRCPAKT
DAAVYATPGDTGNNIPGPCKDTIKQFQNAVVRVPIYDVAGGTGSGGWE
HVVGLAAFKIQGYRLSGNPEFNWNNDVHGALSCTGSCRGI IGTFVKIVSL
DSDLTPGGIDFGVSTISLLD

SEQ ID NO 16
RpIE:
LRTRIIAAICAIVLAVAGTLALISYVRGADARALAGTRTVDVLVADQTIP
KNTPADSLVGMVVVKKLPEMAVLPDRV TSLDQLSGKVALTDLLPGEQLVS
ARFVDPATARSQDQGGI PEGMQEVTVLLEPQRALGGHI ASGDTVGVEMSF
SPPVKNYETHLRLQKVRVTRVQGTFSNADEGDSATVDS SPSPAPTEAFL

VSLAVDVPMAERVVFAAEHGT IWLSNEPPSSNEAGASVVSP

EGVFR
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SEQ ID NO 17
RpIF:
MSRIVLLTDRDDFARRV YHAADGNLLVLPAQPVPRGPAQLVGLGVTVQP
EVLVLGPDVPEVEGLSLAGRIDHS TPGT TVVLASDAGTDVWLRAMRAGY
RDVMSPEAEIADVRAVLDRAGQAALARRQGASAPAEQHAVQGKVIVVA
SPKGGTGKTTVATNLAVGLAAAAPHS TVLVDLDVQFGDVASALQLVPEH
CLTDAVAGPASQDMIVLKTVLTPHS TGLHALCGSDSPAAGDSI TGEQVST
LLTQLAAEFRYVVVDTAPGLLEHTLAALDLATDVVLVSGMDVPSVRGMH
KELQLLTELNLGPVVRHVVLNFADRREGLTVQDIQNTIGVPADIVIKRSK
AVALSTNRGVPLLONPGRDRTAKELWRLVGRI DPAPDTAKGGRARHRAA
EAVGAK

SEQ ID NO 18
RpIG:
MRLSQRLEAVRGAAPVEAAAPIPPGKQGKAKT SLPPADALAELKDRASA
ALYTRIGTRFNDS SLSEEQLHLLVREELAEIVEQETTPLTFDERQRLLRE
VADEVLGHGPLQRLLEDPSVTEIMVNSHDMVYVERDGTLVRSSARFADEA
HLRRVIERIVSAVGRRIDESSPLVDARLADGSRVNAVIPPLAFNGSSLTI
RKFSKDPFQVDDLIAFGTLSHEMAELLDACVQARLNVIVSGGTGTGKTTL
LNVLSSFIPEGERIVTIEDAVELQLOQDHVVRLESRPPNIEGKGAVTIRD
LVRNSLRMRPDRIVVGECRGGESLDMLQAMNTGHDGSLS TVHANS PRDAT
ARLETLVLMAGMDLPLRAIREQIASAVDVIVQLTRLRDGTRRVTHVTEVQ
GMEGEIVTLQDAFLFDYSAGVDARGRFLGRPQPTGVRPRFTDRFRDLGI
ALSPSVFGVGEPSRGRV

SEQ ID NO 19
RpIH:
MSRCVVAVVLALGAGVLGIPAVAAAAEEAVQVSAVDTTREFPDIEVSILAP
PGIEGQAIDPGTFALTEGGVPREIEVRQOPGSEQDIVLAIDVSGGMSGPA
LDDVKRAASDFVRQAPAGAHIGIVAI SSTPQVLSELTTDSEDLLRRIDGL
KAGGNSAIADSVVTAAEMLERGEAANNI LLLLTDGADTS SAHSMSELPSV
LSRSRASLYAVOMSTPETNSALLQQVARESRGOYASAGDTAALGAIYQSA
ARALGNLYVVRYRSEANGDTQVVASVRSGAAGRVSDPFPVTLPGVVPT
PSVVAGTVDGFFTSSTGLY IGLLACY SALAGGVLAVAGRAPARI SAARRG
RODGRDSMLSRFAERLVQWIDONLRRRGRI AARTQALQEAGLKLRPGD
FIALVGAAAI TAAATGLLASGIVAALLLAAITVGLSRIYLRVMAGRRRAA
FADQLDDS LQLLASNLRAGHSMLRALDS LSREAEVPTSEEFARIVNETRY
GRDLNESLDDVARRMRS DDFNWIAQAIATINREVGGDLAEVLDQVGNTIRE
RNQIRRQVKALAAEGKLSAYVLMALPFGLTAFLLVSNPDYLSKLTGSAIG
YVMIAVGLVMLTVGGLWMNKVVSVKE

SEQ ID NO 20
RpII:
VIPPLVLMAALSVGGALGVLVWLTVGARDPERGPALRNLQSQLALPIPES

GGAPPLSLGRFVKLLSPPGTMARLERLHILAGRPAAWVPERAAMAKIVLA
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AAAALLGLLAVGAS PGVGRVLFAAAAVALAYFVPELLLQOSRGQERQAATE

LALADTLDOMTIAVEAGLGFEAAMQRAAKNGKGPLAEEFIRTLQDIQMG
QSRRIAYLDLAARTKAPNLRRFLRAVIQADEYGVAIAEVLRTQASEMRLK
RRQSAEEKAMKVPVKVLFPLMTCILPTIFIVILGPAVINMMEVLGGM

[0092] Preferred features and embodiments of each aspect
of the invention are as for each of the other aspects mutatis
mutandis unless context demands otherwise.

[0093] Each document, reference, patent application or
patent cited in this text is expressly incorporated herein in
their entirety by reference, which means it should be read and
considered by the reader as part of this text. That the docu-
ment, reference, patent application or patent cited in the text
is not repeated in this text is merely for reasons of concise-
ness. Reference to cited material or information contained in
the text should not be understood as a concession that the
material or information was part of the common general
knowledge or was known in any country.

[0094] Throughout the specification, unless the context
demands otherwise, the terms ‘comprise’ or ‘include’, or
variations such as ‘comprises’ or ‘comprising’, ‘includes’ or
‘including” will be understood to imply the includes of a
stated integer or group of integers, but not the exclusion of any
other integer or group of integers.

[0095] By “consisting essentially of” it is meant that a
nucleic acid does not include additional, substituted or
deleted nucleotide(s) to a polynucleotide sequence of the
invention described herein or a polypeptide does not include
additional, substituted, or deleted amino acids which signifi-
cantly alter the character of a sequence of the invention such
that it is not immunogenic and biologically active.

[0096] As used herein, the singular forms “a”, “an”, and
“the” include the corresponding plural reference unless the
context clearly dictates otherwise.

[0097] Where a range of values is expressed, it will be
understood that this range encompasses the upper and lower
limits of the range and all values in between these limits.
[0098] The terms “polypeptide”, “protein” and “peptide”
are herein used interchangeably.

[0099] The term “isolated” refers to materials, such as
nucleic acid molecules, which are substantially free or other-
wise removed from components that normally accompany or
interact with the materials in a naturally occurring environ-
ment. An isolated nucleic acid typically contains less than
about 50%, preferably less than about 75%, and most prefer-
ably less than about 90% of the components with which it was
originally associated. Polypeptides, antibodies and nucleic
acids of the invention as disclosed herein can be isolated.
[0100] The terms “polynucleotide”, “polynucleotide
sequence”, and “nucleic acid sequence” are used inter-
changeably herein. A “polynucleotide” as used herein refers
to purine- and pyrimidine-containing polymers of any length,
either polyribonucleotides or polydeoxyribonucleotides,
which can be single or double stranded, such as, for example,
DNA-DNA, DNA-RNA and RNA-RNA. A polynucleotide
may optionally contain synthetic, non-natural or altered
nucleotide bases. A polynucleotide in the form of a polymer
of DNA may be comprised of one or more strands of cDNA,
genomic DNA, synthetic DNA, or mixtures thereof.

[0101] A “derivative” of a polypeptide as used herein will
be understood to include polypeptides which have been sub-
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ject to chemical modifications, including esterification, ami-
dation, reduction, methylation, fusion to another peptide and
the like. The polypeptide derivatives may be modified such
that the modifications increase the stability and/or immuno-
genicity and/or bioavailability of the polypeptide derivative
in comparison to the unmodified polypeptide. Covalent
derivatives of the peptides or polypeptides of the invention
can be prepared by linking the chemical moieties to func-
tional groups on the amino acid side chains or at the N-ter-
minus or C-terminus of the antigenic polypeptide. Conjuga-
tion of a polypeptide to another peptide may further be
achieved by genetic means through the use of recombinant
DNA techniques that are well know in the art, such as those
set forth in the teachings of Sambrook et al. Molecular Clon-
ing: A Laboratory Manual, 2 ed. Vol. 1, pp. 1.101-104, Cold
Spring Harbor Laboratory Press, (1989) and F.M. Ausubel et
al. Current Protocols in Molecular Biology, Eds. J.Wiley
Press (2006), the relevant portions of which are incorporated
herein by reference.

[0102] A “‘variant” polypeptide of the invention can be a
polypeptide which has an amino acid sequence which differs
from the polypeptide encoded by SEQ IDNO 1, 2,3, 4, 5,6,
7, 8 or 9 due to the presence of one or more deletions, inser-
tions, or substitutions of amino acid residues. In embodi-
ments, a variant has at least 85%, 86%, 87%, 88%, 89%,
preferably at least 90%, 91%, 92%, 93%, 94%, and more
preferably 95%, 96%, 97%, 98%, 99% but less than 100%
contiguous amino acid sequence identity to the correspond-
ing polypeptide encoded by the nucleotide sequence as dis-
closed herein. Percentage identity may be determined using,
for example computer programs as would be known by one
skilled in the art.

[0103] Variants can include polypeptides in which indi-
vidual amino acids of the polypeptide of the invention are
substituted by other amino acids which are closely related as
understood in the art, for example, substitution of one hydro-
phobic residue such as isoleucine, valine, leucine or methion-
ine for another, or the substitution of one polar residue for
another, such as arginine for lysine, glutamic for aspartic acid
or glutamine for asparagine.

[0104] Inembodiments, a fragment of a polypeptide of the
present invention can consist of a truncated version of a
polypeptide of the invention which has been truncated by 1, 2,
3, 4 or more than 5, more than 10, or more than 20 amino
acids. An antigenic fragment may be generated using for
example C-terminal deletion of any one of the polynucleotide
sequences of the genes as listed in Table 1 or Table 2 and said
C-terminal deletion constructs may then be inserted into a
suitable prokaryotic or eukaryotic expression plasmid. The
antigenic activity of the expression products derived from the
constructs may then be tested by assessing reactivity with
antisera from naturally and/or experimentally infected horse
or foals using immunoblotting methods. Alternatively a series
of synthetic polypeptide fragments with greater than 85%,
greater than 90%, greater than 95%, or 100% sequence iden-
tity to portions of any one the polypeptides encoded by a
polynucleotide sequence of a gene of Table 1 or more pref-
erably Table 2 can be generated. These peptides may then be
reacted with antisera from naturally or experimentally
infected horses using an ELISA method to determine which
peptide fragments are antigenic. Alternatively, synthetic pep-
tides may be used to immunise, for example, mice, rabbits, or
horses and the antisera produced can be assessed for reactiv-
ity with R. equi using indirect immunofluorescence assays. In
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this way immunogenic fragments may be identified and R.
equi-specific antisera may be produced. These two latter
approaches described are particularly advantageous for small
peptides that contain linear, continuous epitopes.

[0105] “Operably linked” means that a nucleic acid mol-
ecule is placed in functional relationship with another nucleic
acid molecule. Generally an operably linked promoter will be
linked such that it is contiguous with and in the same reading
phase as the gene to be expressed.

[0106] Generally the terms “treating”, “treatment” and the
like are used to mean affecting a subject tissue or cell to obtain
a desired pharmacological and/or physiological effect. As
used herein, the term “treatment” and associated terms such
as “treat” and “treating” means the reduction of the progres-
sion, severity and/or duration of infection or for the amelio-
ration of at least one of the symptoms thereof by R. equi or
may be prophylactic (preventative treatment). The term
‘treatment’ therefore refers to any regimen that can benefit a
subject. References herein to “therapeutic” and “prophylac-
tic” treatments are to be considered in their broadest context.
The term “therapeutic” does not necessarily imply that a
subject is treated until total recovery. Similarly, “prophylac-
tic” does not necessarily mean that the subject will not even-
tually contract a disease condition.

[0107] As used herein, the term “subject” refers to an ani-
mal, preferably a mammal and in particular a horse.

FIGURES

[0108] Embodiments of the present invention will now be
described by way of example only with reference to the
accompanying figures in which:

[0109] FIG. 1 illustrates the R. equi pilus locus (rpl). (A)
The 9 Kb rpl horizontally acquired (HGT) island
(REQ18350-430) is absent from nonpathogenic Rhodococ-
cus spp. (e.g. R. jostii RHA1 and R. erythropolis PR4). rpl
genes have were detected in all R. equi clinical isolates (=300
isolates tested). rpl gene products which are considered to be
encoded are: A, prepilin peptidase; B, pilin subunit; C, TadE
minor pilin; D, putative lipoprotein; E, CpaB pilus assembly
protein; F, CpaE pilus assembly protein; GHI, Tad transport
machinery. (B) Electron micrograph of R. equi 103S pili
(indicated by arrowheads). Bar=0.5 um. (C) R. equi pili visu-
alized by immunofluorescence microscopy (x1,000 magnifi-
cation). Reproduced from Letek et al. 2010, PLoS Genet. 6:
¢1001145).

[0110] FIG. 2 illustrates a demonstration by targeted
mutant construction and genetic re-complementation analy-
sis that the rpl locus encodes the R. equi pilus. Negative
staining transmission electron micrographs of wild-type R.
equi 103S (WT) (panel A), isogenic rplB deletion mutant of
103S (ArplB, apiliated) (panel B), rplB-complemented
mutant (piliated) (panel C), and mock-complemented mutant
with an empty vector (no rplB gene). Bar=0.5 pm (panel D).
[0111] FIG. 3 illustrates the effect of rplB gene deletion and
complementation on R. equi adhesion to (A) macrophages
(J774A.1 cell line) and (B) epithelial cells (HeLa cell line),
two key target cell types in the pathogenesis of airborne lung
infection. Data expressed as percentage of the control (WT);
mean of at least three independent duplicate
experiments+SEM.

[0112] FIG. 4 illustrates the adhesion phenotype to (A)
epithelial cells (HelLa cell line) and (B) macrophages
(J774A.1 cell line) with additional rpl knock-out mutants
(rplA and rplE).
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[0113] FIG. 5 illustrates Rpl pili are essential for R. equi
lung colonization in mice as demonstrated using a novel in
vivo lung infection model in mice developed by the inventors.
It is based on a competitive virulence assay in which each
mouse receives an intranasal inoculum containing 50% of
wild-type (WT) R. equi bacteria and 50% of mutant (ArplB)
R. equi bacteria. t=0 means 60 min after delivery of the
intranasal inoculum.

[0114] FIG. 6 illustrates production in rabbits of a specific
antibody against the putative R. equi pilin subunit (RplB). (A)
Amino acid sequence of putative RplB prepilin and of the
C-terminal peptide used to raise a rabbit polyclonal antibody
(boxed). Arrowhead indicates putative cleavage site of the
prepilin. (B) Immunodetection of the RpIB pilin by SDS-
PAGE western blot analysis of whole cell extracts of wild-
type R. equi (WT), an isogenic in-frame deletion rplB mutant
(ArplB), the rplB-complemented mutant (ArplB+rplB), and a
mock-complement mutant (ArplB+vector), using the anti-
RpIB peptide antibody (diluted 1:1,000; secondary antibody,
alkaline phosphatase-conjugated mouse anti-rabbit mono-
clonal antibody, 1:10,000 diluted; reaction revealed with
NBT/BCIP substrate. The anti-Rpl antibody specifically
detects the Rpl pilin subunit in WT and re-completed rpl
mutant, not in the apiliated rpl mutant and mock-comple-
mented mutant. (C) Detection of Rpl pili productionin R. equi
by immunofluorescence using the anti-RplB peptide anti-
body and the same bacteria as in (B) (630x magnification,
Leica AF6000 microscope).

[0115] FIG. 7 illustrates Inhibition of R. equi attachment to
(A) macrophages and (B) epithelial cells by an anti-RplB
antibody. Prior to the adhesion assay, the antibody raised
against the RplB (pilin subunit) peptide (see FIG. 6A) was
incubated for 60 min at37° C. (40 ul/ml of a suspensionin cell
culture medium of exponentially grown R. equi bacteria at a
density calculated for a multiplicity of infection of 15:1). As
a control, the R. equi bacterial cell suspension was pre-incu-
bated with an irrelevant antiserum (anti-Listeria monocyto-
genes rabbit polyclonal antibody).

[0116] FIG. 8 illustrates RplB pilin antigens are recognized
in vivo and elicit a strong antibody response in naturally
infected foals. Representative example of the reactivity
against the Rpl pilin of horse sera from bacteriologically
confirmed cases of foal pneumonia, as determined by SDS-
PAGE western blot analysis with whole cell extracts of wild-
type R equi (WT) and the isogenic ArplB mutant. All conva-
lescent sera tested to date gave a strong reaction against the
RpIB pilin antigen whereas normal (non-case) sera did not.
The Rpl pili dissociate into 18 kDa polypeptides that prob-
ably correspond to SDS-resistant homo-tetramers (predicted
molecular mass of RplB pilin, 4.95 kDa) that remain non-
covalently bound by strong monomer-monomer interactions
via the N-terminal hydrophobic region of the pilin subunit.
(A) indicates RplB is the first antigen detected in a curde R.
equi protein preparation by the antibodies present in case
sera.

[0117] FIG. 9 illustrates variability of RplB amino acid
sequence in R. equi strains and of other Rpl proteins.

[0118] FIG. 10 illustrates the nucleotide sequences encod-
ing Rpl proteins of other strains of R. equi.

DETAILED DESCRIPTION OF THE INVENTION

[0119] As indicated above, the inventors have identified
polypeptides which play an important role in virulence of R
equi and have used this knowledge to identify polypeptides
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which can be used to mediate an immune response in infected
subjects, particularly horses, and in particular foals. Whilst
the amino acid sequences of the polypeptides determined for
the identified strain are noted, as will be understood, biologi-
cally active immunogenic fragments, derivatives or variants
of such a polypeptide can also be used. As discussed variant
polypeptides can comprise amino acid percent identity with
the amino acid sequences disclosed herein. Alternatively,
polypeptides of the invention may be encoded by variant
nucleic acid sequences which have nucleotide percent iden-
tity with the polynucleotide sequences disclosed herein.
[0120] The percent identity of two or more sequences may
be determined by visual inspection and mathematical calcu-
lation. Alternatively, the percent identity of two nucleic acid
sequences can be determined by comparing sequence infor-
mation using the GAP computer program, version 6.0
described by Devereux et al. (Nucl. Acids Res. 12:387,1984)
and available from the University of Wisconsin Genetics
Computer Group (UWGCG). The preferred default param-
eters for the GAP program include: (1) a unary comparison
matrix (containing a value of 1 for identities and O for non-
identities) for nucleotides, and the weighted comparison
matrix of Gribskov and Burgess, Nucl. Acids Res. 14:6745,
1986, as described by Schwartz and Dayhoff, eds., Atlas of
Protein Sequence and Structure, National Biomedical
Research Foundation, pp. 353-358, 1979; (2) a penalty of 3.0
for each gap and an additional 0.10 penalty for each symbol in
each gap; and (3) no penalty for end gaps. Other programs
used by one skilled in the art of sequence comparison may
also be used.

[0121] Polypeptides of the invention may be prepared by
any of a number of conventional techniques. A nucleic acid
encoding a peptide or a biologically active immunogenic
fragment, derivative, or variant thereof, may be subcloned
into an expression vector for production of the polypeptide or
fragment. The DNA sequence advantageously is fused to a
sequence encoding a suitable leader or signal peptide and/or
a promoter operable in a cell into which the nucleic acid is to
be introduced. Alternatively, the desired fragment may be
chemically synthesized using known techniques. DNA frag-
ments also may be produced by restriction endonuclease
digestion of a full length cloned DNA sequence, and isolated
by electrophoresis on agarose gels. If necessary, oligonucle-
otides that reconstruct the 5' or 3' terminus to a desired point
may be ligated to a DNA fragment generated by restriction
enzyme digestion. Such oligonucleotides may additionally
contain a restriction endonuclease cleavage site upstream of
the desired coding sequence, and position an initiation codon
(ATG) at the N-terminus of the coding sequence.

[0122] Polymerase chain reaction (PCR) procedure also
may be employed to isolate and amplify a DNA sequence
encoding a desired polypeptide fragment. Oligonucleotides
that define the desired termini of the DNA fragment are
employed as 5' and 3' primers. The oligonucleotides may
additionally contain recognition sites for restriction endonu-
cleases, to facilitate insertion of the amplified DNA fragment
into an expression vector. PCR techniques are described in
Saiki et al., Science 239:487 (1988); Recombinant DNA
Methodology, Wu et al., eds., Academic Press, Inc., San
Diego (1989), pp. 189-196; and PCR Protocols: A Guide to
Methods and Applications, Innis et al., eds., Academic Press,
Inc. (1990).

[0123] The invention encompasses polypeptides and bio-
logically active immunogenic fragments, derivatives, or vari-
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ants thereof in various forms, including those that are natu-
rally occurring or produced through various techniques such
as procedures involving recombinant DNA technology. For
example, nucleotides encoding polypeptides of the invention
can be derived from SEQIDNO 1,2,3,4,5,6,7,8,0r9 by
in vitro mutagenesis, which includes site-directed mutagen-
esis, random mutagenesis, and in vitro nucleic acid synthesis.
Such forms include, but are not limited to, derivatives, vari-
ants, and oligomers, as well as fusion proteins or fragments
thereof.

Polypeptide Derivatives

[0124] Embodiments of a derivative of a polypeptide of the
invention can comprise one or more non-naturally occurring
amino acids or amino acid analogs, including non-genetically
encoded [-amino acids, synthetic L.-amino acids or D-enan-
tiomers of an amino acid. Suitably, embodiments of a deriva-
tive can comprise one or more residues selected from the
group consisting of: hydroxyproline, p-alanine, 2,3-diamino-
propionic acid, a-aminoisobutyric acid, N-methylglycine
(sarcosine), ornithine, citrulline, t-butylalanine, t-butylgly-
cine, N-methylisoleucine, phenylglycine, cyclohexylalanine,
norleucine, naphthylalanine, pyridylananine 3-benzothienyl
alanine  4-chlorophenylalanine,  2-fluorophenylalanine,
3-fluorophenylalanine,  4-fluorophenylalanine,  penicil-
lamine, 1,2,3,4-tetrahydrotic isoquinoline-3-carboxylic acid
[p-2-thienylalanine, methionine sulfoxide, homoarginine,
N-acetyl lysine, 2,4-diamino butyric acid, p-aminophenyla-
lanine, N-methylvaline, homocysteine, homoserine, e-amino
hexanoic acid, 8-amino valeric acid, 2,3-diaminobutyric acid
and mixtures thereof. Other amino acid residues that are
useful for making the polypeptides and polypeptide deriva-
tives described herein can be found, e.g., in Fasman, 1989,
CRC Practical Handbook of Biochemistry and Molecular
Biology, CRC Press, Inc., and the references cited therein.

[0125] In embodiments, derivatives of polypeptides of the
invention can also comprise an isostere of a polypeptide. The
term “isostere” as used herein is intended to include a chemi-
cal structure that can be substituted for a second chemical
structure because the steric conformation of the first structure
fits a binding site specific for the second structure. The term
specifically includes peptide back-bone modifications (i.e.,
amide bond mimetics) known to those skilled in the art. Such
modifications include modifications of the amide nitrogen,
the a-carbon, amide carbonyl, complete replacement of the
amide bond, extensions, deletions or backbone crosslinks.
Several peptide backbone modifications are known, includ-
ing Y[CH2S], y[CH2NH], [CSNH2], [NHCO],
Y[COCH2], and [ (E) or (Z) CH—CH]. In the nomenclature
used above, 1 indicates the absence of an amide bond. The
structure that replaces the amide group is specified within the
brackets. Other modifications include, for example, an
N-alkyl (or aryl) substitution (Y[CONR]), or backbone
crosslinking to construct lactams and other cyclic structures.
In another example, a polypeptide derivative may be a retro-
peptide analog. A retro-peptide analog comprises a reversed
amino acid sequence of a polypeptide described herein. For
example, a retro-peptide analog of a polypeptide comprises a
reversed amino acid sequence of a sequence set forth in any
oneof SEQIDNO 10, 11,12, 13,14, 15,16,17, 18,19, or 20.
Retro-inverso polypeptides may be complete or partial. Com-
plete retro-inverso peptides are those in which a complete
sequence of a polypeptide described herein is reversed and
the chirality of each amino acid in a sequence is inverted,
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other than glycine, because glycine does not have a chiral
analog. Partial retro-inverso polypeptides are those in which
only some of the peptide bonds are reversed and the chirality
of only those amino acid residues in the reversed portion is
inverted. For example, one or two or three or four or five or
more than 10, more than 20, more than 30, more than 40 or
more than 50 amino acid residues are D-amino acids. Suitably
a polypeptide of and for use in the present invention may be
further modified using at least one of C and/or N-terminal
capping, and/or cysteine residue capping. Suitably, a
polypeptide of and for use in the present invention may be
capped at the N terminal residue with an acetyl group. Suit-
ably, apolypeptide of and for use in the present invention may
be capped at the C terminal with an amide group. Suitably,
thiol groups of cysteines of polypeptides of the invention may
be capped with acetamido methyl groups. In embodiments,
the term derivative can include scrambled polypeptides com-
prising immunodominant epitopes of the rpl encoded pilus
for example fragments of SEQ ID NOs 10, 11, 12,13, 14,15,
16, 17, 18, 19 or 20. In embodiments derivatives can be
encoded by rpl genes or fragments thereof which encode
immunodominant epitopes of Rpl pilus provided in tandem,
or as longer repeat stretches, for example concatemerized, to
increase the immunogenicity of the encoded polypeptides. In
embodiments, combinations of polypeptides of the invention
(and corresponding nucleic acid sequences) can be fused in a
single polypeptide.

Polypeptide Synthesis

[0126] A polypeptide or a biologically active immunogenic
fragment, derivative, or variant thereof may be synthesized
using any suitable chemical method known to the person
skilled in the art. For example, synthetic peptides can be
prepared using known techniques of' solid phase, liquid phase,
or peptide condensation, or any combination thereof, and can
include natural and/or unnatural amino acids. Amino acids
used for peptide synthesis may be standard Boc (Na-amino
protected Na-t-butyloxycarbonyl) amino acid resin with the
deprotecting, neutralization, coupling and wash protocols of
the original solid phase procedure of Merrifield, J. Am.
Chem. Soc., 85:2149-2154, 1963, or the base-labile
Na-amino protected 9-fluorenylmethoxycarbonyl (Fmoc)
amino acids described by Carpino and Han, J. Org. Chem.,
37:3403-3409, 1972. Both Fmoc and Boc Na-amino pro-
tected amino acids can be obtained from various commercial
sources, such as, for example, Fluka, Bachem, Advanced
Chemtech, Sigma, Cambridge Research Biochemical,
Bachem, or Peninsula Labs.

[0127] Generally, chemical synthesis methods comprise
the sequential addition of one or more amino acids to a grow-
ing peptide chain. Normally, either the amino or carboxyl
group of the first amino acid is protected by a suitable pro-
tecting group. The protected or derivatized amino acid can
then be either attached to an inert solid support or utilized in
solution by adding the next amino acid in the sequence having
the complementary (amino or carboxyl) group suitably pro-
tected, under conditions that allow for the formation of an
amide linkage. The protecting group is then removed from the
newly added amino acid residue and the next amino acid
(suitably protected) is then added, and so forth. After the
desired amino acids have been linked in the proper sequence,
any remaining protecting groups (and any solid support, if
solid phase synthesis techniques are used) are removed
sequentially or concurrently, to render the final polypeptide.
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By simple modification of this general procedure, it is pos-
sible to add more than one amino acid at a time to a growing
chain, for example, by coupling (under conditions which do
notracemize chiral centers) a protected tripeptide with a prop-
erly protected dipeptide to form, after deprotection, a pen-
tapeptide. See, e.g., J. M. Stewart and J. D. Young, Solid
Phase Peptide Synthesis (Pierce Chemical Co., Rockford, Ill.
1984) and G. Barany and R. B. Merrifield, The Peptides:
Analysis, Synthesis, Biology, editors E. Gross and J. Meien-
hofer, Vol. 2, (Academic Press, New York, 1980), pp. 3-254,
for solid phase peptide synthesis techniques; and M. Bodan-
sky, Principles of Peptide Synthesis, (Springer-Verlag, Berlin
1984)and E. Gross and J. Meienhofer, Eds., The Peptides:
Analysis. Synthesis. Biology, Vol. 1, for classical solution
synthesis. Typical protecting groups include t-butyloxycar-
bonyl (Boc), 9-fluorenylmethoxycarbonyl (Fmoc) benzy-
loxycarbonyl (Cbz); p-toluenesulfonyl (Tx); 2,4-dinitrophe-
nyl; benzyl (Bzl); biphenylisopropyloxycarboxy-carbonyl,
t-amyloxycarbonyl, isobornyloxycarbonyl, o-bromobenzy-
loxycarbonyl, cyclohexyl, isopropyl, acetyl, o-nitrophenyl-
sulfonyl and the like.

[0128] Typical solid supports are cross-linked polymeric
supports. These can include divinylbenzene cross-linked-sty-
rene-based polymers, for example, divinylbenzene-hy-
droxymethylstyrene copolymers, divinylbenzene-chlorom-
ethylstyrene copolymers and divinylbenzene-
benzhydrylaminopolystyrene copolymers.

[0129] A peptide or a biologically active immunogenic
fragment, derivative, or variant thereof as described herein
according to any embodiment can also be chemically pre-
pared by other methods such as by the method of simulta-
neous multiple peptide synthesis. See, e. g., Houghten Proc.
Natl. Acad. Sci. USA 82: 5131-5135, 1985 or U.S. Pat. No.
4,631,211.

Recombinant Polypeptide Production

[0130] Alternatively, or in addition, a peptide or a biologi-
cally active immunogenic fragment, derivative, or variant
thereof can be produced as a recombinant protein. To facili-
tate the production of a recombinant polypeptide, nucleic acid
encoding the same is preferably isolated or synthesized. Typi-
cally the nucleic acid encoding the recombinant protein is/are
isolated using a known method, such as, for example, ampli-
fication (e.g., using PCR or splice overlap extension) or iso-
lated from nucleic acid from R. equi using one or more restric-
tion enzymes or isolated from a library of nucleic acids.
[0131] Methods for such isolation will be apparent to the
ordinary skilled artisan and/or described in Ausubel et al (In:
Current Protocols in Molecular Biology. Wiley Interscience,
ISBN 047 150338, 1987), Sambrook et al (In: Molecular
Cloning: Molecular Cloning: A Laboratory Manual, Cold
Spring Harbor Laboratories, New York, Third Edition 2001).
[0132] For expressing protein by recombinant means, a
protein-encoding nucleic acid is placed in operable connec-
tion with a promoter or other regulatory sequence capable of
regulating expression in a cell-free system or cellular system.
For example, nucleic acid comprising a sequence that
encodes a polypeptide of the pili of R. equi is placed in
operable connection with a suitable promoter and maintained
in a suitable cell for a time and under conditions sufficient for
expression to occur.

[0133] A number of other gene construct systems for
expressing a nucleic acid of a gene selected from Table 1 or
Table 2 in bacterial cells are well-known in the art and are
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described for example, in Ausubel et al (In: Current Protocols
in Molecular Biology. Wiley Interscience, ISBN 047 150338,
1987), and Sambrook et al (In: Molecular Cloning: Molecular
Cloning: A Laboratory Manual, Cold Spring Harbor Labora-
tories, New York, Third Edition 2001).

[0134] A wide range of additional host/vector systems suit-
able for expressing a polypeptide of the present invention are
available publicly, and described, for example, in Sambrook
et al (In: Molecular cloning, A laboratory manual, second
edition, Cold Spring Harbor Laboratory, Cold Spring Harbor,
N.Y., 1989).

[0135] Following expression of a polypeptide, isolation
and purification of the polypeptide may be accomplished by
any suitable technique, as would be known in the art.

Compositions

[0136] A polypeptide or a biologically active immunogenic
fragment, derivative, or variant thereof may be administered
alone, but will preferably be administered as a pharmaceuti-
cal composition, which will generally comprise a suitable
pharmaceutically acceptable excipient, diluent or carrier
selected depending on the intended route of administration.
Examples of suitable pharmaceutical carriers include; water,
glycerol and ethanol.

[0137] Theterm “carrier or excipient” as used herein, refers
to a carrier or excipient that is conventionally used in the art
to facilitate the storage, administration, and/or the biological
activity of an active compound. A carrier may also reduce any
undesirable side effects of the active compound. A suitable
carrier is, for example, stable, e.g., incapable of reacting with
other ingredients in the formulation. In one example, the
carrier does not produce significant local or systemic adverse
effect in recipients at the dosages and concentrations
employed for treatment. Such carriers and excipients are gen-
erally known in the art. Suitable carriers for this invention
include those conventionally used, e.g., water, saline, aque-
ous dextrose, and glycols are preferred liquid carriers, par-
ticularly (when isotonic) for solutions. Suitable pharmaceu-
tical carriers and excipients include starch, cellulose, glucose,
lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
magnesium stearate, sodium stearate, glycerol monostearate,
sodium chloride, glycerol, propylene glycol, water, ethanol,
and the like.

[0138] Pharmaceutical composition adapted for oral
administration may be presented as discrete units such as
capsules, soft gels, or tablets; powders or granules; solutions
or suspensions in aqueous or non-aqueous liquids; edible
foams or whips; or oil-in-water liquid emulsions or water-in-
oil liquid emulsions.

[0139] Pharmaceutical compositions provided as formula-
tions adapted for parenteral administration include aqueous
and non-aqueous sterile injection solutions which contain a
polypeptide or a biologically active immunogenic fragment,
derivative, or variant thereof or a antibody of the invention
and optionally, buffers, bacteriostats and solutes which render
the formulation isotonic with the blood of the intended recipi-
ent; and aqueous and non-aqueous sterile suspensions which
may include suspending agents and thickening agents. The
formulations may be presented in unit-dose or multi-dose
containers, for example sealed ampules and vials, and may be
stored in a freeze-dried (lyophilized) condition requiring only
the addition of the sterile liquid carrier, for example water for
injections, immediately prior to use. Extemporaneous injec-
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tion solutions and suspensions may be prepared from sterile
powders, granules and tablets.

Administration

[0140] As will be appreciated by a person of skill in the art,
selecting an administration regimen for a therapeutic compo-
sition or vaccine of the invention depends on several factors,
including the serum or tissue turnover rate of a polypeptide of
the invention or an antibody invention, the level of symptoms,
the immunogenicity of the polypeptide, and the accessibility
of the target cells in the biological matrix. Preferably, an
administration regimen maximizes the amount of therapeutic
compound delivered to the subject consistent with an accept-
ablelevel of side effects. Accordingly, the amount of polypep-
tide, antibody or composition delivered depends in part on the
polypeptide, antibody or composition and the severity of the
condition being treated.

[0141] A polypeptide or antibody can be provided, for
example, by continuous infusion, or by doses at intervals of,
e.g., one day, one week, or 1-7 times per week. A preferred
dose protocol is one involving the maximal dose or dose
frequency that avoids significant undesirable side effects. A
total weekly dose depends on the type and activity of the
compound being used. Determination of the appropriate dose
is made by a veterinarian or clinician, for example using
parameters or factors known or suspected in the art to affect
treatment or predicted to affect treatment.

EXAMPLES
Example 1

[0142] Using electron microscopy and other microscopical
techniques we demonstrated that R. equi produces long, thick
and apparently rigid pili appendages, typically between two
and four per bacteria cell (FIG. 1 panels BC).

Example 2

Genome Sequencing

[0143] Genome sequencing of the complete genome
sequence of R. equi strain 103S was determined in an inter-
national collaborative venture. The genome has just over 5
million base pairs and encodes 4598 genes of average length
value 1009 pairs of nucleotides.

Example 3

[0144] Demonstration that the rpl (R. equi pili) locus
(nucleotide positions 1,938,280 to 1,947,152, locus tags
REQ18350-430) encodes the R. equi pilus by targeted mutant
construction and genetic re-complementation analysis.

[0145] An in-frame deletion mutant was constructed in the
rplB gene putatively encoding the Rpl pilin subunit (RplB).
Homologous recombination methodology previously
devised (Navas et al. 2001, Identification and mutagenesis by
allelic exchange of choE, encoding a cholesterol oxidase
from the intracellular pathogen Rhodococcus equi. J. Bacte-
riol. 183: 4796-4805), and a novel suicide vector, pSelAct, for
positive selection of double recombinants on 5-fluorocy-
tosine (5-FC) (van der Geize et al. 2008, A novel method to
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generate unmarked gene deletions in the intracellular patho-
gen Rhodococcus equi using S-fluorocytosine conditional
lethality. Nucleic Acids Res. 36: el 51) was used in this
approach. The ArplB mutant was complemented by stably
inserting the rplB gene plus corresponding promoter region
into the R. equi chromosome using the integrative vector
pSET152 (Hong and Hondalus 2008, Site-specific integra-
tion of Streptomyces PhiC31 integrase-based vectors in the
chromosome of Rhodococcus equi. FEMS Microbiol. Lett.
287: 63-68). As shown in FIG. 2, the inactivation of the rplB
gene results in loss of pili formation by R. equi. Pili formation
is restored upon reintroduction of the rplB gene in the ArplB
mutant but not by complementation with an empty vector,
demonstrating that rplB is a gene directly responsible for the
piliated phenotype.

Example 4

[0146] Demonstration that the R. equi pili mediate attach-
ment to mammalian cells.

[0147] The ArplB mutant was tested in adhesion assays
using monolayers of two cell types relevant to R. equi infec-
tion: epithelial cells to which the pathogen have to adhere to
during the initial stages of lung colonization, and macroph-
ages, which are used as host cells for bacterial intracellular
replication. The rplB mutant was severely impaired in attach-
ment to both eukaryotic cell types, and its complementation
with the rplB gene but not an empty vector restored wild-type
cytoadhesiveness (FIG. 3).

[0148] Two additional mutants were constructed in rplA
and rplE (FIG. 1A) and they also caused a significant reduc-
tion of R. equi cytoadhesiveness (FIG. 4), indicating that
other genes from the rpl locus are involved in pilus-mediated
attachment to eukaryotic cells (not shown).

Example 5

[0149] Demonstration that the R. equi pili are essential for
lung colonization in vivo in a mouse model of R. equi infec-
tion.

[0150] A novel in vivo model of competitive R. equi lung
infection in mice was developed and used to test the virulence
of the rplB mutant in comparison to rplB-proficient (wild-
type) bacteria. R. equi wild-type and an isogenic rplB knock-
out mutant in equal amounts were inoculated intranasally to
Balb/c mice. At specific time points after infection, the bac-
terial population was determined in lungs and tracheas to
assess airway colonisation. The spleens were also analysed to
determine the capacity of the bacteria to overwhelm local
defences and spread deeper into host tissues. FIG. 4 shows
that the mutant, initially accounting for 50% of the inoculum,
was only detectable—in much less proportion—during the
two first time points sampled (0 and 24 hour post inoculation),
indicating that apiliated bacteria are immediately cleared
from the lungs and thus substantially less virulent. In the first
time point, only a very small fraction of the bacteria that
translocated to the spleen were mutants. These data indicate
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that a wild-type capacity to attach to host cells via the Rpl pili
is essential for host colonisation by R. equi.

Example 6

[0151] Demonstration that the RplB (putative pilin subunit)
protein is antigenic in vivo in rabbits.

[0152] The synthetic RpIB peptide indicated in FIG. 6A
was used to hyperimmunize rabbits. The antiserum specifi-
cally detected the RplB pilin subunit in whole cell extracts of
R. equi (FIG. 6B) and the production of Rpl pili in R. equi by
immunofluorescence (FIG. 6C), indicating that it is immuno-
genic in vivo in rabbits.

Example 7

[0153] Demonstration that RpIB elicits neutralizing anti-
bodies that inhibit R. equi attachment.

[0154] The rabbit hyperimmune anti-RplB antiserum was
used in attachment-inhibition assays in HelLa epithelial cells
and J774A.1 macrophages. FIG. 7 shows that the RplB anti-
serum, but not an irrelevant antiserum, inhibited R. equi
cytoadhesion. Given the key role of the Rpl pili in lung colo-
nization by R. equi (F1G. 4), these data indicate that RpIB is a
vaccine target to prevent lung infection by the pathogen.
[0155] This is evidence that indicates that the pilin subunit
RpIB is recognised by the immune system in vivo and the
animal body mounts a specific immune response with pro-
duction of specific antibodies to the R. equi pilin subunit
RplIB. As the polyclonal antiserum containing anti-RplB anti-
bodies inhibits attachment of R. equi to monolayers of Hel.a
epithelial cells or J774 macrophages if added to the infection
assays, which effect is not seen if the Rpl antiserum is not
added, or if an unrelated control antiserum raised against
other bacteria (e.g. Listeria) is used, this indicates a protective
function of the antibodies through inhibition of bacterial
attachment to host cells, the first phase of host colonisation
during infection.

Example 8

[0156] Demonstration that the RplB putative pilin subunit
is an immunodominant antigen in naturally infected foals.
[0157] Using SDS-PAGE western immunoblotting and
whole-cell extracts from wild-type and rplB (apiliated) dele-
tion mutant bacteria, it was shown that the sera from natural
cases of R equi infection in foals contain antibodies to the
RpIB putative pilin subunit (FIG. 8). The RplB protein is the
first detected in the crude R. equi protein preparation by the
antibodies present in the case sera. Thus, the RplB pilin
subunit is recognized in vivo by the foal’s immune system
during R. equi infection and is an immunodominant antigen.
Normal, non-case sera did not react against the RplB protein,
indicating that this antigen provides a suitable maker for the
early detection and diagnosis of R. equi infection in foals.
[0158] Although the invention has been particularly shown
and described with reference to particular examples, it will be
understood by those skilled in the art that various changes in
the form and details may be made therein without departing
from the scope of the present invention.
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<160>

<210>
<211>
<212>
<213>

<400>

SEQUENCE LISTING

NUMBER OF SEQ ID NOS: 73

SEQ ID NO 1

LENGTH: 702

TYPE: DNA

ORGANISM: Rhodococcus equi

SEQUENCE: 1

gtgatcgteg cagegggcegt cggegecgea

aacagtgcga tcgaccgegt gegectggag

accggctcaa ccecgecgece ceecteccect

atcgacacca tcacgecgacg acacgacatce

acggcectee tgttegtegg gatcactete

acaccggect atctettgea aacggetgece

cgtattegee tgectttecag tgggttecegt

ctagcectga tctatecegge cggcatgggg

ggcgeegtee tegectacct gtegtacgge

ctggtggecg cactegtegg cctgatcate

acgattcect tcgggecgta catgattgeg

cegetggege gegegtatet ggactgggece

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 2

LENGTH: 207

TYPE: DNA

ORGANISM: Rhodococcus equi

SEQUENCE: 2

atgaacctct tcttegegaa cctgtaccte

cgtgacgace gcggegecac tgeggtegag

gtgatcattg ttgcggtttt cgccttegge

aacttcgacyg atcceggegg cgagtag

<210>
<211>
<212>
<213>

<400>

SEQ ID NO 3

LENGTH: 402

TYPE: DNA

ORGANISM: Rhodococcus equi

SEQUENCE: 3

atgaagcgee tcacttccga ttcaggggte

atcctgatca cactggtect cggeategtg

geggtcageg ctgctgeceg cgagggtgea

geggegegtg ctgecgtgaa gggcegeggge

atctgcatca gcactteggg aacgcaggge

accgtgacge tcacggtcag ctatccacte

ccgacgctca ceggcacggg ggtcatgega

<210>

SEQ ID NO 4

ctcectgggta

accgegtgeyg

gegteegegyg

agtgccegec

cgtetegeey

gaacttccte

cgtgcegtte

ttcggecgacy

acattgcteg

ctggtcacce

geggecateg

geegeggect

tcctegeegy

ccgagecgaa

tagccacceyg

gegtgetegt

ctcteggtet

gtcegtacegt

tgttcggggt

tcaaacttge

thgggCgtt

gtegeggteg

ttgcgatect

ga

ggcegttegeg
gtcgacccce
gatcgegatg
cgaactcgca
tcteceggea
cgtacccgat
ctacttcgta
cggegteate
tctegegtte
gatcgggace

ggcggccgat

atgggcttag acgtcaagga ccgtetgacce

tacggactga tggtcgecgyg catcgegatg

gataagatta ccgacctctt cgatggette

gecgecagteg
gagtteggte
cggacgatgg
gtgttcagte
tgttcggcaa
gagtacatga

tgcggtgggt

aattcgetet

ggggttacaa

cgatcaagaa

cggcgatcac

cgtegtgtec

cgggactett

ga

cgtegttecy
cgtccagaac
ggatceggeg
cgatgcggag
gagcggaagt

tcceggtaag

60

120

180

240

300

360

420

480

540

600

660

702

60

120

180

207

60

120

180

240

300

360

402
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<211> LENGTH: 945
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 4
atgtcgaatyg acgagcgegg ggtegtegee gtgetegttg cgatcctecat ggtegtgete 60
ctgggatgtyg ctgcgatcte ggtcgacate ggtgegaact atgtcgtcaa acgtcagttg 120
cagaacgggyg ccgatgegge tgegetegee gtagetcagg aatccagttyg caaggcagga 180
tctteegect catcegtgte gagecttgte caggegaacg tcaacagete gteggetgca 240

agtgcggegyg tgatcgacgg tgtgaagegg aaggtgacgg tcactgegte ggeggtgggt 300

gacgacggcee tegecggcecg gaggaacgtg ttegeteegg tectceggagt cgaccgcage 360
gagatctegyg cgtcectgcgac tgcaagetge gtgtttecce teggggggac cgeggaactce 420
cegetcacgt tccacaagtg ccatttecgac gaatcccgea gtetggacgt gaagatccte 480
gtegectaca acgtgacgge gccgegetge aatggaacct cgggaaatgce ggcaccggge 540
aatttecgget ggctgcaggg ggcgaacggt cgatgccegyg cgaagatcga cgcecgecgte 600
tacgcaacac cgggcgacac cggtaacaac attccgggge cgtgcaagga caccatcaag 660
cagtttcaga atgcegtegt gegggtecceg atctacgacyg tcegcaggtgyg aaccggaagce 720
ggtggatggt ttcacgtcgt cggtttggcet gecttcaaga ttcagggcta ceggetgage 780
ggcaacceygyg agttcaactg gaacaacgat gttcacgggg cgctgagttg caccggcage 840
tgtcgeggea tcatcggcac cttcegtgaag attgtcagece tcegattcegga tctgacgecyg 900
ggagggatcg atttcggcgt gagtacgatc agcttgcteg attag 945

<210> SEQ ID NO 5

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 5

ttgagaacce gaatcattge tgcgatctgt gegategtte tegeggtege gggaacccte 60
gecctgatet cgtatgtacg cggggcecgat geccgegecoe tggegggtac acgcaccegte 120
gatgtgcteg tcgccgatca gacgattceg aagaacacte ccgetgatte getegtggga 180
atggttgtgg tcaagaaact tccggaaatg geggtgetac cegategggt gaccagtcete 240
gaccaactgt ccggcaaggt cgcgctgacce gacctectge ctggegaaca actggteteg 300
gegegatteg tcgaccegge gaccgeccga agtcaggacce agggaggaat ccccgagggg 360
atgcaggagg tgacggttet tctegagecg caacgegcac tgggaggeca catcgegteg 420
ggcgataccg tcggegtett catgtectte tegecgeceg tcaagaacta cgaaacacat 480
ctgagattge agaaagtgeg agtcacgegg gtcecagggaa cgttctccaa cgecgacgaa 540
ggggattcegg ccacggtcga ctegtegeeg agecctgete ccaccgagge ctttetegte 600

tegetggegyg tcegacgtgcee gatggeggag cgegtegttt tegecgegga gcacgggace 660
atctggettt ccaatgagcce gecgagtteg aacgaggecg gggcatcegt ggtctecceg 720
gaaggagtgt tccgatga 738
<210> SEQ ID NO 6

<211> LENGTH: 1200
<212> TYPE: DNA
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<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 6
atgagccgca tegtectget gaccgatege gacgattteg cecgeegegt gtaccacgece 60

geggacggea accttetggt gttgeeggeg cageceggtte ceecgggggece ggegeagttg 120
gtcgggeteg gegtgaccgt gcaaccagaa gttctegtte teggtecgga cgtgecggaa 180
gtggagggce tctcectege cggecggate gatcattega cgeccggeac cacggtggtt 240
ctggccagtyg atgegggeac cgacgtgtgg ttgegggega tgegegeegg cgtgegggac 300
gtgatgtcge cggaggcgga gatcgeggac gttegtgegg tactegateg agegggecag 360

gecgecactgg cgegacgtca gggggcgagt gcaccggegg agcagcatge ggttcaaggg 420

aaggtcatcg tggtegegte gecgaaagge ggaaccggaa agaccacegt tgcgacgaat 480
cttgcagtag gactegegge ggcagegect cactegacgg tgttggtgga cctcegacgtg 540
cagttcegggyg acgttgecag tgctctecag ttggtteegg aacattgect gaccgacgece 600
gtcgegggee cggccageca ggacatgate gtectcaaga cegtectgac accccattec 660
acaggactge atgcgetgtg tgggteggac tegecegegg cgggegacag catcaccegge 720
gagcaggtga gcactctget gacgcagttyg geggccgaat tccggtacgt ggtegtegac 780
accgegecceg gtttgetega acacaccetyg geggegeteg accttgetac cgacgtegtg 840
ttggtgtegyg gtatggacgt geccagegte cgegggatge acaaggaact gcaattgetg 900
acggagctga atctgggtece ggtegtgegg catgtegtge tcaactttge ggatcgacge 960

gaggggctga cggtccagga catccagaac accategggg tcecccgecga tatcgtgatce 1020
aagcgctcga aagccgttge cctcectcegacg aaccgggggg ttccactget tcagaacccg 1080
ggtcgggatc gcactgcgaa agagttgtgg cgactcgteg gecgtatcga tcecggctecce 1140
gataccgceca agggtggacg cgcgeggcat cgggcageceg aggceggtggg tgcgaaatga 1200
<210> SEQ ID NO 7

<211> LENGTH: 1398

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 7

atgagactgt cccaacggcet cgaggeegtyg cgeggageeg cacccgtega agecgecgca 60
ccgatccege cggggaagca ggggaaggeg aaaacgtcece tecctecgge cgacgetcete 120
gecgaactga aggaccgtge gagtgeggece ctgtacacce ggatcggcac ccgettcaac 180
gactcctegt tgagcgagga gcaactgcat ctectggtee gtgaggaact ggecgaaatc 240
gtggagcagg agacgacgcc actcacctte gacgaacgge agegectget cegtgaggtt 300
gecgacgagg tactggggca cggaccgcte cageggctac tggaggaccce gteggtcacce 360
gagatcatgg tcaacagcca cgacatggte tacgtcgage gggacggcac cctegtecge 420
agctcegege gattegegga cgaggegeac ctgegtegeg tgatcgaacg catcegtttece 480
geegteggte gacggatcga cgaategtee cegetegtgg atgcacgett ggeggatgge 540
tccegtgtca acgeggtgat cccaccgete geattcaacg getecteget caccattcega 600
aagttctcga aagatcegtt ccaggtegac gatctcateg cetteggeac tcetcetegeac 660

gagatggceg aactgctcga cgegtgtgtyg caggcegcegac tgaacgtcat cgteteggge 720
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ggcacgggca cggggaagac gacgctgctc aacgtgctct cgtcegttcat tccggaaggg 780
gagcggatcg tcaccatcga ggacgccgtg gaactgcaac ttcagcagga ccacgtcgta 840
cggttggaga gccgaccgcce gaacatcgag ggcaagggtg ccgtcaccat cecgegacctg 900

gtgcggaact cgetgegtat gegtcccgac cgcategtgg tgggggagtyg tegeggagge 960
gagagtctcg acatgctgca agcgatgaac accggtcacg acgggtcgcet gtcgacggtg 1020
catgcgaatt cgccccgtga cgccatcgceg cgcettggaga cgctegtgtt gatggcecggce 1080
atggacctgce cgttgcgggce gatccgggag cagattgcett cggcggtcga cgtgatcgtg 1140
cagctcacte gactacgtga cggcactegg cgagtgacee acgtgaccega ggtccaggge 1200
atggagggtg agatcgtcac cctgcaggat gccttceccetgt tcgactacag cgccggcgte 1260
gacgcgegeg ggcegattect cggcagacceyg cagecgacceg gagtgeggeco geggttceacce 1320
gacagattcc gagatctcgg tattgectttg tcgccgagtg tttteggggt gggagaaccce 1380

tceecggggge gggtatga 1398

<210> SEQ ID NO 8

<211> LENGTH: 1869

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 8

atgagccggt gegtggtgge cgtegtgete geecteggtg cgggtgttet gggaattcece 60
geegtageceyg cggeggcecga ggaggcetgte caggtctegg cggtegacac gacceggttt 120
ccegacateg aggtgtecat cctegegeceg cceggtateg aagggcagge gatcgatceg 180

ggaacgttcg cgctcaccga gggeggegtyg cegcgagaga tcgaggtcag geageagecg 240

ggttcecgage aggacatcgt getegcaatce gacgtgtceeg ggggcatgte gggtecggeg 300
ctggacgacyg tgaagegege cgcatcggat ttegtgegge aggegecgge cggegeccac 360
atcggaatcg tcgcgatcte gtecgacgeca caggtgetet cggaactgac gacggactcece 420
gaggacctge tccgcaggat cgacggactyg aaggcgggceg gcaacagcegce gatcgcagat 480
tcggtggtga ccgeegecga gatgetegag cgeggegaag cggecaacaa catcctgett 540
ctgttgacgg acggcgecga cacgtcegagt gcacactega tgteggaact ccegtceegte 600
ctgagtceggt cgegegegte getgtacgee gtgcagatgt cgacaccega gacgaactcet 660
getetectge agcaggttge gegggagteg cgceggtcagt acgegtetge gggtgatacg 720
geggegetgg gtgcgatcta ccagteggee getegegege teggaaacct gtacgtegte 780
cgataccgat cggaagcgaa tggcgatace caggtggtgg cgagegtgeg cageggegca 840
gecggecgag tgagegatcee gtteceggtyg acattgeceg gtgtggtgec gacgecgage 900
gtegtegecyg ggaccegtcega cggtttette acgtettega cggggetggt gatcgggetce 960

ctagcgtget actcggceget tgcgggaggce gtgetggegg tegceccggtag agcgeccgceg 1020
aggatttcgg cagcacgtceg tgggcggcag gacggacggg actcgatgcet gtcecccgatte 1080
geggaacgge tggtgcagtg gatcgatcag aacctgagga gacgcggacyg catcgetgec 1140
cgcacccagg cgctacagga ggcggggctg aagecttegte caggtgactt catcgccctg 1200
gtcggtgetyg cggcgatcac cgctgcggeg atcggtctec tggetteggg catcgtggeg 1260

gcgetettge tegeggcgat cacagtggga ttgtcgagaa tcectatcteccg tgtgatggece 1320
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ggtaggcgte gggccgegtt cgctgatcag ctcgacgatt ccctgcaget gctggccage 1380
aatctccgag ccgggcacag catgctceccga gcgcectcgatt cectttcecceg agaggcggag 1440
gtgccgactt cggaggagtt cgctcggatc gtcaacgaga ctecgggtggg acgtgatctce 1500
aacgagtctce tcgacgacgt ggcccggcgg atgcgaagtg acgatttcaa ctggataget 1560
caggcaatcg ccatcaaccg tgaggtcgga ggcgaccteg cggaagtect cgaccaggtg 1620
ggcaacacca ttcgagagceg aaatcagatt cgacggcagg tgaaagccect tgcetgccgag 1680
gggaaactgt ccgecctacgt gctgatggeg ctgccctteg gtectcaccge atttetgete 1740
gtctcgaate cggactacct gtcgaagttg acgggtageg ccatcggcta cgtgatgatce 1800
gcggtgggge tegtcatgcet gaccgteggt gggctgtgga tgaacaaggt tgtcectceggte 1860
aagttctag 1869
<210> SEQ ID NO 9

<211> LENGTH: 891

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 9

gtgattccac cgetggtget catggeggeyg ctgteegteg geggggegtt gggtgttetg 60
gtgtggttga cggtcggege cegagatceg gaacgcggac ccgecctteg gaacctgeag 120
tcgcagetgyg cgttgecgat tecggagteg ggaggegege cacegettte getceggecga 180
ttcegtgaage tgctgtegece geccgggacyg atggeceget tggaacgact gcacatcctt 240
gecggtegte cageggegtg ggttceeggaa cgggcecgega tggcegaagat cgttetegec 300

geggeegecg cectgetegg cettetegeyg gtgggtgegt cgectggegt cggeegggtyg 360

ctgttegetyg cggcegeegt cgegetggeg tatttegtec cggaacttet cctgcagage 420
agggggcagyg agcgccaage cgcgatcgaa ctggegettg cegacacect cgaccagatg 480
acgatcgcag tcgaggeggg cctggggtte gaagecgeca tgcageggge cgcgaagaac 540
ggaaaggggce cgctggecga ggaattcatce cggacattge aggacataca gatggggeag 600
tcgaggcgaa tcgegtacct ggatcttgee gecagaacga aagcacccaa cttgeggagg 660
ttcectteggyg cegteateca agecgacgag tacggegtgg ccatcgeega ggtcectgegg 720
acccaggect cggagatgeg tctgaaacge cgtcagagtg ctgaggagaa ggcgatgaag 780
gttceggtga aggtgctgtt tecgttgatg acctgcatce tgeccgaccat ctteategtg 840
atcctgggte cggceggtgat caacatgatg gaggtettgg geggtatgta a 891

<210> SEQ ID NO 10

<211> LENGTH: 68

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 10

Met Asn Leu Phe Phe Ala Asn Leu Tyr Leu Met Gly Leu Asp Val Lys
1 5 10 15

Asp Arg Leu Thr Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly
20 25 30

Leu Met Val Ala Gly Ile Ala Met Val Ile Ile Val Ala Val Phe Ala
35 40 45

Phe Gly Asp Lys Ile Thr Asp Leu Phe Asp Gly Phe Asn Phe Asp Asp
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50

Pro Gly Gly Glu

65

<210>
<211>
<212>
<213>

<400>

PRT

SEQUENCE :

18

SEQ ID NO 11
LENGTH:
TYPE :
ORGANISM: Rhodococcus equi

11

55

60

Asp Lys Ile Thr Asp Leu Phe Asp Gly Phe Asn Phe Asp Asp Pro Gly

1

Gly

Glu

5

<210> SEQ ID NO 12

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val Ile Val Ala

1

Gly

Cys

Ser

Thr

65

Thr

Leu

Ala

Val

Val

145

Ala

Gly

Leu

Phe

Gly

225

Ala

Asp

Ala

Ala

Pro

50

Arg

Ala

Leu

Leu

Val

130

Val

Val

Met

Ala

Leu

210

Arg

Ile

Trp

Phe

Glu

35

Ala

Arg

Leu

Pro

Ala

115

Pro

Thr

Leu

Gly

Tyr

195

Val

Ile

Val

Ala

Ala

20

Pro

Ser

His

Leu

Ala

100

Val

Ser

Gly

Phe

Phe

180

Leu

Ala

Gly

Ala

Ala
260

262

Rhodococcus

12

Ala

Asn

Lys

Ala

Asp

Phe

85

Thr

Ile

Tyr

Asp

Gly

165

Gly

Ser

Ala

Thr

Ile

245

Ala

Gly

Ser

Ser

Val

Ile

70

Val

Pro

Asp

Pro

Trp

150

Val

Asp

Tyr

Leu

Thr

230

Leu

Ala

Val

Ala

Thr

Ala

55

Ser

Gly

Ala

Ile

Ile

135

Ser

Tyr

Val

Gly

Val

215

Ile

Ala

equi

Gly

Ile

Pro

40

Thr

Ala

Ile

Tyr

Asp

120

Val

Ala

Phe

Lys

Thr

200

Gly

Pro

Ala

10

Ala Ala
10

Asp Arg
25

Thr Gly

Arg Ile

Arg Arg

Thr Leu

90

Leu Trp
105

Cys Lys

Phe Ala

Leu Leu

Val Leu

170

Leu Ala

185

Leu Leu

Leu Ile

Phe Gly

Asp Pro
250

Leu

Val

Ser

Ala

Val

75

Arg

Phe

Arg

Cys

Arg

155

Ala

Gly

Val

Ile

Pro

235

Leu

Leu

Arg

Thr

Met

60

Leu

Leu

Ala

Leu

Leu

140

Ala

Leu

Val

Gly

Leu

220

Tyr

Ala

Gly

Leu

Pro

45

Ile

Val

Ala

Ala

Pro

125

Ser

Ala

Ile

Ile

Ala

205

Val

Met

Arg

Ile

Glu

30

Pro

Asp

Glu

Ala

Val

110

Asn

Val

Ile

Tyr

Gly

190

Phe

Thr

Ile

Ala

15

Leu

15

Thr

Pro

Thr

Leu

Leu

95

Gly

Phe

Gly

Gly

Pro

175

Ala

Leu

Arg

Ala

Tyr
255

Ala

Ala

Pro

Ile

Ala

80

Gly

Ile

Leu

Ser

Ala

160

Ala

Val

Ala

Arg

Ala

240

Leu
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<210> SEQ ID NO 13

<211> LENGTH: 68

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 13

Met Asn Leu Phe Phe Ala Asn Leu Tyr Leu Met Gly Leu Asp Val Lys
1 5 10 15

Asp Arg Leu Thr Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly
20 25 30

Leu Met Val Ala Gly Ile Ala Met Val Ile Ile Val Ala Val Phe Ala
35 40 45

Phe Gly Asp Lys Ile Thr Asp Leu Phe Asp Gly Phe Asn Phe Asp Asp
50 55 60

Pro Gly Gly Glu
65

<210> SEQ ID NO 14

<211> LENGTH: 133

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 14

Met Lys Arg Leu Thr Ser Asp Ser Gly Val Ala Ala Val Glu Phe Ala
1 5 10 15

Leu Val Val Pro Ile Leu Ile Thr Leu Val Leu Gly Ile Val Glu Phe
20 25 30

Gly Arg Gly Tyr Asn Val Gln Asn Ala Val Ser Ala Ala Ala Arg Glu
35 40 45

Gly Ala Arg Thr Met Ala Ile Lys Lys Asp Pro Ala Ala Ala Arg Ala
50 55 60

Ala Val Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp Ala Glu
65 70 75 80

Ile Cys Ile Ser Thr Ser Gly Thr Gln Gly Cys Ser Ala Thr Ser Cys
85 90 95

Pro Ser Gly Ser Thr Val Thr Leu Thr Val Ser Tyr Pro Leu Glu Tyr
100 105 110

Met Thr Gly Leu Phe Pro Gly Lys Pro Thr Leu Thr Gly Thr Gly Val
115 120 125

Met Arg Cys Gly Gly
130

<210> SEQ ID NO 15

<211> LENGTH: 314

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 15

Met Ser Asn Asp Glu Arg Gly Val Val Ala Val Leu Val Ala Ile Leu
1 5 10 15

Met Val Val Leu Leu Gly Cys Ala Ala Ile Ser Val Asp Ile Gly Ala
20 25 30

Asn Tyr Val Val Lys Arg Gln Leu Gln Asn Gly Ala Asp Ala Ala Ala
35 40 45
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Leu Ala Val Ala Gln Glu Ser Ser Cys Lys Ala Gly Ser Ser Ala Ser
50 55 60

Ser Val Ser Ser Leu Val Gln Ala Asn Val Asn Ser Ser Ser Ala Ala
65 70 75 80

Ser Ala Ala Val Ile Asp Gly Val Lys Arg Lys Val Thr Val Thr Ala
85 90 95

Ser Ala Val Gly Asp Asp Gly Leu Ala Gly Arg Arg Asn Val Phe Ala
100 105 110

Pro Val Leu Gly Val Asp Arg Ser Glu Ile Ser Ala Ser Ala Thr Ala
115 120 125

Ser Cys Val Phe Pro Leu Gly Gly Thr Ala Glu Leu Pro Leu Thr Phe
130 135 140

His Lys Cys His Phe Asp Glu Ser Arg Ser Leu Asp Val Lys Ile Leu
145 150 155 160

Val Ala Tyr Asn Val Thr Ala Pro Arg Cys Asn Gly Thr Ser Gly Asn
165 170 175

Ala Ala Pro Gly Asn Phe Gly Trp Leu Gln Gly Ala Asn Gly Arg Cys
180 185 190

Pro Ala Lys Ile Asp Ala Ala Val Tyr Ala Thr Pro Gly Asp Thr Gly
195 200 205

Asn Asn Ile Pro Gly Pro Cys Lys Asp Thr Ile Lys Gln Phe Gln Asn
210 215 220

Ala Val Val Arg Val Pro Ile Tyr Asp Val Ala Gly Gly Thr Gly Ser
225 230 235 240

Gly Gly Trp Phe His Val Val Gly Leu Ala Ala Phe Lys Ile Gln Gly
245 250 255

Tyr Arg Leu Ser Gly Asn Pro Glu Phe Asn Trp Asn Asn Asp Val His
260 265 270

Gly Ala Leu Ser Cys Thr Gly Ser Cys Arg Gly Ile Ile Gly Thr Phe
275 280 285

Val Lys Ile Val Ser Leu Asp Ser Asp Leu Thr Pro Gly Gly Ile Asp
290 295 300

Phe Gly Val Ser Thr Ile Ser Leu Leu Asp
305 310

<210> SEQ ID NO 16

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 16

Leu Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Leu Ala Val
1 5 10 15

Ala Gly Thr Leu Ala Leu Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg
20 25 30

Ala Leu Ala Gly Thr Arg Thr Val Asp Val Leu Val Ala Asp Gln Thr
35 40 45

Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val
50 55 60

Lys Lys Leu Pro Glu Met Ala Val Leu Pro Asp Arg Val Thr Ser Leu
65 70 75 80

Asp Gln Leu Ser Gly Lys Val Ala Leu Thr Asp Leu Leu Pro Gly Glu
85 90 95
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-continued

Gln Leu Val Ser Ala Arg Phe Val Asp Pro Ala Thr Ala Arg Ser Gln
100 105 110

Asp Gln Gly Gly Ile Pro Glu Gly Met Gln Glu Val Thr Val Leu Leu
115 120 125

Glu Pro Gln Arg Ala Leu Gly Gly His Ile Ala Ser Gly Asp Thr Val
130 135 140

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu Thr His
145 150 155 160

Leu Arg Leu Gln Lys Val Arg Val Thr Arg Val Gln Gly Thr Phe Ser
165 170 175

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro
180 185 190

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met
195 200 205

Ala Glu Arg Val Val Phe Ala Ala Glu His Gly Thr Ile Trp Leu Ser
210 215 220

Asn Glu Pro Pro Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro
225 230 235 240

Glu Gly Val Phe Arg
245

<210> SEQ ID NO 17

<211> LENGTH: 399

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 17

Met Ser Arg Ile Val Leu Leu Thr Asp Arg Asp Asp Phe Ala Arg Arg
1 5 10 15

Val Tyr His Ala Ala Asp Gly Asn Leu Leu Val Leu Pro Ala Gln Pro
20 25 30

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Leu Gly Val Thr Val Gln
35 40 45

Pro Glu Val Leu Val Leu Gly Pro Asp Val Pro Glu Val Glu Gly Leu
50 55 60

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val
65 70 75 80

Leu Ala Ser Asp Ala Gly Thr Asp Val Trp Leu Arg Ala Met Arg Ala
85 90 95

Gly Val Arg Asp Val Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg
100 105 110

Ala Val Leu Asp Arg Ala Gly Gln Ala Ala Leu Ala Arg Arg Gln Gly
115 120 125

Ala Ser Ala Pro Ala Glu Gln His Ala Val Gln Gly Lys Val Ile Val
130 135 140

Val Ala Ser Pro Lys Gly Gly Thr Gly Lys Thr Thr Val Ala Thr Asn
145 150 155 160

Leu Ala Val Gly Leu Ala Ala Ala Ala Pro His Ser Thr Val Leu Val
165 170 175

Asp Leu Asp Val Gln Phe Gly Asp Val Ala Ser Ala Leu Gln Leu Val
180 185 190

Pro Glu His Cys Leu Thr Asp Ala Val Ala Gly Pro Ala Ser Gln Asp
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195 200 205

Met Ile Val Leu Lys Thr Val Leu Thr Pro His Ser Thr Gly Leu His
210 215 220

Ala Leu Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly
225 230 235 240

Glu Gln Val Ser Thr Leu Leu Thr Gln Leu Ala Ala Glu Phe Arg Tyr
245 250 255

Val Val Val Asp Thr Ala Pro Gly Leu Leu Glu His Thr Leu Ala Ala
260 265 270

Leu Asp Leu Ala Thr Asp Val Val Leu Val Ser Gly Met Asp Val Pro
275 280 285

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

Leu Gly Pro Val Val Arg His Val Val Leu Asn Phe Ala Asp Arg Arg
305 310 315 320

Glu Gly Leu Thr Val Gln Asp Ile Gln Asn Thr Ile Gly Val Pro Ala
325 330 335

Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Leu Ser Thr Asn Arg
340 345 350

Gly Val Pro Leu Leu Gln Asn Pro Gly Arg Asp Arg Thr Ala Lys Glu
355 360 365

Leu Trp Arg Leu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Ala Lys
370 375 380

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys
385 390 395

<210> SEQ ID NO 18

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 18

Met Arg Leu Ser Gln Arg Leu Glu Ala Val Arg Gly Ala Ala Pro Val
1 5 10 15

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Gln Gly Lys Ala Lys Thr
20 25 30

Ser Leu Pro Pro Ala Asp Ala Leu Ala Glu Leu Lys Asp Arg Ala Ser
35 40 45

Ala Ala Leu Tyr Thr Arg Ile Gly Thr Arg Phe Asn Asp Ser Ser Leu
50 55 60

Ser Glu Glu Gln Leu His Leu Leu Val Arg Glu Glu Leu Ala Glu Ile
Val Glu Gln Glu Thr Thr Pro Leu Thr Phe Asp Glu Arg Gln Arg Leu
85 90 95

Leu Arg Glu Val Ala Asp Glu Val Leu Gly His Gly Pro Leu Gln Arg
100 105 110

Leu Leu Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn Ser His Asp
115 120 125

Met Val Tyr Val Glu Arg Asp Gly Thr Leu Val Arg Ser Ser Ala Arg
130 135 140

Phe Ala Asp Glu Ala His Leu Arg Arg Val Ile Glu Arg Ile Val Ser
145 150 155 160
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Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Leu Val Asp Ala Arg
165 170 175

Leu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Leu Ala Phe
180 185 190

Asn Gly Ser Ser Leu Thr Ile Arg Lys Phe Ser Lys Asp Pro Phe Gln
195 200 205

Val Asp Asp Leu Ile Ala Phe Gly Thr Leu Ser His Glu Met Ala Glu
210 215 220

Leu Leu Asp Ala Cys Val Gln Ala Arg Leu Asn Val Ile Val Ser Gly
225 230 235 240

Gly Thr Gly Thr Gly Lys Thr Thr Leu Leu Asn Val Leu Ser Ser Phe
245 250 255

Ile Pro Glu Gly Glu Arg Ile Val Thr Ile Glu Asp Ala Val Glu Leu
260 265 270

Gln Leu Gln Gln Asp His Val Val Arg Leu Glu Ser Arg Pro Pro Asn
275 280 285

Ile Glu Gly Lys Gly Ala Val Thr Ile Arg Asp Leu Val Arg Asn Ser
290 295 300

Leu Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu Cys Arg Gly Gly
305 310 315 320

Glu Ser Leu Asp Met Leu Gln Ala Met Asn Thr Gly His Asp Gly Ser
325 330 335

Leu Ser Thr Val His Ala Asn Ser Pro Arg Asp Ala Ile Ala Arg Leu
340 345 350

Glu Thr Leu Val Leu Met Ala Gly Met Asp Leu Pro Leu Arg Ala Ile
355 360 365

Arg Glu Gln Ile Ala Ser Ala Val Asp Val Ile Val Gln Leu Thr Arg
370 375 380

Leu Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Gln Gly
385 390 395 400

Met Glu Gly Glu Ile Val Thr Leu Gln Asp Ala Phe Leu Phe Asp Tyr
405 410 415

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Leu Gly Arg Pro Gln Pro
420 425 430

Thr Gly Val Arg Pro Arg Phe Thr Asp Arg Phe Arg Asp Leu Gly Ile
435 440 445

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg
450 455 460

Val
465

<210> SEQ ID NO 19

<211> LENGTH: 622

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 19

Met Ser Arg Cys Val Val Ala Val Val Leu Ala Leu Gly Ala Gly Val
1 5 10 15

Leu Gly Ile Pro Ala Val Ala Ala Ala Ala Glu Glu Ala Val Gln Val
20 25 30

Ser Ala Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile Leu
35 40 45
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Ala Pro Pro Gly Ile Glu Gly Gln Ala Ile Asp Pro Gly Thr Phe Ala
50 55 60

Leu Thr Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Gln Gln Pro
65 70 75 80

Gly Ser Glu Gln Asp Ile Val Leu Ala Ile Asp Val Ser Gly Gly Met
85 90 95

Ser Gly Pro Ala Leu Asp Asp Val Lys Arg Ala Ala Ser Asp Phe Val
100 105 110

Arg Gln Ala Pro Ala Gly Ala His Ile Gly Ile Val Ala Ile Ser Ser
115 120 125

Thr Pro Gln Val Leu Ser Glu Leu Thr Thr Asp Ser Glu Asp Leu Leu
130 135 140

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

Ser Val Val Thr Ala Ala Glu Met Leu Glu Arg Gly Glu Ala Ala Asn
165 170 175

Asn Ile Leu Leu Leu Leu Thr Asp Gly Ala Asp Thr Ser Ser Ala His
180 185 190

Ser Met Ser Glu Leu Pro Ser Val Leu Ser Arg Ser Arg Ala Ser Leu
195 200 205

Tyr Ala Val Gln Met Ser Thr Pro Glu Thr Asn Ser Ala Leu Leu Gln
210 215 220

Gln Val Ala Arg Glu Ser Arg Gly Gln Tyr Ala Ser Ala Gly Asp Thr
225 230 235 240

Ala Ala Leu Gly Ala Ile Tyr Gln Ser Ala Ala Arg Ala Leu Gly Asn
245 250 255

Leu Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Gln Val
260 265 270

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

Pro Val Thr Leu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala Gly
290 295 300

Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Leu Val Ile Gly Leu
305 310 315 320

Leu Ala Cys Tyr Ser Ala Leu Ala Gly Gly Val Leu Ala Val Ala Gly
325 330 335

Arg Ala Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Gln Asp Gly
340 345 350

Arg Asp Ser Met Leu Ser Arg Phe Ala Glu Arg Leu Val Gln Trp Ile
355 360 365

Asp Gln Asn Leu Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Gln Ala
370 375 380

Leu Gln Glu Ala Gly Leu Lys Leu Arg Pro Gly Asp Phe Ile Ala Leu
385 390 395 400

Val Gly Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Leu Leu Ala Ser
405 410 415

Gly Ile Val Ala Ala Leu Leu Leu Ala Ala Ile Thr Val Gly Leu Ser
420 425 430

Arg Ile Tyr Leu Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala
435 440 445
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Asp Gln Leu Asp Asp Ser Leu Gln Leu Leu Ala Ser Asn Leu Arg Ala
450 455 460

Gly His Ser Met Leu Arg Ala Leu Asp Ser Leu Ser Arg Glu Ala Glu
465 470 475 480

Val Pro Thr Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg Val
485 490 495

Gly Arg Asp Leu Asn Glu Ser Leu Asp Asp Val Ala Arg Arg Met Arg
500 505 510

Ser Asp Asp Phe Asn Trp Ile Ala Gln Ala Ile Ala Ile Asn Arg Glu
515 520 525

Val Gly Gly Asp Leu Ala Glu Val Leu Asp Gln Val Gly Asn Thr Ile
530 535 540

Arg Glu Arg Asn Gln Ile Arg Arg Gln Val Lys Ala Leu Ala Ala Glu
545 550 555 560

Gly Lys Leu Ser Ala Tyr Val Leu Met Ala Leu Pro Phe Gly Leu Thr
565 570 575

Ala Phe Leu Leu Val Ser Asn Pro Asp Tyr Leu Ser Lys Leu Thr Gly
580 585 590

Ser Ala Ile Gly Tyr Val Met Ile Ala Val Gly Leu Val Met Leu Thr
595 600 605

Val Gly Gly Leu Trp Met Asn Lys Val Val Ser Val Lys Phe
610 615 620

<210> SEQ ID NO 20

<211> LENGTH: 296

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 20

Val Ile Pro Pro Leu Val Leu Met Ala Ala Leu Ser Val Gly Gly Ala
1 5 10 15

Leu Gly Val Leu Val Trp Leu Thr Val Gly Ala Arg Asp Pro Glu Arg
20 25 30

Gly Pro Ala Leu Arg Asn Leu Gln Ser Gln Leu Ala Leu Pro Ile Pro
Glu Ser Gly Gly Ala Pro Pro Leu Ser Leu Gly Arg Phe Val Lys Leu
50 55 60

Leu Ser Pro Pro Gly Thr Met Ala Arg Leu Glu Arg Leu His Ile Leu
65 70 75 80

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys
85 90 95

Ile Val Leu Ala Ala Ala Ala Ala Leu Leu Gly Leu Leu Ala Val Gly
100 105 110

Ala Ser Pro Gly Val Gly Arg Val Leu Phe Ala Ala Ala Ala Val Ala
115 120 125

Leu Ala Tyr Phe Val Pro Glu Leu Leu Leu Gln Ser Arg Gly Gln Glu
130 135 140

Arg Gln Ala Ala Ile Glu Leu Ala Leu Ala Asp Thr Leu Asp Gln Met
145 150 155 160

Thr Ile Ala Val Glu Ala Gly Leu Gly Phe Glu Ala Ala Met Gln Arg
165 170 175

Ala Ala Lys Asn Gly Lys Gly Pro Leu Ala Glu Glu Phe Ile Arg Thr
180 185 190
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Leu Gln Asp Ile Gln Met Gly Gln Ser Arg Arg Ile Ala Tyr Leu Asp
195 200 205

Leu Ala Ala Arg Thr Lys Ala Pro Asn Leu Arg Arg Phe Leu Arg Ala
210 215 220

Val Ile Gln Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Leu Arg
225 230 235 240

Thr Gln Ala Ser Glu Met Arg Leu Lys Arg Arg Gln Ser Ala Glu Glu
245 250 255

Lys Ala Met Lys Val Pro Val Lys Val Leu Phe Pro Leu Met Thr Cys
260 265 270

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn
275 280 285

Met Met Glu Val Leu Gly Gly Met
290 295

<210> SEQ ID NO 21

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 21

Val Ile Val Ala Ala Gly Val Gly Ala Ala Leu Leu Gly Ile Leu Ala
1 5 10 15

Gly Ala Phe Ala Asn Ser Ala Ile Asp Arg Val Arg Leu Glu Thr Ala
20 25 30

Cys Ala Glu Pro Lys Ser Thr Pro Thr Gly Ser Thr Pro Pro Pro Pro
35 40 45

Ser Pro Ala Ser Ala Val Ala Thr Arg Ile Ala Met Ile Asp Thr Ile
50 55 60

Thr Arg Arg Arg Asp Ile Ser Ala Arg Arg Met Leu Val Glu Leu Ala
65 70 75 80

Thr Ala Leu Leu Phe Val Ala Ile Thr Leu Arg Leu Ala Ala Leu Gly
85 90 95

Leu Leu Pro Ala Ala Pro Ala Tyr Leu Trp Phe Ala Val Ile Gly Ile
100 105 110

Ala Leu Ala Val Ile Asp Ile Asp Cys Lys Arg Leu Pro Asn Phe Leu
115 120 125

Val Val Pro Ser Tyr Pro Ile Val Phe Ala Cys Leu Ala Val Gly Ser
130 135 140

Val Val Thr Gly Asp Trp Ser Ala Leu Leu Arg Ala Ala Ile Gly Ala
145 150 155 160

Ala Val Leu Phe Gly Phe Tyr Phe Val Leu Ala Leu Ile Tyr Pro Ala
165 170 175

Gly Met Gly Phe Gly Asp Val Lys Leu Ala Gly Val Ile Gly Ala Val
180 185 190

Leu Ala Tyr Leu Ser Tyr Gly Thr Leu Leu Val Gly Ala Phe Leu Ala
195 200 205

Phe Leu Val Ala Ala Leu Val Gly Leu Ile Ile Leu Val Thr Arg Arg
210 215 220

Gly Arg Ile Gly Thr Thr Ile Pro Phe Gly Pro Tyr Met Ile Ala Ala
225 230 235 240

Ala Val Val Ala Ile Leu Ala Ala Asp Pro Leu Ala Arg Ala Tyr Leu
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245

Asp Trp Ala Ala Ala Ala
260

<210> SEQ ID NO 22

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 22

Val Ile Val Ala Ala Gly Val Gly
1 5

Gly Ala Phe Ala Asn Ser Ala Ile
20

Cys Ala Glu Pro Arg Ala Thr Pro
35 40

Ser Pro Thr Ser Ala Val Ala Thr
50 55

Thr Arg Arg Arg Asp Ile Ser Ala
65 70

Thr Ala Leu Leu Phe Val Ala Ile
85

Leu Leu Pro Ala Ala Pro Ala Tyr
100

Ala Leu Ala Val Ile Asp Ile Asp
115 120

Val Val Pro Ser Tyr Pro Ile Val
130 135

Val Val Thr Gly Asp Trp Ser Ala
145 150

Ala Val Leu Phe Gly Phe Tyr Phe
165

Gly Met Gly Phe Gly Asp Val Lys
180

Leu Ala Tyr Leu Ser Tyr Gly Thr
195 200

Phe Leu Val Ala Ala Leu Val Gly
210 215

Gly Arg Ile Gly Thr Thr Ile Pro
225 230

Ala Val Val Ala Ile Leu Ala Ala
245

Asp Trp Ala Ala Ala Ala
260

<210> SEQ ID NO 23

<211> LENGTH: 262

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 23

250

Ala Ala
10

Asp Arg
25

Thr Gly

Arg Ile

Arg Arg

Thr Leu

90

Leu Trp
105

Cys Lys

Phe Ala

Leu Leu

Val Leu

170

Leu Ala

185

Leu Leu

Leu Ile

Phe Gly

Asp Pro
250

Leu

Val

Ser

Ala

Met

75

Arg

Phe

Arg

Cys

Arg

155

Ala

Gly

Val

Ile

Pro

235

Leu

Leu

Arg

Thr

Met

60

Leu

Leu

Ala

Leu

Leu

140

Ala

Leu

Val

Gly

Leu

220

Tyr

Ala

Gly

Leu

Pro

45

Ile

Val

Ala

Val

Pro

125

Ala

Ala

Ile

Ile

Ala

205

Val

Met

Arg

Ile

Glu

30

Pro

Asp

Glu

Ala

Ile

110

Asn

Val

Ile

Tyr

Gly

190

Phe

Thr

Ile

Ala

255

Leu

15

Thr

Pro

Thr

Leu

Leu

95

Gly

Phe

Gly

Gly

Pro

175

Ala

Leu

Arg

Ala

Tyr
255

Ala

Ala

Pro

Ile

Ala

Asp

Ile

Leu

Ser

Ala

160

Ala

Val

Ala

Arg

Ala

240

Leu

Val Ile Val Ala Ala Gly Val Gly Ala Ala Leu Leu Gly Ile Leu Ala

1 5

10

15

Gly Ala Phe Ala Asn Ser Ala Ile Asp Arg Val Arg Leu Glu Thr Ala
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20 25 30

Cys Ala Glu Pro Lys Ser Thr Pro Ala Asn Ser Thr Pro Pro Ser Pro
35 40 45

Ser Pro Thr Ser Ala Val Ala Ala Arg Ile Ala Met Ile Asp Thr Ile
50 55 60

Thr Arg Arg His Asp Ile Ser Ala Arg Arg Val Leu Val Glu Leu Ala
65 70 75 80

Thr Ala Leu Leu Phe Val Ala Ile Thr Leu Arg Leu Ala Ala Leu Asp
85 90 95

Leu Leu Pro Ala Ala Pro Ala Tyr Leu Trp Phe Ala Val Val Gly Ile
100 105 110

Ala Leu Ala Val Ile Asp Ile Asp Cys Lys Arg Leu Pro Asn Phe Leu
115 120 125

Val Val Pro Ser Tyr Pro Ile Val Phe Ala Cys Leu Ala Val Gly Ser
130 135 140

Val Val Thr Gly Asp Trp Ser Ala Leu Leu Arg Ala Ala Ile Gly Ala
145 150 155 160

Ala Val Leu Phe Gly Phe Tyr Phe Val Leu Ala Leu Ile Tyr Pro Ala
165 170 175

Gly Met Gly Phe Gly Asp Val Lys Leu Ala Gly Val Ile Gly Ala Val
180 185 190

Leu Ala Tyr Leu Ser Tyr Gly Thr Leu Leu Val Gly Ala Phe Leu Ala
195 200 205

Phe Leu Val Ala Ala Leu Val Gly Leu Ile Ile Leu Val Thr Arg Arg
210 215 220

Gly Arg Ile Gly Thr Thr Ile Pro Phe Gly Pro Tyr Met Ile Ala Ala
225 230 235 240

Ala Val Val Ala Ile Leu Ala Ala Asp Pro Leu Ala Arg Ala Tyr Leu
245 250 255

Asp Trp Ala Ala Ala Ala
260

<210> SEQ ID NO 24

<211> LENGTH: 70

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 24

Met Asn Leu Phe Phe Ala Asn Leu Tyr Leu Met Gly Leu Asp Val Lys
1 5 10 15

Asp Arg Leu Thr Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly
20 25 30

Leu Met Val Ala Gly Ile Ala Met Val Ile Leu Ile Ala Val Phe Ala
35 40 45

Phe Gly Gly Lys Ile Ser Glu Leu Phe Ser Gly Phe Asn Phe Asp Lys
50 55 60

Pro Ala Ala Ser Gly Thr
65 70

<210> SEQ ID NO 25

<211> LENGTH: 67

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi
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<400> SEQUENCE: 25

Met Asn Leu Phe Phe Ala Asn Leu Tyr Leu Met Gly Leu Asp Val Lys
1 5 10 15

Asp Arg Leu Thr Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly
20 25 30

Leu Met Val Ala Gly Ile Ala Met Val Ile Ile Ile Ala Val Phe Ala
35 40 45

Phe Gly Gly Arg Leu Ser Thr Leu Phe Gln Asn Phe Asn Phe Ala Asn

Pro Gly Asn
65

<210> SEQ ID NO 26

<211> LENGTH: 63

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus amino acid sequence of amino acid
sequence alignment of SEQ ID NO 24 and SEQ ID NO 25

<400> SEQUENCE: 26

Met Asn Leu Phe Phe Ala Asn Leu Tyr Leu Met Gly Leu Asp Val Lys
1 5 10 15

Asp Arg Leu Thr Arg Asp Asp Arg Gly Ala Thr Ala Val Glu Tyr Gly
20 25 30

Leu Met Val Ala Gly Ile Ala Met Val Ile Ile Ile Ala Val Phe Ala
35 40 45

Phe Gly Gly Lys Ile Ser Leu Phe Gly Phe Asn Phe Asp Pro Gly
50 55 60

<210> SEQ ID NO 27

<211> LENGTH: 135

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 27

Val Ile Met Lys Arg Leu Thr Ser Asp Ser Gly Val Ala Ala Val Glu
1 5 10 15

Phe Ala Leu Val Val Pro Ile Leu Ile Thr Leu Val Leu Gly Ile Val
20 25 30

Glu Phe Gly Arg Gly Tyr Asn Val Gln Asn Ala Val Ser Ala Ala Ala
35 40 45

Arg Glu Gly Ala Arg Thr Met Ala Ile Lys Lys Asp Pro Ala Ala Ala
50 55 60

Arg Ala Ala Val Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp
Ala Glu Ile Cys Ile Ser Thr Ser Gly Ser Gln Gly Cys Ser Ala Thr
85 90 95

Ser Cys Pro Ser Gly Ser Thr Val Thr Leu Thr Val Ser Tyr Pro Leu
100 105 110

Glu Tyr Met Thr Gly Leu Phe Pro Gly Lys Pro Thr Leu Thr Gly Thr
115 120 125

Gly Val Met Arg Cys Gly Gly
130 135
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<210> SEQ ID NO 28
<211> LENGTH: 130
<212> TYPE: PRT
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 28
Leu Arg Ser Asp Ser Gly Val Ala Ala Val Glu Phe Ala Leu Val Val
1 5 10 15
Pro Ile Leu Ile Thr Leu Val Leu Gly Ile Val Glu Phe Gly Arg Gly
20 25 30
Tyr Asn Val Gln Asn Ala Val Ser Ala Ala Ala Arg Glu Gly Ala Arg
35 40 45
Thr Met Ala Ile Lys Lys Asp Pro Ala Ala Ala Arg Ala Ala Val Lys
50 55 60
Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp Ala Glu Ile Cys Ile
65 70 75 80
Ser Thr Ser Gly Thr Gln Gly Cys Ser Ala Thr Ser Cys Pro Ser Gly
85 90 95
Ser Thr Val Thr Leu Thr Val Ser Tyr Pro Leu Glu Tyr Met Thr Gly
100 105 110
Leu Phe Pro Gly Lys Pro Thr Leu Thr Gly Thr Gly Val Met Arg Cys
115 120 125
Gly Gly
130
<210> SEQ ID NO 29
<211> LENGTH: 135
<212> TYPE: PRT
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 29
Met Gly Met Arg Arg Phe Gly Ser Asp Ser Gly Ala Ala Ala Val Glu
1 5 10 15
Phe Ala Leu Val Val Pro Ile Leu Ile Thr Leu Val Leu Gly Ile Val
20 25 30
Glu Phe Gly Arg Gly Tyr Asn Val Gln Asn Ala Val Ser Ala Ala Ala
35 40 45
Arg Glu Gly Ala Arg Thr Met Ala Ile Lys Lys Asp Pro Ala Ala Ala
50 55 60
Arg Ala Ala Val Lys Gly Ala Gly Val Phe Ser Pro Ala Ile Thr Asp
65 70 75 80
Ala Glu Ile Cys Ile Ser Thr Ser Gly Thr Gln Gly Cys Ser Ala Thr
85 90 95
Ser Cys Pro Ser Gly Ser Thr Val Thr Leu Thr Val Ser Tyr Pro Leu
100 105 110
Glu Tyr Met Thr Gly Leu Phe Pro Gly Lys Pro Thr Leu Thr Gly Thr
115 120 125
Gly Val Met Arg Cys Gly Gly
130 135
<210> SEQ ID NO 30
<211> LENGTH: 321
<212> TYPE: PRT
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 30
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Met Arg Trp Val Arg Ser Arg Met Ser Asn Asp Glu Arg Gly Val Val
Ala Val Leu Val Ala Ile Leu Met Val Val Leu Leu Gly Cys Ala Ala
20 25 30

Ile Ser Val Asp Ile Gly Ala Asn Tyr Val Val Lys Arg Gln Leu Gln
35 40 45

Asn Gly Ala Asp Ala Ala Ala Leu Ala Val Ala Gln Glu Ser Ser Cys
50 55 60

Lys Ala Gly Ser Ser Ala Ser Ser Val Ser Ser Leu Val Gln Ala Asn
65 70 75 80

Val Asn Ser Ser Ser Ala Ser Ser Ala Ala Val Ile Asp Gly Val Lys
85 90 95

Arg Lys Val Thr Val Thr Ala Ser Ala Val Gly Asp Asp Gly Leu Ala
100 105 110

Gly Arg Arg Asn Val Phe Ala Pro Val Leu Gly Val Asp Arg Ser Glu
115 120 125

Ile Ser Ala Ser Ala Thr Ala Ser Cys Val Phe Pro Leu Gly Gly Thr
130 135 140

Ala Glu Leu Pro Leu Thr Phe His Lys Cys His Phe Asp Glu Ser Arg
145 150 155 160

Ser Leu Asp Val Lys Ile Leu Val Ala Tyr Asn Val Thr Ala Pro Arg
165 170 175

Cys Asn Gly Thr Ser Gly Asn Ala Ala Pro Gly Asn Phe Gly Trp Leu
180 185 190

Gln Gly Ala Asn Gly Arg Cys Pro Ala Lys Ile Asp Ala Ala Val Tyr
195 200 205

Ala Thr Pro Gly Asp Thr Gly Asn Asn Ile Pro Gly Pro Cys Lys Asp
210 215 220

Thr Ile Lys Gln Phe Gln Asn Ala Val Val Arg Val Pro Ile Tyr Asp
225 230 235 240

Val Ala Gly Gly Thr Gly Ser Gly Gly Trp Phe His Val Val Gly Leu
245 250 255

Ala Ala Phe Lys Ile Gln Gly Tyr Arg Leu Ser Gly Asn Pro Glu Phe
260 265 270

Asn Trp Asn Asn Asp Val His Gly Ala Leu Ser Cys Thr Gly Ser Cys
275 280 285

Arg Gly Ile Ile Gly Thr Phe Val Lys Ile Val Ser Leu Asp Ser Asp
290 295 300

Leu Thr Pro Gly Gly Ile Asp Phe Gly Val Ser Thr Ile Ser Leu Leu
305 310 315 320

Asp

<210> SEQ ID NO 31

<211> LENGTH: 321

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 31

Met Arg Trp Val Arg Ser Arg Met Ser Asn Asp Glu Arg Gly Val Val
1 5 10 15

Ala Val Leu Val Ala Ile Leu Met Val Val Leu Leu Gly Cys Ala Ala
20 25 30
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Ile Ser Val Asp Ile Gly Ala Asn Tyr Val Val Lys Arg Gln Leu Gln
35 40 45

Asn Gly Ala Asp Ala Ala Ala Leu Ala Val Ala Gln Glu Ser Asn Cys
50 55 60

Lys Ala Gly Ser Ser Ala Ser Ser Val Ser Ser Leu Val Gln Ala Asn
65 70 75 80

Val Asn Ser Ser Ser Ala Ser Ser Ala Ala Val Ile Asp Gly Val Lys
85 90 95

Arg Lys Val Thr Val Thr Ala Ser Ala Val Gly Asp Asp Gly Leu Ala
100 105 110

Gly Arg Arg Asn Val Phe Ala Pro Val Leu Gly Val Asp Arg Ser Glu
115 120 125

Ile Ser Ala Ser Ala Thr Ala Ser Cys Val Phe Pro Leu Gly Gly Thr
130 135 140

Ala Glu Leu Pro Leu Thr Phe His Lys Cys His Phe Asp Glu Ser Arg
145 150 155 160

Ser Leu Asp Val Lys Ile Leu Val Ala Tyr Asn Val Thr Ala Pro Arg
165 170 175

Cys Asn Gly Thr Ser Gly Asn Ala Ala Pro Gly Asn Phe Gly Trp Leu
180 185 190

Gln Gly Ala Asn Gly Arg Cys Pro Ala Lys Ile Asp Pro Thr Val Tyr
195 200 205

Ala Thr Pro Gly Asp Thr Gly Asn Asn Ile Pro Gly Pro Cys Lys Asp
210 215 220

Thr Ile Lys Gln Phe Gln Asn Ala Val Val Arg Val Pro Ile Tyr Asp
225 230 235 240

Val Ala Gly Gly Thr Gly Ser Gly Gly Trp Phe His Val Val Gly Leu
245 250 255

Ala Ala Phe Lys Ile Gln Gly Tyr Arg Leu Ser Gly Asn Pro Glu Phe
260 265 270

Asn Trp Asn Asn Asp Val His Gly Ala Leu Ser Cys Thr Gly Ser Cys
275 280 285

Arg Gly Ile Ile Gly Thr Phe Val Lys Ile Val Ser Leu Asp Ser Asp
290 295 300

Leu Thr Pro Gly Gly Ile Asp Phe Gly Val Ser Thr Ile Ser Leu Leu
305 310 315 320

Asp

<210> SEQ ID NO 32

<211> LENGTH: 321

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 32

Met Arg Trp Val Arg Ser Arg Met Ser Asn Asp Glu Arg Gly Val Val
1 5 10 15

Ala Val Phe Val Ala Ile Leu Met Val Val Leu Leu Gly Cys Ala Ala
20 25 30

Ile Ser Val Asp Ile Gly Ala Asn Tyr Val Val Lys Arg Gln Leu Gln
35 40 45

Asn Gly Ala Asp Ala Ala Ala Leu Ala Val Ala Gln Glu Ser Ser Cys
50 55 60
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-continued

Lys Ala Gly Ser Ser Ala Ser Ser Val Ser Arg Leu Val Gln Ala Asn
65 70 75 80

Val Asn Ser Ser Ser Ala Ser Ser Ala Ala Val Ile Asp Gly Val Lys
85 90 95

Arg Lys Val Thr Val Thr Ala Ser Ala Val Gly Asp Asp Gly Leu Ala
100 105 110

Gly Arg Arg Asn Val Phe Ala Pro Val Leu Gly Val Asp Arg Ser Glu
115 120 125

Ile Ser Ala Ser Ala Thr Ala Ser Cys Val Phe Pro Leu Gly Gly Thr
130 135 140

Ala Glu Leu Pro Leu Thr Phe His Lys Cys His Phe Asp Glu Ser Arg
145 150 155 160

Ser Leu Asp Val Lys Ile Leu Val Ala Tyr Asn Val Thr Ala Pro Arg
165 170 175

Cys Asn Gly Thr Ser Gly Asn Ala Ala Pro Gly Asn Phe Gly Trp Leu
180 185 190

Gln Gly Val Asn Gly Arg Cys Pro Ala Lys Ile Asp Ala Ala Val Tyr
195 200 205

Ala Thr Pro Gly Asp Thr Gly Asn Asn Ile Pro Gly Pro Cys Lys Asp
210 215 220

Thr Ile Lys Gln Phe Gln Asn Ala Val Val Arg Val Pro Ile Tyr Asp
225 230 235 240

Val Ala Gly Gly Thr Gly Ser Gly Gly Trp Phe His Val Val Gly Leu
245 250 255

Ala Ala Phe Lys Ile Gln Gly Tyr Arg Leu Ser Gly Asn Pro Glu Phe
260 265 270

Asn Trp Asn Asn Asp Val His Gly Ala Leu Ser Cys Thr Gly Ser Cys
275 280 285

Arg Gly Ile Ile Gly Thr Phe Val Lys Ile Val Ser Leu Asp Ser Asp
290 295 300

Leu Thr Pro Gly Gly Ile Asp Phe Gly Val Ser Thr Ile Ser Leu Leu
305 310 315 320

Asp

<210> SEQ ID NO 33

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 33

Leu Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Leu Ala Val
1 5 10 15

Ala Gly Thr Leu Ala Leu Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg
20 25 30

Ala Leu Ala Gly Thr Arg Thr Val Asp Val Leu Val Ala Asp Gln Thr
35 40 45

Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val
50 55 60

Lys Lys Leu Pro Glu Met Ala Val Leu Pro Glu Arg Val Thr Ser Leu
65 70 75 80

Asp Gln Leu Ser Gly Lys Val Ala Leu Thr Asp Leu Leu Pro Gly Glu
85 90 95
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Gln Leu Val Ser Ala Arg Phe Ala Asp Pro Ala Thr Ala Arg Ser Gln
100 105 110

Asp Gln Gly Gly Ile Pro Glu Gly Met Gln Glu Val Thr Val Leu Leu
115 120 125

Glu Pro Gln Arg Ala Leu Gly Gly His Ile Ala Ser Gly Asp Thr Val
130 135 140

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu Thr His
145 150 155 160

Leu Arg Leu Gln Lys Val Arg Val Thr Arg Val Gln Gly Thr Phe Ser
165 170 175

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro
180 185 190

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met
195 200 205

Ala Glu Arg Val Val Phe Ala Ala Glu His Gly Thr Ile Trp Leu Ser
210 215 220

Asn Glu Pro Leu Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro
225 230 235 240

Glu Gly Val Phe Arg
245

<210> SEQ ID NO 34

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 34

Leu Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Leu Ala Val
1 5 10 15

Ala Gly Thr Leu Ala Leu Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg
20 25 30

Ala Leu Ala Gly Thr Arg Thr Val Asp Val Leu Val Ala Asp Gln Thr
35 40 45

Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val
50 55 60

Lys Lys Leu Pro Glu Met Ala Val Leu Pro Glu Arg Val Thr Ser Leu
65 70 75 80

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

Gln Leu Val Ser Ala Arg Phe Ala Asp Pro Ala Thr Ala Arg Ser Gln
100 105 110

Asp Gln Gly Gly Ile Pro Glu Gly Met Gln Glu Val Thr Val Leu Leu
115 120 125

Glu Pro Gln Arg Ala Leu Gly Gly His Ile Ala Pro Gly Asp Thr Val
130 135 140

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu Thr His
145 150 155 160

Leu Arg Leu Gln Lys Val Arg Val Thr Arg Val Gln Gly Thr Phe Ser
165 170 175

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro
180 185 190

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met
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195 200 205

Ala Glu Arg Val Val Phe Ala Ala Glu His Gly Thr Ile Trp Leu Ser
210 215 220

Asn Glu Pro Leu Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro
225 230 235 240

Glu Gly Val Phe Arg
245

<210> SEQ ID NO 35

<211> LENGTH: 245

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 35

Leu Arg Thr Arg Ile Ile Ala Ala Ile Cys Ala Ile Val Leu Ala Val
1 5 10 15

Ala Gly Thr Leu Ala Leu Ile Ser Tyr Val Arg Gly Ala Asp Ala Arg
20 25 30

Ala Leu Ala Gly Thr Arg Thr Val Asp Val Leu Val Ala Asp Gln Thr
Ile Pro Lys Asn Thr Pro Ala Asp Ser Leu Val Gly Met Val Val Val
50 55 60

Lys Lys Leu Pro Glu Met Ala Val Leu Pro Asp Arg Val Thr Ser Leu
65 70 75 80

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

Gln Leu Val Ser Ala Arg Phe Val Asp Pro Ala Thr Ala Arg Ser Gln
100 105 110

Asp Gln Gly Gly Ile Pro Glu Gly Met Gln Glu Val Thr Val Leu Leu
115 120 125

Glu Pro Gln Arg Ala Leu Gly Gly His Ile Ala Ser Gly Asp Thr Val
130 135 140

Gly Val Phe Met Ser Phe Ser Pro Pro Val Lys Asn Tyr Glu Thr His
145 150 155 160

Leu Arg Leu Gln Lys Val Arg Val Thr Arg Val Gln Gly Thr Phe Ser
165 170 175

Asn Ala Asp Glu Gly Asp Ser Ala Thr Val Asp Ser Ser Pro Ser Pro
180 185 190

Ala Pro Thr Glu Ala Phe Leu Val Ser Leu Ala Val Asp Val Pro Met
195 200 205

Ala Glu Arg Val Val Phe Ala Ala Glu His Gly Thr Ile Trp Leu Ser
210 215 220

Asn Glu Pro Leu Ser Ser Asn Glu Ala Gly Ala Ser Val Val Ser Pro
225 230 235 240

Glu Gly Val Phe Arg
245

<210> SEQ ID NO 36

<211> LENGTH: 399

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 36

Met Ser Arg Ile Val Leu Leu Thr Asp Arg Asp Asp Phe Ala Arg Arg
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1 5 10 15

Val Tyr His Ala Ala Asp Gly Asn Leu Leu Val Leu Pro Ala Gln Pro

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Leu Gly Val Thr Val Gln
35 40 45

Pro Glu Val Leu Val Leu Gly Pro Asp Val Pro Glu Val Glu Gly Leu
50 55 60

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val
Leu Ala Ser Asp Ala Gly Thr Asp Val Trp Leu Arg Ala Met Arg Ala
85 90 95

Gly Val Arg Asp Val Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg
100 105 110

Ala Val Leu Asp Arg Ala Gly Gln Ala Ala Leu Ala Arg Arg Gln Gly
115 120 125

Ala Ser Ala Pro Ala Glu Gln His Ala Val Gln Gly Lys Val Ile Val
130 135 140

Val Ala Ser Pro Lys Gly Gly Thr Gly Lys Thr Thr Val Ala Thr Asn
145 150 155 160

Leu Ala Val Gly Leu Ala Ala Ala Ala Pro His Ser Thr Val Leu Val
165 170 175

Asp Leu Asp Val Gln Phe Gly Asp Val Ala Ser Ala Leu Gln Leu Val
180 185 190

Pro Glu His Cys Leu Thr Asp Ala Val Ala Gly Pro Ala Ser Gln Asp
195 200 205

Met Ile Val Leu Lys Thr Val Leu Thr Pro His Ser Thr Gly Leu His
210 215 220

Ala Leu Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly
225 230 235 240

Glu Gln Val Ser Thr Leu Leu Thr Gln Leu Ala Ala Glu Phe Arg Tyr
245 250 255

Val Val Val Asp Thr Ala Pro Gly Leu Leu Glu His Thr Leu Ala Ala
260 265 270

Leu Asp Leu Ala Thr Asp Val Val Leu Val Ser Gly Met Asp Val Pro
275 280 285

Ser Val Arg Gly Met His Lys Glu Leu Gln Leu Leu Ala Glu Leu Asn
290 295 300

Leu Gly Pro Val Val Arg His Val Val Leu Asn Phe Ala Asp Arg Arg
305 310 315 320

Glu Gly Leu Thr Val Gln Asp Ile Gln Asn Thr Ile Gly Val Pro Ala
325 330 335

Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Leu Ser Thr Asn Arg
340 345 350

Gly Val Pro Leu Leu Gln Asn Pro Gly Arg Asp Arg Thr Ala Lys Glu
355 360 365

Leu Trp Arg Leu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Thr Lys
370 375 380

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys
385 390 395

<210> SEQ ID NO 37
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<211> LENGTH: 398

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 37

Met Ser Arg Ile Val Leu Leu Thr Asp Arg Asp Asp Ala Arg Arg Val
1 5 10 15

Tyr His Ala Ala Asp Gly Asn Leu Leu Val Leu Pro Ala Gln Pro Val
20 25 30

Pro Arg Gly Pro Ala Gln Leu Val Gly Leu Gly Val Thr Val Gln Pro
Asp Val Leu Val Leu Gly Pro Asp Val Pro Glu Val Glu Gly Leu Ser
50 55 60

Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val Leu
65 70 75 80

Ala Ser Asp Ala Gly Thr Asp Val Trp Leu Arg Ala Met Arg Ala Gly
85 90 95

Val Arg Asp Val Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg Ala
100 105 110

Val Leu Asp Arg Ala Gly Gln Ala Ala Leu Ala Arg Arg Gln Gly Ala
115 120 125

Ser Ala Pro Ala Glu Gln His Ala Val Gln Gly Lys Val Ile Val Val
130 135 140

Ala Ser Pro Lys Gly Gly Thr Gly Lys Thr Thr Val Ala Thr Asn Leu
145 150 155 160

Ala Val Gly Leu Ala Ala Ala Ala Pro His Ser Thr Val Leu Val Asp
165 170 175

Leu Asp Val Gln Phe Gly Asp Val Ala Ser Ala Leu Gln Leu Val Pro
180 185 190

Glu His Cys Leu Thr Asp Ala Val Ala Ser Pro Ala Ser Gln Asp Met
195 200 205

Ile Val Leu Lys Thr Val Leu Thr Pro His Ser Thr Gly Leu His Ala
210 215 220

Leu Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly Glu
225 230 235 240

Gln Val Ser Thr Leu Leu Thr Gln Leu Ala Ala Glu Phe Arg Tyr Val
245 250 255

Val Val Asp Thr Ala Pro Gly Leu Leu Glu His Thr Leu Ala Ala Leu
260 265 270

Asp Leu Ala Thr Asp Val Val Leu Val Ser Gly Met Asp Val Pro Ser
275 280 285

Val Arg Gly Met His Lys Glu Leu Gln Leu Leu Thr Glu Leu Asn Leu
290 295 300

Gly Pro Val Val Arg His Val Val Leu Asn Phe Ala Asp Arg Arg Glu
305 310 315 320

Gly Leu Thr Val Gln Asp Ile Gln Asn Thr Ile Gly Val Pro Ala Asp
325 330 335

Ile Val Ile Lys Arg Ser Lys Ala Val Ala Leu Ser Thr Asn Arg Gly
340 345 350

Val Pro Leu Leu Gln Asn Pro Gly Arg Asp Arg Thr Ala Lys Glu Leu
355 360 365

Trp Arg Leu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Ala Lys Gly
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370 375 380
Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys
385 390 395

<210> SEQ ID NO 38

<211> LENGTH: 399

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 38

Met Ser Arg Ile Val Leu Leu Thr Asp Arg Asp Asp Phe Ala Arg Arg
1 5 10 15

Val Tyr His Ala Ala Asp Gly Asn Leu Leu Val Leu Pro Ala Gln Pro
20 25 30

Val Pro Arg Gly Pro Ala Gln Leu Val Gly Leu Gly Val Thr Val Gln
35 40 45

Pro Asp Val Leu Val Leu Gly Pro Asp Val Pro Glu Val Glu Gly Leu
50 55 60

Ser Leu Ala Gly Arg Ile Asp His Ser Thr Pro Gly Thr Thr Val Val
Leu Ala Ser Asp Ala Gly Thr Asp Val Trp Leu Arg Ala Met Arg Ala
85 90 95

Gly Val Arg Asp Val Met Ser Pro Glu Ala Glu Ile Ala Asp Val Arg
100 105 110

Ala Val Leu Asp Arg Ala Gly Gln Ala Ala Leu Ala Arg Arg Gln Gly
115 120 125

Ala Ser Ala Pro Ala Glu Gln His Ala Val Gln Gly Lys Val Ile Val
130 135 140

Val Ala Ser Pro Lys Gly Gly Thr Gly Lys Thr Thr Val Ala Thr Asn
145 150 155 160

Leu Ala Val Gly Leu Ala Ala Ala Ala Pro His Ser Thr Val Leu Val
165 170 175

Asp Leu Asp Val Gln Phe Gly Asp Val Ala Ser Ala Leu Gln Leu Val
180 185 190

Pro Glu His Cys Leu Thr Asp Ala Val Ala Ser Pro Ala Ser Gln Asp
195 200 205

Met Ile Val Leu Lys Thr Val Leu Thr Pro His Ser Thr Gly Leu His
210 215 220

Ala Leu Cys Gly Ser Asp Ser Pro Ala Ala Gly Asp Ser Ile Thr Gly
225 230 235 240

Glu Gln Val Ser Thr Leu Leu Thr Gln Leu Ala Ala Glu Phe Arg Tyr
245 250 255

Val Val Val Asp Thr Ala Pro Gly Leu Leu Glu His Thr Leu Ala Ala
260 265 270

Leu Asp Leu Ala Thr Asp Val Val Leu Val Ser Gly Met Asp Val Pro
275 280 285

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

Leu Gly Pro Val Val Arg His Val Val Leu Asn Phe Ala Asp Arg Arg
305 310 315 320

Glu Gly Leu Thr Val Gln Asp Ile Gln Asn Thr Ile Gly Val Pro Ala
325 330 335
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Asp Ile Val Ile Lys Arg Ser Lys Ala Val Ala Leu Ser Thr Asn Arg
340 345 350

Gly Val Pro Leu Leu Gln Asn Pro Gly Arg Asp Arg Thr Ala Lys Glu
355 360 365

Leu Trp Arg Leu Val Gly Arg Ile Asp Pro Ala Pro Asp Thr Ala Lys
370 375 380

Gly Gly Arg Ala Arg His Arg Ala Ala Glu Ala Val Gly Ala Lys
385 390 395

<210> SEQ ID NO 39

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 39

Met Arg Leu Ser Gln Arg Leu Glu Ala Val Arg Gly Ala Ala Pro Val
1 5 10 15

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Gln Gly Lys Ala Lys Thr
Ser Leu Pro Pro Ala Asp Ala Leu Ala Glu Leu Lys Asp Arg Ala Ser
35 40 45

Ala Ala Leu Tyr Thr Arg Ile Gly Thr Arg Phe Asn Asp Ser Ser Leu
50 55 60

Ser Glu Glu Gln Leu His Leu Leu Val Arg Glu Glu Leu Ala Glu Ile
65 70 75 80

Val Glu Gln Glu Thr Thr Pro Leu Thr Phe Asp Glu Arg Gln Arg Leu
85 90 95

Leu Arg Glu Val Ala Asp Glu Val Leu Gly His Gly Pro Leu Gln Arg
100 105 110

Leu Leu Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn Ser His Asp
115 120 125

Met Val Tyr Val Glu Arg Asp Gly Thr Leu Val Arg Ser Ser Ala Arg
130 135 140

Phe Ala Asp Glu Ala His Leu Arg Arg Val Ile Glu Arg Ile Val Ser
145 150 155 160

Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Leu Val Asp Ala Arg
165 170 175

Leu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Leu Ala Phe
180 185 190

Asn Gly Ser Ser Leu Thr Ile Arg Lys Phe Ser Lys Asp Pro Phe Gln
195 200 205

Val Asp Asp Leu Ile Ala Phe Gly Thr Leu Ser His Glu Met Ala Glu
210 215 220

Leu Leu Asp Ala Cys Val Gln Ala Arg Leu Asn Val Ile Val Ser Gly
225 230 235 240

Gly Thr Gly Thr Gly Lys Thr Thr Leu Leu Asn Val Leu Ser Ser Phe
245 250 255

Ile Pro Glu Gly Glu Arg Ile Val Thr Ile Glu Asp Ala Val Glu Leu
260 265 270

Gln Leu Gln Gln Asp His Val Val Arg Leu Glu Ser Arg Pro Pro Asn
275 280 285

Ile Glu Gly Lys Gly Ala Val Thr Ile Arg Asp Leu Val Arg Asn Ser
290 295 300



US 2012/0225078 Al Sep. 6, 2012
44

-continued

Leu Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu Cys Arg Gly Gly
305 310 315 320

Glu Ser Leu Asp Met Leu Gln Ala Met Asn Thr Gly His Asp Gly Ser
325 330 335

Leu Ser Thr Val His Ala Asn Ser Pro Arg Asp Ala Ile Ala Arg Leu
340 345 350

Glu Thr Leu Val Leu Met Ala Gly Met Asp Leu Pro Leu Arg Ala Ile
355 360 365

Arg Glu Gln Ile Ala Ser Ala Val Asp Val Ile Val Gln Leu Thr Arg
370 375 380

Leu Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Gln Gly
385 390 395 400

Met Glu Gly Glu Ile Val Thr Leu Gln Asp Ala Phe Leu Phe Asp Tyr
405 410 415

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Leu Gly Arg Pro Gln Pro
420 425 430

Thr Gly Val Arg Pro Arg Phe Thr Asp Lys Phe Arg Asp Leu Gly Ile
435 440 445

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg
450 455 460

Ala
465

<210> SEQ ID NO 40

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 40

Met Arg Leu Ser Gln Arg Leu Glu Ala Val Arg Gly Ala Ala Pro Val
1 5 10 15

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Gln Gly Lys Ala Lys Thr
20 25 30

Ser Leu Pro Pro Ala Asp Ala Leu Ala Glu Leu Lys Asp Arg Ala Ser
35 40 45

Ala Ala Leu Tyr Thr Arg Ile Gly Thr Arg Phe Asn Asp Ser Ser Leu
50 55 60

Ser Glu Glu Gln Leu His Leu Leu Val Arg Glu Glu Leu Ala Glu Ile
65 70 75 80

Val Glu Gln Glu Thr Thr Pro Leu Thr Phe Asp Glu Arg Gln Arg Leu
85 90 95

Leu Arg Glu Val Ala Asp Glu Val Leu Gly His Gly Pro Leu Gln Arg
100 105 110

Leu Leu Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn Ser His Asp
115 120 125

Met Val Tyr Val Glu Arg Asp Gly Thr Leu Val Arg Ser Ser Ala Arg
130 135 140

Phe Ala Asp Glu Ala His Leu Arg Arg Val Ile Glu Arg Ile Val Ser
145 150 155 160

Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Leu Val Asp Ala Arg
165 170 175

Leu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Leu Ala Phe
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180 185 190

Asn Gly Ser Ser Leu Thr Ile Arg Lys Phe Ser Lys Asp Pro Phe Gln
195 200 205

Val Asp Asp Leu Ile Ala Phe Gly Thr Leu Ser His Glu Met Ala Glu
210 215 220

Leu Leu Asp Ala Cys Val Gln Ala Arg Leu Asn Val Ile Val Ser Gly
225 230 235 240

Gly Thr Gly Thr Gly Lys Thr Thr Leu Leu Asn Val Leu Ser Ser Phe
245 250 255

Ile Pro Glu Gly Glu Arg Ile Val Thr Ile Glu Asp Ala Val Glu Leu
260 265 270

Gln Leu Gln Gln Asp His Val Val Arg Leu Glu Ser Arg Pro Pro Asn
275 280 285

Ile Glu Gly Lys Gly Ala Val Thr Ile Arg Asp Leu Val Arg Asn Ser
290 295 300

Leu Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu Cys Arg Gly Gly
305 310 315 320

Glu Ser Leu Asp Met Leu Gln Ala Met Asn Thr Gly His Asp Gly Ser
325 330 335

Leu Ser Thr Val His Ala Asn Ser Pro Arg Asp Ala Ile Ala Arg Leu
340 345 350

Glu Thr Leu Val Leu Met Ala Gly Met Asp Leu Pro Leu Arg Ala Ile
355 360 365

Arg Glu Gln Ile Ala Ser Ala Val Asp Val Ile Val Gln Leu Thr Arg
370 375 380

Leu Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Gln Gly
385 390 395 400

Met Glu Gly Glu Ile Val Thr Leu Gln Asp Ala Phe Leu Phe Asp Tyr
405 410 415

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Leu Gly Arg Pro Gln Pro
420 425 430

Thr Gly Val Arg Pro Arg Phe Thr Asp Lys Phe Arg Asp Leu Gly Ile
435 440 445

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg
450 455 460

Ala
465

<210> SEQ ID NO 41

<211> LENGTH: 465

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 41

Met Arg Leu Ser Gln Arg Leu Glu Ala Val Arg Gly Ala Ala Pro Val
1 5 10 15

Glu Ala Ala Ala Pro Ile Pro Pro Gly Lys Gln Gly Lys Ala Lys Thr
20 25 30

Ser Leu Pro Pro Ala Asp Ala Leu Ala Glu Leu Lys Asp Arg Ala Ser
35 40 45

Ala Ala Leu Tyr Thr Arg Ile Gly Thr Arg Phe Asn Asp Ser Ser Leu
50 55 60
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Ser Glu Glu Gln Leu His Leu Leu Val Arg Glu Glu Leu Ala Glu Ile
Val Glu Gln Glu Thr Thr Pro Leu Thr Phe Asp Glu Arg Gln Arg Leu
85 90 95

Leu Arg Glu Val Ala Asp Glu Val Leu Gly His Gly Pro Leu Gln Arg
100 105 110

Leu Leu Glu Asp Pro Ser Val Thr Glu Ile Met Val Asn Ser His Asp
115 120 125

Met Val Tyr Val Glu Arg Asp Gly Thr Leu Val Arg Ser Ser Ala Arg
130 135 140

Phe Ala Asp Glu Ala His Leu Arg Arg Val Ile Glu Arg Ile Val Ser
145 150 155 160

Ala Val Gly Arg Arg Ile Asp Glu Ser Ser Pro Leu Val Asp Ala Arg
165 170 175

Leu Ala Asp Gly Ser Arg Val Asn Ala Val Ile Pro Pro Leu Ala Phe
180 185 190

Asn Gly Ser Ser Leu Thr Ile Arg Lys Phe Ser Lys Asp Pro Phe Gln
195 200 205

Val Asp Asp Leu Ile Ala Phe Gly Thr Leu Ser His Glu Met Ala Glu
210 215 220

Leu Leu Asp Ala Cys Val Gln Ala Arg Leu Asn Val Ile Val Ser Gly
225 230 235 240

Gly Thr Gly Thr Gly Lys Thr Thr Leu Leu Asn Val Leu Ser Ser Phe
245 250 255

Ile Pro Glu Gly Glu Arg Ile Val Thr Ile Glu Asp Ala Val Glu Leu
260 265 270

Gln Leu Gln Gln Asp His Val Val Arg Leu Glu Ser Arg Pro Pro Asn
275 280 285

Ile Glu Gly Lys Gly Ala Val Thr Ile Arg Asp Leu Val Arg Asn Ser
290 295 300

Leu Arg Met Arg Pro Asp Arg Ile Val Val Gly Glu Cys Arg Gly Gly
305 310 315 320

Glu Ser Leu Asp Met Leu Gln Ala Met Asn Thr Gly His Asp Gly Ser
325 330 335

Leu Ser Thr Val His Ala Asn Ser Pro Arg Asp Ala Ile Ala Arg Leu
340 345 350

Glu Thr Leu Val Leu Met Ala Gly Met Asp Leu Pro Leu Arg Ala Ile
355 360 365

Arg Glu Gln Ile Ala Ser Ala Val Asp Val Ile Val Gln Leu Thr Arg
370 375 380

Leu Arg Asp Gly Thr Arg Arg Val Thr His Val Thr Glu Val Gln Gly
385 390 395 400

Met Glu Gly Glu Ile Val Thr Leu Gln Asp Ala Phe Leu Phe Asp Tyr
405 410 415

Ser Ala Gly Val Asp Ala Arg Gly Arg Phe Leu Gly Arg Pro Gln Pro
420 425 430

Thr Gly Val Arg Pro Arg Phe Thr Asp Lys Phe Arg Asp Leu Gly Ile
435 440 445

Ala Leu Ser Pro Ser Val Phe Gly Val Gly Glu Pro Ser Arg Gly Arg
450 455 460

Ala
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465

<210> SEQ ID NO 42

<211> LENGTH: 623

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 42

Met Ser Arg Cys Val Val Ala Val Val Leu Ala Leu Gly Ala Gly Val
1 5 10 15

Leu Gly Ile Pro Ala Val Ala Ala Ala Ala Glu Thr Glu Ala Val Gln
20 25 30

Val Ser Ala Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile
35 40 45

Leu Ala Pro Pro Gly Ile Glu Gly Gln Ala Ile Asp Pro Gly Thr Phe
50 55 60

Ala Leu Thr Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Gln Gln
65 70 75 80

Pro Gly Ser Glu Gln Asp Ile Val Leu Ala Ile Asp Val Ser Gly Gly
85 90 95

Met Ser Gly Pro Ala Leu Asp Asp Val Lys Arg Ala Ala Ser Asp Phe
100 105 110

Val Arg Gln Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser
115 120 125

Ser Thr Pro Gln Val Leu Ser Glu Leu Thr Thr Asp Ser Glu Asp Leu
130 135 140

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

Asp Ser Val Val Thr Ala Ala Glu Met Leu Glu Arg Gly Glu Ala Ala
165 170 175

Asn Asn Ile Leu Leu Leu Leu Thr Asp Gly Ala Asp Thr Ser Ser Ala
180 185 190

His Ser Met Ser Glu Leu Pro Ser Val Leu Ser Arg Ser Arg Ala Ser
195 200 205

Leu Tyr Ala Val Gln Met Ser Thr Pro Glu Thr Asn Ser Ala Leu Leu
210 215 220

Gln Gln Val Ala Arg Glu Ser Arg Gly Gln Tyr Ala Ser Ala Gly Asp
225 230 235 240

Thr Ala Ala Leu Gly Ala Ile Tyr Gln Ser Ala Ala Arg Ala Leu Gly
245 250 255

Asn Leu Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Gln
260 265 270

Val Val Ala Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro
275 280 285

Phe Pro Val Thr Leu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala
290 295 300

Gly Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Leu Val Ile Gly
305 310 315 320

Leu Leu Ala Cys Tyr Ser Ala Leu Ala Gly Gly Val Leu Ala Val Ala
325 330 335

Gly Arg Ala Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Gln Asp
340 345 350
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Gly Arg Asp Ser Met Leu Ser Arg Phe Ala Glu Arg Leu Val Gln Trp
355 360 365

Ile Asp Gln Asn Leu Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Gln
370 375 380

Ala Leu Gln Glu Ala Gly Leu Lys Leu Arg Pro Gly Asp Phe Ile Ala
385 390 395 400

Leu Val Gly Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Leu Leu Ala
405 410 415

Ser Gly Ile Val Ala Ala Leu Leu Leu Ala Ala Ile Thr Val Gly Leu
420 425 430

Ser Arg Ile Tyr Leu Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe
435 440 445

Ala Asp Gln Leu Asp Asp Ser Leu Gln Leu Leu Ala Ser Asn Leu Arg
450 455 460

Ala Gly His Ser Met Leu Arg Ala Leu Asp Ser Leu Ser Arg Glu Ala
465 470 475 480

Glu Val Pro Thr Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg
485 490 495

Val Gly Arg Asp Leu Asn Glu Ser Leu Asp Asp Val Ala Arg Arg Met
500 505 510

Arg Ser Asp Asp Phe Asn Trp Ile Ala Gln Ala Ile Ala Ile Asn Arg
515 520 525

Glu Val Gly Gly Asp Leu Ala Glu Val Leu Asp Gln Val Gly Asn Thr
530 535 540

Ile Arg Glu Arg Asn Gln Ile Arg Arg Gln Val Lys Ala Leu Ala Ala
545 550 555 560

Glu Gly Lys Leu Ser Ala Tyr Val Leu Met Ala Leu Pro Phe Gly Leu
565 570 575

Thr Ala Phe Leu Leu Val Ser Asn Pro Asp Tyr Leu Ser Lys Leu Thr
580 585 590

Gly Ser Ala Ile Gly Tyr Val Met Ile Ala Val Gly Leu Val Met Leu
595 600 605

Thr Val Gly Gly Leu Trp Met Asn Lys Val Val Ser Val Lys Phe
610 615 620

<210> SEQ ID NO 43

<211> LENGTH: 621

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 43

Met Ser Arg Cys Val Val Ala Val Val Leu Ala Leu Gly Ala Gly Val
1 5 10 15

Leu Gly Ile Pro Ala Val Ala Ala Ala Ala Glu Thr Glu Ala Val Gln
20 25 30

Val Ser Ala Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile
35 40 45

Leu Ala Pro Pro Gly Ile Glu Gly Gln Ala Ile Asp Pro Gly Thr Phe
50 55 60

Ala Leu Thr Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Gln Gln
65 70 75 80

Pro Gly Ser Glu Gln Asp Ile Val Leu Ala Ile Asp Val Ser Gly Gly
85 90 95
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Met Ser Gly Pro Ala Leu Asp Asp Val Lys Arg Ala Ala Ser Asp Phe
100 105 110

Val Arg Gln Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser
115 120 125

Ser Thr Pro Gln Val Leu Ser Glu Leu Thr Thr Asp Ser Glu Asp Leu
130 135 140

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

Asp Ser Val Val Thr Ala Ala Glu Met Leu Glu Arg Gly Glu Ala Ala
165 170 175

Asn Asn Ile Leu Leu Leu Leu Thr Asp Gly Ala Asp Thr Ser Ser Ala
180 185 190

His Ser Met Ser Glu Leu Pro Ser Val Leu Ser Arg Ser Arg Ala Ser
195 200 205

Leu Tyr Ala Val Gln Met Ser Thr Pro Glu Thr Asn Ser Ala Leu Leu
210 215 220

Gln Gln Val Ala Arg Glu Ser Arg Gly Gln Tyr Ala Ser Ala Gly Asp
225 230 235 240

Thr Ala Ala Leu Gly Ala Ile Tyr Gln Ser Ala Ala Arg Ala Leu Gly
245 250 255

Asn Leu Tyr Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Gln
260 265 270

Val Val Ala Ser Val Arg Ser Gly Ala Ala Gly Arg Val Ser Asp Pro
275 280 285

Phe Pro Val Thr Leu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala
290 295 300

Gly Thr Val Asp Gly Phe Phe Thr Ser Ser Thr Gly Leu Val Ile Gly
305 310 315 320

Leu Leu Ala Cys Tyr Ser Ala Leu Ala Gly Leu Ala Val Ala Gly Arg
325 330 335

Gly Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Gln Asp Gly Arg
340 345 350

Asp Ser Met Leu Ser Arg Phe Ala Glu Arg Leu Val Gln Trp Ile Asp
355 360 365

Gln Asn Leu Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Gln Ala Leu
370 375 380

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

Gly Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Leu Leu Ala Ser Gly
405 410 415

Ile Val Ala Ala Leu Leu Leu Ala Ala Ile Thr Val Gly Leu Ser Arg
420 425 430

Ile Tyr Leu Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala Asp
435 440 445

Gln Leu Asp Asp Ser Leu Gln Leu Leu Ala Ser Asn Leu Arg Ala Gly
450 455 460

His Ser Met Leu Arg Ala Leu Asp Ser Leu Ser Arg Glu Ala Glu Val
465 470 475 480

Pro Thr Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg Val Gly
485 490 495
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Arg Asp Leu Asn Glu Ser Leu Asp Asp Val Ala Arg Arg Met Arg Ser
500 505 510

Asp Asp Phe Asn Trp Ile Ala Gln Ala Ile Ala Ile Asn Arg Glu Val
515 520 525

Gly Gly Asp Leu Ala Glu Val Leu Asp Gln Val Gly Asn Thr Ile Arg
530 535 540

Glu Arg Asn Gln Ile Arg Arg Gln Val Lys Ala Leu Ala Ala Glu Gly
545 550 555 560

Lys Leu Ser Ala Tyr Val Leu Met Ala Leu Pro Phe Gly Leu Thr Ala
565 570 575

Phe Leu Leu Val Ser Asn Pro Asp Tyr Leu Ser Lys Leu Thr Gly Ser
580 585 590

Ala Ile Gly Tyr Val Met Ile Ala Val Gly Leu Val Met Leu Thr Val
595 600 605

Gly Gly Leu Trp Met Asn Lys Val Val Ser Val Lys Phe
610 615 620

<210> SEQ ID NO 44

<211> LENGTH: 620

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 44

Met Ser Arg Cys Val Val Ala Val Val Leu Ala Leu Gly Ala Gly Val
1 5 10 15

Leu Gly Ile Pro Ala Val Ala Ala Ala Glu Ala Val Gln Val Ser Ala
20 25 30

Val Asp Thr Thr Arg Phe Pro Asp Ile Glu Val Ser Ile Leu Ala Pro
35 40 45

Pro Gly Ile Glu Gly Gln Ala Ile Asp Pro Gly Thr Phe Ala Leu Thr
50 55 60

Glu Gly Gly Val Pro Arg Glu Ile Glu Val Arg Gln Gln Pro Gly Ser
65 70 75 80

Glu Gln Asp Ile Val Leu Ala Ile Asp Val Ser Gly Gly Met Ser Gly
85 90 95

Pro Ala Leu Asp Asp Val Lys Arg Ala Ala Ser Asp Phe Val Arg Gln
100 105 110

Ala Pro Thr Gly Ala His Ile Gly Ile Val Ala Ile Ser Ser Thr Pro
115 120 125

Gln Val Leu Ser Glu Leu Thr Thr Asp Ser Glu Asp Leu Leu Arg Arg
130 135 140

Ile Asp Gly Leu Lys Ala Gly Gly Asn Ser Ala Ile Ala Asp Ser Val
145 150 155 160

Val Thr Ala Ala Glu Met Leu Glu Arg Gly Glu Ala Ala Asn Asn Ile
165 170 175

Leu Leu Leu Leu Thr Asp Gly Ala Asp Thr Ser Ser Ala His Ser Met
180 185 190

Ser Glu Leu Pro Ser Val Leu Ser Arg Ser Arg Ala Ser Leu Tyr Ala
195 200 205

Val Gln Met Ser Thr Pro Glu Thr Asn Ser Ala Leu Leu Gln Gln Val
210 215 220

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

Val Val Arg Tyr Arg Ser Glu Ala Asn Gly Asp Thr Gln Val Val Ala
260 265 270

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

Thr Leu Pro Gly Val Val Pro Thr Pro Ser Val Val Ala Gly Thr Val
290 295 300

Asp Gly Phe Phe Thr Ser Ser Thr Gly Leu Val Ile Gly Leu Leu Ala
305 310 315 320

Cys Tyr Ser Ala Leu Ala Gly Gly Val Leu Ala Val Ala Gly Arg Ala
325 330 335

Pro Ala Arg Ile Ser Ala Ala Arg Arg Gly Arg Gln Asp Gly Arg Asp
340 345 350

Ser Met Leu Ser Arg Phe Ala Glu Arg Leu Val Gln Trp Ile Asp Gln
355 360 365

Asn Leu Arg Arg Arg Gly Arg Ile Ala Ala Arg Thr Gln Ala Leu Gln
370 375 380

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

Ala Ala Ala Ile Thr Ala Ala Ala Ile Gly Leu Leu Ala Ser Gly Ile
405 410 415

Val Ala Ala Leu Leu Leu Ala Ala Ile Thr Val Gly Leu Ser Arg Ile
420 425 430

Tyr Leu Arg Val Met Ala Gly Arg Arg Arg Ala Ala Phe Ala Asp Gln
435 440 445

Leu Asp Asp Ser Leu Gln Leu Leu Ala Ser Asn Leu Arg Ala Gly His
450 455 460

Ser Met Leu Arg Ala Leu Asp Ser Leu Ser Arg Glu Ala Glu Val Pro
465 470 475 480

Thr Ser Glu Glu Phe Ala Arg Ile Val Asn Glu Thr Arg Val Gly Arg
485 490 495

Asp Leu Asn Glu Ala Leu Asp Asp Val Ala Arg Arg Met Arg Ser Asp
500 505 510

Asp Phe Asn Trp Ile Ala Gln Ala Ile Ala Ile Asn Arg Glu Val Gly
515 520 525

Gly Asp Leu Ala Glu Val Leu Asp Gln Val Gly Asn Thr Ile Arg Glu
530 535 540

Arg Asn Gln Ile Arg Arg Gln Val Lys Ala Leu Ala Ala Glu Gly Lys
545 550 555 560

Leu Ser Ala Tyr Val Leu Met Ala Leu Pro Phe Gly Leu Thr Ala Phe
565 570 575

Leu Leu Val Ser Asn Pro Asp Tyr Leu Ser Lys Leu Thr Gly Ser Ala
580 585 590

Ile Gly Tyr Val Met Ile Ala Val Gly Leu Val Met Leu Thr Val Gly
595 600 605

Gly Leu Trp Met Asn Lys Val Val Ser Val Lys Phe
610 615 620

<210> SEQ ID NO 45
<211> LENGTH: 296
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<212> TYPE: PRT
<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 45

Val Ile Pro Pro Leu Val Leu Met Ala Ala Leu Ser Val Gly Gly Ala
1 5 10 15

Leu Gly Val Leu Val Trp Leu Thr Ala Gly Ala Arg Asp Pro Glu Arg
20 25 30

Gly Pro Ala Leu Gln Asn Leu Gln Ser Gln Leu Ala Leu Pro Ile Pro
Glu Ser Gly Gly Ala Pro Pro Leu Ser Leu Gly Arg Phe Val Lys Leu
50 55 60

Leu Ser Pro Pro Gly Thr Met Ala Arg Leu Glu Arg Leu His Ile Leu
65 70 75 80

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys
85 90 95

Ile Val Leu Ala Ala Ala Ala Ala Leu Leu Gly Leu Leu Ala Val Gly
100 105 110

Ala Ser Pro Gly Val Gly Arg Val Leu Phe Ala Ala Ala Ala Val Ala
115 120 125

Leu Ala Tyr Phe Val Pro Glu Leu Leu Leu Gln Ser Arg Gly Gln Glu
130 135 140

Arg Gln Ala Ala Ile Glu Leu Ala Leu Ala Asp Thr Leu Asp Gln Met
145 150 155 160

Thr Ile Ala Val Glu Ala Gly Leu Gly Phe Glu Ala Ala Met Gln Arg
165 170 175

Ala Ala Lys Asn Gly Lys Gly Pro Leu Ala Glu Glu Phe Ile Arg Thr
180 185 190

Leu Gln Asp Ile Gln Met Gly Gln Ser Arg Arg Ile Ala Tyr Leu Asp
195 200 205

Leu Ala Ala Arg Thr Lys Ala Pro Asn Leu Arg Arg Phe Leu Arg Ala
210 215 220

Val Ile Gln Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Leu Arg
225 230 235 240

Thr Gln Ala Ser Glu Met Arg Leu Lys Arg Arg Gln Ser Ala Glu Glu
245 250 255

Lys Ala Met Lys Val Pro Val Lys Val Leu Phe Pro Leu Met Thr Cys
260 265 270

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn
275 280 285

Met Met Glu Val Leu Gly Gly Met
290 295

<210> SEQ ID NO 46

<211> LENGTH: 296

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 46

Val Ile Pro Pro Leu Val Leu Val Ala Ala Leu Ser Val Gly Gly Ala
1 5 10 15

Leu Gly Val Leu Val Trp Leu Thr Ala Gly Ala Arg Asp Pro Glu Arg
20 25 30
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Gly Pro Ala Leu Gln Asn Leu Gln Ser Gln Leu Ala Leu Pro Ile Pro
35 40 45

Val Ser Gly Gly Ala Pro Pro Leu Ser Leu Gly Arg Phe Val Lys Leu
50 55 60

Leu Ser Pro Pro Gly Thr Met Ala Arg Leu Glu Arg Leu His Ile Leu
65 70 75 80

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys
85 90 95

Ile Val Leu Ala Ala Ala Ala Ala Leu Leu Gly Leu Leu Ala Val Gly
100 105 110

Ala Ser Pro Gly Val Gly Arg Val Leu Phe Ala Ala Ala Ala Val Ala
115 120 125

Leu Ala Tyr Phe Val Pro Glu Leu Leu Leu Gln Ser Arg Gly Gln Glu
130 135 140

Arg Gln Ala Ala Ile Glu Leu Ala Leu Ala Asp Thr Leu Asp Gln Met
145 150 155 160

Thr Ile Ala Val Glu Ala Gly Leu Gly Phe Glu Ala Ala Met Gln Arg
165 170 175

Ala Ala Lys Asn Gly Lys Gly Pro Leu Ala Glu Glu Phe Ile Arg Thr
180 185 190

Leu Gln Asp Ile Gln Met Gly Gln Ser Arg Arg Ile Ala Tyr Leu Asp
195 200 205

Leu Ala Ala Arg Thr Lys Ala Pro Asn Leu Arg Arg Phe Leu Arg Ala
210 215 220

Val Ile Gln Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Leu Arg
225 230 235 240

Thr Gln Ala Ser Glu Met Arg Leu Lys Arg Arg Gln Ser Ala Glu Glu
245 250 255

Lys Ala Met Lys Val Pro Val Lys Val Leu Phe Pro Leu Met Thr Cys
260 265 270

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn
275 280 285

Met Met Glu Val Leu Gly Gly Met
290 295

<210> SEQ ID NO 47

<211> LENGTH: 296

<212> TYPE: PRT

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 47

Val Ile Pro Pro Leu Val Leu Met Ala Ala Leu Ser Val Gly Gly Ala
1 5 10 15

Leu Gly Val Leu Val Trp Leu Thr Ala Gly Ala Arg Asp Pro Glu Arg
20 25 30

Gly Pro Ala Leu Gln Asn Leu Gln Ser Gln Leu Ala Leu Pro Ile Pro
35 40 45

Glu Ser Gly Gly Ala Pro Pro Ile Ser Leu Gly Arg Phe Val Lys Leu
50 55 60

Leu Ser Pro Pro Gly Thr Met Ala Arg Leu Glu Arg Leu His Ile Leu
65 70 75 80

Ala Gly Arg Pro Ala Ala Trp Val Pro Glu Arg Ala Ala Met Ala Lys
85 90 95
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Ile Val Leu Ala Ala Ala Ala Ala Leu Leu Gly Leu Leu Ala Ala Gly
100 105 110

Ala Ser Pro Gly Val Gly Arg Val Leu Phe Ala Ala Ala Ala Val Ala
115 120 125

Leu Ala Tyr Phe Val Pro Glu Leu Leu Leu Gln Ser Arg Val Gln Glu
130 135 140

Arg Gln Ala Ala Ile Glu Leu Ala Leu Ala Asp Thr Leu Asp Gln Met
145 150 155 160

Thr Ile Ala Val Glu Ala Gly Leu Gly Phe Glu Ala Ala Met Gln Arg
165 170 175

Ala Ala Lys Asn Gly Lys Gly Pro Leu Ala Glu Glu Phe Ile Arg Thr
180 185 190

Leu Gln Asp Ile Gln Met Gly Gln Ser Arg Arg Ile Ala Tyr Leu Asp
195 200 205

Leu Ala Ala Arg Thr Lys Ala Pro Asn Leu Arg Arg Phe Leu Arg Ala
210 215 220

Val Ile Gln Ala Asp Glu Tyr Gly Val Ala Ile Ala Glu Val Leu Arg
225 230 235 240

Thr Gln Ala Ser Glu Met Arg Leu Lys Arg Arg Gln Ser Ala Glu Glu
245 250 255

Lys Ala Met Lys Val Pro Val Lys Val Leu Phe Pro Leu Met Thr Cys
260 265 270

Ile Leu Pro Thr Ile Phe Ile Val Ile Leu Gly Pro Ala Val Ile Asn
275 280 285

Met Met Glu Val Leu Gly Gly Met
290 295

<210> SEQ ID NO 48

<211> LENGTH: 789

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 48

gtgatcgteg cagegggegt cggegetgeco ctectgggea tectegeegyg ggegttegea 60
aacagtgcga tcgaccgegt gegectggag accgegtgeg cegagecgaa gtcegacccecce 120
gccaactcaa ccccgeegte ceccctecect acgteegegg tggecgeccyg gatcgegatg 180
atcgacacca tcacgecgacg acacgacatce agtgecegec gegtgetegt cgaactcegca 240
actgcectee tgttegtege gatcactete cgtctegeeg ctetegatcet tcetcecceggea 300
gcaccggect atctetggtt cgcegtegte gggatcgece tegecgtcat cgacatcegat 360
tgcaaacgge tgccgaactt cctegtegta cegtegtace cgatcgtatt cgectgectg 420
gecagtgggtt ccgtegtcac gggcegactgyg teggecctge tgegegecge gatcggtgec 480
geegtectgt tegggttcta cttegtacte gecctgatet atceggeegyg catggggtte 540
ggcgacgtca aacttgeccgg cgtcatcegge gecegtecteg cctacctgte gtacggeaca 600
ctgctegteg gggegtttet cgegttectyg gtggecgeac tegteggect gatcatcctg 660
gtcaccegte geggacggat cgggaccacyg attcectteg ggecgtacat gattgeggeg 720
geegtegttyg cgatcectgge agecgatceg ctggegegtg cgtatctgga ctgggecgec 780

gcggectga 789
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<210> SEQ ID NO 49

<211> LENGTH: 789

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 49

gtgatcgteg cagegggegt cggegecgca ctectgggea tecttgeegyg ggeattegea
aacagtgcga tcgaccgegt gegectggag accgegtgeg cegagecgag ggegacccecce
accggctcaa ccccgecgece ceectecect acgtecgegg tagecaccceg gatcgegatg
atcgacacca tcacgecgacg acgcgacate agtgeccgec geatgetegt cgaactcegca
acggcectee tgttegtege gatcactete cgtetegeeg ctetegatcet tcetcecceggea
gcaccggect atctetggtt cgcegtcate gggatcgece tegecgtcat cgacatcegat
tgcaaacgge tgccgaactt cctegtegta cegtegtace cgatcgtatt cgectgectg
gecagtgggtt ccgtegtcac gggcegactgyg teggecctge tgegegecge gatcggtgec
geegtectgt tegggttcta cttegtacte gecctgatet atceggeegyg catggggtte
ggcgacgtca aacttgeccgg cgtcatcegge gecegtecteg cctacctgte gtacggeaca
ctgctegteg gggegtttet cgegttectyg gtggecgeac tegtgggect catcatcctg
gtcaccegte geggtceggat cgggaccacyg attcectteg ggeccgtacat gattgeggeg
geegtegtty cgatectege ggccgatceg ctggegegtyg cgtatctgga ctgggecgec
geggectga

<210> SEQ ID NO 50

<211> LENGTH: 789

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 50

gtgatcgteg cagegggegt cggegecgea ctectgggta tectegeegyg ggegttegeg
aacagtgcga tcgaccgegt gegectggag accgegtgeg cegagecgaa gtcegacccecce
accggctcaa ccccgecgee ceectecect gegtecgegg tagecaceceg gatcgegatg
atcgacacca tcacgecgacg acgcgacate agtgeccgec geatgetegt cgaactcegca
acggcectee tgttegtege gatcactete cgtetegeeg cteteggtet tcetceceggea
gcaccggect atctetggtt cgcegtcate gggatcgece tegecgtcat cgacatcegat
tgcaaacgge tgccgaactt cctegtegta cegtegtace cgatcgtatt cgectgectg
gecagtgggtt ccgtegtcac gggcegactgyg teggecctge tgegegecge gatcggtgec
geegtectgt tegggttcta cttegtacte gecctgatet atceggeegyg catggggtte
ggcgacgtca aacttgeccgg cgtcatcegge gecegtecteg cctacctgte gtacggeaca
ctgctegteg gggegtttet cgegttectyg gtggecgeac tegteggect gatcatcctg
gtcaccegte geggacggat cgggaccacyg attcectteg ggecgtacat gattgeggeg
geegtegttyg cgatectgge ggccgatceg ctggegegeg cgtatctgga ctgggecgec
geggectga

<210> SEQ ID NO 51

<211> LENGTH: 213
<212> TYPE: DNA
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<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 51
atgaacctcet tcttegegaa cctgtaccte atgggcettag acgtcaagga ccgtctgace 60
cgtgacgace gcggegecac tgcggtegag tacggactga tggtegeegyg catcgegatg 120
gtgatccteca ttgeggtcett cgecttegge ggcaagatca gegagetgtt tageggette 180
aatttcgaca agcccgctge gtecgggcacg tag 213
<210> SEQ ID NO 52
<211> LENGTH: 204
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 52
atgaacctcet tcttegegaa cctgtaccte atgggcettag acgtcaagga ccgtctgace 60
cgtgacgace gcggegecac tgcggtegag tacggactga tggtegeegyg catcgegatg 120
gtgatcatca tcgecgtett tgccttegge ggcagactca gecaccctgtt ccagaactte 180
aacttcgcca acccgggtaa ctag 204
<210> SEQ ID NO 53
<211> LENGTH: 408
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 53
atgggcatgce gccegttttgg ttectgattet ggtgctgeceyg cagtcgaatt cgctcetegtt 60
gtteccgatte tgatcacact ggtectegge atcegtggagt teggtegggg atacaacgtce 120
cagaacgcegg tcagegetge tgcccgegag ggtgcacgga cgatggcgat caagaaggat 180

ceggeggegyg cgcegtgecge cgtgaaggge gegggtgtgt tcagtecgge gatcaccgat 240

geggagatct gcatcagcac ttcgggaacyg cagggctgtt cggcaacgtce gtgeccgage 300
ggaagtaccg tgacgctcac ggtcagctat ccactcgagt acatgacggyg actctttecc 360
ggtaagccga cgctcaccgg cacgggggte atgcegatgeg gtgggtga 408

<210> SEQ ID NO 54

<211> LENGTH: 408

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 54

gtgatcatga agcgcctcac ttccgattca ggggtcegeeg cagtcgaatt cgetetegte 60
gttcegatcee tgatcacact ggtectegge atcegtcegagt teggtegggyg atacaacgte 120
cagaacgegg tcagegetge tgeccgegag ggtgcacgga cgatggegat caagaaggat 180

ceggeggegyg cgcegtgecge cgtgaaggge gegggtgtgt tcagtecgge gatcaccgat 240

geggagatct gcatcagcac ttegggeteg cagggetgtt cggcaacgtce gtgtecgage 300
ggaagtaccg tgacgctcac ggtcagctat ccactcgagt acatgacggyg actctttecc 360
ggtaagccga cgctcaccgg cacgggggte atgcegatgeg gtgggtga 408

<210> SEQ ID NO 55
<211> LENGTH: 393
<212> TYPE: DNA
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<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 55
ttgcegtteeg attcaggggt cgccgeagte gaattegete tegtegttee gatcctgate 60
acactggtce tcggcategt ggagtteggt cggggttaca acgtccagaa cgeggtcage 120

getgetgece gegagggtge acggacgatyg gcegatcaaga aggatccgge ggeggegegt 180

getgeegtga agggegeggg tgtgttcagt ceggcegatca ccegatgegga gatctgeatc 240
agcacttegg gaacgcaggg ctgtteggea acgtegtgte cgageggaag taccgtgacg 300
ctcacggtca gctatccact cgagtacatg acgggactet ttcecggtaa gecgacgete 360
accggcacgg gggtcatgeg atgcggtggg tga 393

<210> SEQ ID NO 56

<211> LENGTH: 966

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 56

atgceggtggg tgaggtceteg catgtctaat gacgagegeg gggtegtege cgtgetegte 60
gegatcectca tggtegtget cetgggatgt getgegatcet cggtegacat cggtgegaac 120
tatgtcegtca aacgtcagtt geagaacggg gecgatgegg ctgegetege cgtagetcag 180
gaatccagtt gcaaggcagg atcttccgece tcatcegtgt cgagecttgt ccaggegaac 240
gtcaacagct cgtcggette aagtgeggeyg gtgatcgacg gtgtgaageyg gaaggtgacyg 300

gtcactgegt cggeggtggg tgacgacgge ctegecggee ggaggaacgt gttegeteeg 360

gtceteggag tcgaccgcag cgagatcteg gegtetgega ctgcaagetyg cgtgtttece 420
ctegggggga ccgeggaact cecgetcacg ttecacaagt gecatttega cgaatcccege 480
agtctggacyg tgaagatcct cgtegectac aacgtgacgg cgcegegetyg caacggaace 540

tcgggaaatyg cggcaccggg caatttegge tggetgeagg gggegaacgg tcegatgecceg 600

gcgaagateyg acgccgcecegt ctatgcaaca ccgggcgaca ccggtaacaa cattccgggyg 660
cegtgcaagg acaccatcaa gcagtttcag aatgccegteg teegggtece gatctacgac 720
gtegcaggty gaaccggaag cggtggatgg tttcacgteg teggtttgge tgecttcaag 780
attcagggct accggctgag cggcaaccceg gagttcaact ggaacaacga tgttcacggg 840
gegetgagtt gcaccggcag ctgtegegge atcatcggea ccttcegtgaa aattgtcage 900
ctegattegg atctgacgcce gggagggatce gattteggeg tgagtacgat cagettgcete 960
gattag 966

<210> SEQ ID NO 57

<211> LENGTH: 966

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 57

atgceggtggg tgaggtceteg catgtegaat gacgagegeg gggtegtege cgtgttegte 60
gegatcectca tggtegtget cetgggatgt getgegatcet cggtegacat cggtgegaac 120
tatgtcegtca aacgtcagtt geagaacggg gecgatgegg ctgegetege cgtagetcag 180

gaatccagtt gcaaggcagg atcttccgece tcatcegtgt cgaggettgt ccaggegaac 240
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gtcaacagct cgtcggette aagtgeggeyg gtgatcgacg gtgtgaageyg gaaggtgacyg 300

gtcactgegt cggeggtggg tgacgacgge ctegecggee ggaggaacgt gttegeteeg 360

gtecteggayg tcgaccgcag cgagatcteg gegtcetgega ctgcaagetg cgtgtttecce 420
ctegggggga ccgeggaact cccgctcacg ttecacaagt gecatttega cgaatcccge 480
agtctggacg tgaagatcct cgtcgectac aacgtgacgg cgecgegetyg caacggaacce 540
tcgggaaatyg cggcaccggg caatttegge tggctacagyg gggtgaacgyg tcegatgeccg 600
gcgaagateyg acgcggccgt ctatgcaaca ccgggcgaca ccggtaacaa cattccgggg 660
cegtgcaagg acaccatcaa gcagtttcag aatgccegteg teegggtece gatctacgac 720
gtegcaggty gaaccggaag cggtggatgg tttcacgteg teggtttgge tgecttcaag 780
attcagggct accggctgag cggcaaccceg gagttcaact ggaacaacga tgttcacgga 840
gegetgagtt gcaccggcag ctgtegegge atcatcggea ccttcegtgaa aattgtcage 900
ctegattegg atctgacgcce gggagggatce gattteggeg tgagtacgat cagettgcete 960
gattag 966

<210> SEQ ID NO 58

<211> LENGTH: 966

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 58

atgceggtggg tgaggtceteg catgtctaat gacgagegeg gggtegtege cgtgetegte 60
gegatcectca tggtegtget cetgggatgt getgegatcet cggtegacat cggtgegaac 120
tatgtcegtca aacgtcagtt geagaacggg gecgatgegg ctgegetege cgtagetcag 180
gaatccaatt gcaaggcagg atcttccgece tcatcegtgt cgagecttgt ccaggegaac 240
gtcaacagct cgtcggette aagtgeggeyg gtgatcgacg gtgtgaageyg gaaggtgacyg 300

gtcactgegt cggeggtggg tgacgacgge ctegecggee ggaggaacgt gttegeteeg 360

gtecteggayg tcgaccgcag cgagatcteg gegtcetgega ctgcaagetg cgtgtttecce 420
ctegggggga ccgeggaact cccgctcacg ttecacaagt gecatttega cgaatcccge 480
agtctggacg tgaagatcct cgtcgectac aacgtgacgg cgecgegetyg caacggaacce 540
tcgggaaatyg cggcaccggg caatttegge tggetgcagyg gggcgaacgyg tcgatgeccg 600
gcgaagateyg accccaccgt ctatgcaaca ccgggcgaca ccggtaacaa cattccgggg 660
cegtgcaagg acaccatcaa gcagtttcag aatgccegteg teegggtece gatctacgac 720
gtegcaggty gaaccggaag cggtggatgg tttcacgteg teggtttgge tgecttcaag 780
attcagggct accggctgag cggcaaccceg gagttcaact ggaacaacga tgttcacggg 840
gegetgagtt gcaccggcag ctgtegegge atcatcggta ccttegtgaa aattgtcage 900
ctegattegg atctgacgcce gggagggatce gattteggeg tgagtacgat cagettgcete 960
gattag 966

<210> SEQ ID NO 59

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 59
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ttgagaaccc gaatcattgce tgcgatctgt gecgatcgtte tcegeggtcege gggaaccctce 60
gccctgatet cgtatgtacg cggggccgat gecccgcegecce tggegggtac acgcaccgtc 120
gatgtgcteg tcgccgatca gacgattcceg aagaacactc ccecgecgattce gectcegtggga 180
atggttgtgg tcaagaaact tccggaaatg gcggtgctac ccgaacgggt gaccagtctce 240
gaccaactgt ccggcaaggt cgcgctgacc gacctcctac ctggcgaaca actggtcteg 300
gcgegatteg ccgaccegge gaccgcccga agtcaggacce agggaggaat ccccgagggg 360
atgcaggagg tgacggttct tctcgagceg caacgcgcac tgggaggcca catcgegtca 420
ggcgataccg tcggegtett catgtcctte tecgccgcccg tcaagaacta cgaaacacat 480
ctgagattgc agaaagtgcg agtcacgcgg gtccagggaa cgttttccaa cgccgacgaa 540
ggggattcgg ccacggtcga ctegtcegeceg agccctgete ccaccgagge ctttetegte 600

tegetggegyg tcegacgtgcee gatggeggag cgegtegttt tegecgegga gcacgggace 660
atctggettt ccaatgagcce getgagtteg aacgaggecyg gggcatcegt ggtctecceg 720
gaaggagtgt tccgatga 738
<210> SEQ ID NO 60

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 60

ttgagaacce gaatcattge tgcgatctgt gegategtte tegeggtege gggaacccte 60
gecctgatet cgtatgtacg cggggcecgat geccgegecoe tggegggtac acgcaccegte 120
gatgtgcteg tcgccgatca gacgattceg aagaacacte ccgecgatte getegtggga 180
atggttgtgg tcaagaaact tccggaaatg geggtgetac cegaacgggt gaccagtcete 240
gaccaactgt ccggcaaggt cgcgctgacce gacctectge cgggcgaaca actggteteg 300
gegegatteg cagaccegge gaccgeccga agtcaggacce agggaggaat ccccgagggg 360
atgcaggagg tgacggttet tctegagece caacgegeac tgggaggeca catcgegecg 420
ggcgataccg tcggegtett catgtectte tegecgeceg tcaagaacta cgaaacacat 480
ctgagattge agaaagtgeg agtcacgegg gtecagggaa cgttttccaa cgecgacgaa 540
ggggattcegg ccacggtcga ctegtegeeg agecctgete ccaccgagge ctttetegte 600

tegetggegyg tcegacgtgcee gatggeggag cgegtegttt tegecgegga gcacgggace 660
atctggettt ccaatgagcce getgagtteg aacgaggecyg gggcatcegt ggtctecceg 720
gaaggagtgt tccgatga 738
<210> SEQ ID NO 61

<211> LENGTH: 738

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 61

ttgagaacce gaatcattge tgcgatctgt gegategtte tegeggtege gggaacccte 60
gecctgatet cgtatgtacg cggggcecgat geccgegecoe tggegggtac acgcaccegte 120
gatgtgcteg tcgccgatca gacgattceg aagaacacte ccgecgatte getegtggga 180

atggttgtgg tcaagaaact tccggaaatg geggtgetac cegategggt gaccagtcete 240
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gaccaactgt ccggcaaggt cgcgctgacc gacctcctge ctggcgaaca actggtcteg 300
gcgegatteg tcgaccegge gaccgcccga agtcaggacce agggaggaat ccccgagggg 360
atgcaggagg tgacggttct tctcgagceg caacgcgcac tgggaggcca catcgegtca 420
ggcgataccg tcggegtett catgtcctte tecgccgcccg tcaagaacta cgaaacacat 480
ctgagattgc agaaagtgcg agtcacgcgg gtccagggaa cgttctccaa cgccgacgaa 540
ggggattcgg ccacggtcga ctegtcegeceg agccctgete ccaccgagge ctttetegte 600

tegetggegyg tegacgtgee gatggeggag cgegtegttt tegecgegga gcacgggace 660
atctggettt ccaatgagece getgagtteg aacgaggeeg gggcatcegt ggtctcecceg 720
gaaggagtgt tccgatga 738
<210> SEQ ID NO 62

<211> LENGTH: 1200

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 62

atgagccgca tegtectget gaccgatege gacgattteg cecgeegegt gtaccacgece 60
geggacggea accttetggt gttgeeggeg cageceggtte ceecgggggece ggegeagttg 120
gtcgggeteg gegtgaccegt gcaacccgaa gttcetegtte teggtecgga cgtgecggaa 180
gtggagggce tctcectege cggecggate gatcattega cgeccggeac cacggtggtt 240
ctggccagtyg atgegggeac cgacgtgtgg ttgegggega tgegegeegg cgtgegggac 300
gtgatgtcge cggaggcgga gatcgeggac gttegtgegg tactegateg agegggecag 360

gecgecactgg cgegacgtca gggggcgagt gcaccggegg agcagcatge ggttcaaggg 420

aaggtcatcg tggtegegte gecgaaagge ggaaccggaa agaccacegt tgcgacgaat 480
cttgcagtag gactegegge ggcagegect cactegacgg tgttggtgga cctcegacgtg 540
cagttcegggyg acgttgecag tgctctecag ttggtteegg aacattgect gaccgacgece 600
gtecgegggee cggccageca ggacatgate gtectcaaga cegtecttac accccattec 660
acaggactge atgecgetgtg tgggtcecgac tegeccgegg cgggegacag catcaccegge 720
gagcaggtga gcactctget gacgcagttyg geggccgaat tccggtacgt ggtegtegac 780
accgegecceg gtttgetega acacaccetyg geggegeteg acctegetac cgacgtegtg 840
ttggtgtegyg gtatggacgt geccagegte cgegggatge acaaggaact gcagttgetg 900
geggagetga atctgggtece ggtegtgegyg catgtegtge tcaactttge ggategacge 960

gaggggctga cggtccagga catccagaac accategggg tcecccgecga tatcgtgatce 1020
aagcggtcga aagccgttge cctcetcegacg aaccggggtg ttccactget tcagaacccg 1080
ggtcgggatc gcactgcgaa agagttgtgg cgactcgteg gecgtatcga tcecggctecce 1140

gataccacca agggtggacg cgcgcggcat cgggcageeg aggceggtggyg ggcgaaatga 1200

<210> SEQ ID NO 63

<211> LENGTH: 1200

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 63

atgagccgca tegtectget gaccgatege gacgattyeg cecgeegegt gtaccacgece 60



US 2012/0225078 Al Sep. 6, 2012
61

-continued

geggacggea accttetggt gttgeeggeg cageceggtte ceecgggggece ggegeagttg 120

gtecgggeteg gegtgaccegt gcaacccgac gttcectegtte teggtecgga cgtgecggaa 180
gtggagggce tctcectege cggecggate gatcattega cgeccggeac cacggtggtt 240
ctggccagtyg atgegggeac cgacgtgtgg ttgagggega tgegegeegg cgtgegggac 300
gtgatgtcge cggaggcgga gatcgeggac gttegtgeeg tactcgateg agecaggtcag 360

gecgegetgyg cgegacgtcea gggggcegagt gcaccggegg agcagcatge ggttcaaggg 420

aaggtcatcg tggtegegte gecgaaagge ggaaccggaa agaccacegt tgcgacgaat 480
cttgcagteg gactegegge ggcagegect cactecacgg tgttggtgga cctcegacgtg 540
cagtteggeg acgttgecag tgctctecag ttggtteegg aacattgect gaccgacgece 600
gtcgegagee cggccagceca ggacatgate gtectcaaga cegtectgac accccattec 660
acaggactge atgcgetgtg tggatcggac tegecegegg cgggegacag catcaccegge 720
gagcaggtga gcactctget gacgcagttyg geggccgaat tccggtacgt ggtegtegac 780
accgegecceg gtttgetega acacaccetyg geggegeteg accttgetac cgacgtegtg 840
ttggtgtegyg gtatggacgt geccagegte cgegggatge acaaggaact gcaattgetg 900
acggagctga atctgggtece ggtegtgegg catgtegtge tcaactttge ggatcgacge 960

gaggggctga cggtccagga catccagaac accategggg tcecccgecga tatcgtgatce 1020
aagcgctcga aagccgttge cctcectcegacg aaccgggggg ttccactget tcagaacccg 1080
ggtcgggatc gcactgcgaa agagttgtgg cgactcgteg gecgtatcga tcecggctecce 1140
gataccgceca agggtggacg cgcgeggcat cgggcageceg aggceggtggg tgcgaaatga 1200
<210> SEQ ID NO 64

<211> LENGTH: 1200

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 64

atgagccgca tcgtectget gaccgatege gacgattteg ceegecgegt gtaccacgece 60
geggacggea accttetggt gttgecggeg cagecggtte ceecgggggece ggegcagttyg 120
gtegggeteg gegtgaccegt gcaacccgac gttetegtte teggtecgga cgtgccggaa 180
gtggagggcee tctecectege cggecggatce gatcattcega cgcccggecac cacggtggtt 240
ctggecagtyg atgegggcac cgacgtgtgg ttgagggcega tgcgegecegyg cgtgegggac 300
gtgatgtege cggaggcgga gatcgeggac gttegtgeceg tactcgatceg agcaggtcag 360

gecgegetgyg cgegacgtcea gggggcegagt gcaccggegg agcagcatge ggttcaaggg 420

aaggtcatcg tggtegegte gecgaaagge ggaaccggaa agaccacegt tgcgacgaat 480
cttgcagteg gactegegge ggcagegect cactecacgg tgttggtgga cctcegacgtg 540
cagtteggeg acgttgecag tgctctecag ttggtteegg aacattgect gaccgacgece 600
gtcgegagee cggccagceca ggacatgate gtectcaaga cegtectgac accccattec 660
acaggactge atgcgetgtg tggatcggac tegecegegg cgggcgacag cattaccegge 720
gagcaggtga gcactctget gacgcagttyg geggccgaat tccggtacgt ggtegtegac 780
accgegecceg gtttgetega acacaccetyg geggegeteg accttgetac cgacgtegtg 840

ttggtgtegyg gtatggacgt geccagegte cgegggatge acaaggaact gcaattgetg 900



US 2012/0225078 Al Sep. 6, 2012
62

-continued

acggagctga atctgggtcce ggtcgtgegg catgtegtge tcaactttge ggatcgacge 960
gaggggctga cggtccagga catccagaac accategggg tcecccgecga tatcgtgatce 1020
aagcgctcga aagccgttge cctcectcegacg aaccgggggg ttccactget tcagaacccg 1080
ggtcgggatc gcactgcgaa agagttgtgg cgactcgteg gecgtatcga tcecggctecce 1140
gataccgceca agggtggacg cgcgeggcat cgggcageceg aggceggtggg tgcgaaatga 1200
<210> SEQ ID NO 65

<211> LENGTH: 1398

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 65

atgagactgt cccaacggcet cgaggeegtyg cgeggageeg cacccgtega agecgecgca 60
ccgatccege cggggaagca ggggaaggeg aaaacgtcece tecctecgge cgacgetcete 120
gecgaactga aggaccgtge gagtgeggece ctgtacacce ggatcggcac ccgettcaac 180
gactcctegt tgagcgagga gcaactgcat ctectggtee gtgaggaact ggecgaaatc 240
gtggagcaag agacgacgcc actcacctte gacgaacgge agegectget cegtgaggtt 300
gecgacgagg tactggggca cggaccgcte cageggctac tggaggaccce gteggtcacce 360
gagatcatgg tcaacagcca cgacatggte tacgtcgage gggacggcac cctegtecge 420
agctcegege gattegegga cgaggegeac ctgegtegeg tgatcgaacg catcegtttece 480
geegteggte gacggatcga cgaategtee cegetegtgg atgcacgett ggeggatgge 540
tccegtgtca acgeggtgat cccaccgete geattcaacg getecteget caccattcega 600
aagttctcga aagatcegtt ccaggtegac gatctcateg cetteggeac tcetcetegeac 660
gagatggceg aactgctcga cgegtgtgtyg caggcegcegac tgaacgtcat cgteteggge 720
ggcacgggca cggggaagac gacgctgete aacgtgctet cgtegttceat teeggaaggg 780
gagcggatceg tcaccatcga ggacgccegtyg gaactgcaac ttcagcagga ccacgtegta 840
cggttggaga gccgaccgece gaacatcgag ggcaagggtg cegtcaccat ccgegacctg 900

gtgcggaact cgetgegtat gegtcccgac cgcategtgg tgggggagtyg tegeggagge 960
gagagtctcg acatgctgca agcgatgaac accggtcacg acgggtcgcet gtcgacggtg 1020
catgcgaatt cgccccgtga cgccatcgceg cgettggaga cgctegtgtt gatggcegggce 1080
atggacttgc cgttgcgggce gatccgggag cagattgcett cggcggtcga cgtgatcgtg 1140
cagctcacte gactacgtga cggcactegg cgagtgacee acgtgaccega ggtccaggge 1200
atggagggtg agatcgtcac actgcaggat gccttceccetgt tcgactacag cgccggcgte 1260
gacgcgegeg ggcegattect cggcagacceyg cagecgacgg gagtgeggeco geggttcacce 1320
gacaaattcc gagatctcgg tattgectttg tcgccgagtg tttteggggt gggagaaccce 1380

tceecggggge gggcatga 1398

<210> SEQ ID NO 66

<211> LENGTH: 1398

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 66

atgagactgt cccaacggcet cgaggeegtyg cgeggageeg cacccgtega agecgecgca 60
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ccgatccege cggggaagca ggggaaggceg aagacgtccce tcccteegge cgacgctcetce 120
gccgaactga aggaccgtge gagtgcggec ctgtacacce ggatcggcac ccgcttcaac 180
gactcctegt tgagcgagga gcaactgcat ctecctggtcce gtgaggaact ggccgagatc 240
gtggagcagg agacgacgcc actcaccttc gacgagcggce agcgcectget ccgtgaggtce 300
gccgacgagg tactggggca cggaccgctt cagcggctac tggaggaccce gtcggtcacc 360
gagatcatgg tcaacagcca cgacatggtc tacgtcgagce gggacggcac cctegttege 420
agctccgege gattcgegga cgaggcgcac ctgcgecgeg tgatcgaacg catcegtttcece 480
gccgteggte gacggatcga cgaatcgtcec cegctegtgg atgcacgett ggeggacgge 540
tccegtgtcea acgcggtgat cccaccgctce gcattcaacg gctecteget caccattcga 600
aagttctcga aagatccgtt ccaggtcgac gatctcateg cctteggcac tctetegeac 660
gagatggcceg aactgctcga cgegtgtgtg caggecgcgac tgaacgtcat cgtcteggge 720
ggcacgggca cggggaagac gacgctgctc aacgtgctct cgtcegttcat tccggaaggg 780
gagcggatcg tcaccatcga ggacgccgtg gaactgcaac ttcagcagga ccacgtcgta 840
cggttggaga gccgaccgcce gaacatcgag ggcaagggeg ccgtcaccat cecgtgacctg 900

gtgcggaact cgetgegtat gegtectgac cgcategtgg tgggggagtyg tegeggagge 960
gagagtctcg acatgctgca agcgatgaac accggtcacg acgggtcgcet gtcgacggtg 1020
catgcgaatt cgccccgtga cgccatcgceg cgettggaga cgctegtgtt gatggcegggce 1080
atggacctgce cgttgcgggce gatccgggag cagattgcett cggcggtcga cgtgatcgtg 1140
cagctcacte gactacgtga cggcactegg cgagtgacee acgtgaccega ggtccaggge 1200
atggagggtg agatcgtcac cctgcaggat gccttceccetgt tcgactacag cgccggcgte 1260
gacgcgegeg ggcegattect cggcagacceyg cagecgacceg gagtgeggeco geggttceacce 1320
gacaaattcc gagatctcgg tattgectttg tcgccgagtg tttteggggt gggagaaccce 1380

tceecggggge gggcatga 1398

<210> SEQ ID NO 67

<211> LENGTH: 1398

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 67

atgagactgt cccaacggcet cgaggeegtyg cgeggageeg cacccgtega ageggecgca 60
ccgatccege cggggaagca ggggaaggeg aagacgtcece tecctecgge cgacgetcete 120
gecgaactga aggaccgtge gagtgeggece ctgtacacce ggatcggcac ccgettcaac 180
gactcctegt tgagcgagga gcaactgcat ctectggtee gtgaggaact ggecgaaatc 240
gtggagcaag agacgacgcc actcacctte gacgaacgge agegectget cegtgaggte 300
gecgacgagg tactggggca cggaccgcte cageggctac tggaggaccce gteggtcacce 360
gagatcatgg tcaacagcca cgacatggte tacgtcgage gggacggcac cctegtecge 420
agctcegege gattegegga cgaggegeac ctgegtegeg tgatcgaacg catcegtttece 480
geegteggte gacggatcga cgaategtee cegetegtgg atgcacgett ggeggatgge 540
tccegtgtca acgeggtgat cccaccgete geattcaacg getecteget caccattcega 600

aagttctcga aagatcegtt ccaggtegac gatctcateg cetteggeac tcetcetegeac 660
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gagatggcceg aactgctcga cgegtgtgtg caggecgcgac tgaacgtcat cgtcteggge 720
ggcacgggca cggggaagac gacgctgctc aacgtgctct cgtcegttcat tccggaaggg 780
gagcggatcg tcaccatcga ggacgccgtg gaactgcaac ttcagcagga ccacgtcgta 840
cggttggaga gccgaccgcce gaacatcgag ggcaagggeg ccgtcaccat cecgegacctg 900

gtgcggaact cgetgegtat gegtcccgac cgcategtgg tgggggagtyg tegeggagge 960
gagagtctcg acatgctgca agcgatgaac accggtcacg acgggtcgcet gtcgacggtg 1020
catgcgaatt cgccccgtga cgccatcgceg cgettggaga cgctegtgtt gatggcegggce 1080
atggacctgce cgttgcgggce gatccgggag cagattgcett cggcggtcga cgtgatcgtg 1140
cagctcacte gactacgtga cggcactegg cgagtgacee acgtgaccega ggtccaggge 1200
atggagggtg agatcgtcac cctgcaggat gccttceccetgt tcgactacag cgccggcgte 1260
gacgcgegeg ggcegattect cggcagacceyg cagecgacceg gagtgeggeco geggttceacce 1320
gacaaattcc gagatctcgg tattgectttg tcgccgagtg tttteggggt gggagaaccce 1380

tceecggggge gggcatga 1398

<210> SEQ ID NO 68

<211> LENGTH: 1869

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (78)..(80)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 68

atgagtcggt gegtggtgge cgtegtgete geecteggtg cgggtgttet gggaattect 60
geegtageeg cggegecennn ggaggcetgte caggtctegg cggtegacac gacceggttt 120
ccegacateg aggtgtecat cctegegeceg cceggtateg aagggcagge gatcgatceg 180

ggaacgttcg cgctcaccga gggeggegtyg cegcgagaga tcgaggtcag geageagecg 240

ggttcecgage aggacatcgt getegcaatce gacgtgtceeg ggggcatgte gggtecggeg 300
ctggacgacyg tgaagecgege cgcatcggat ttegtgegge aggegecgac cggegeccac 360
atcggaatcg tcgcgatcte gtecgacgeca caggtgetet cggaactgac gacggactcece 420
gaggacctge tccgcaggat cgacggactyg aaggcgggceg gcaacagcegce gatcgcagat 480
tcggtggtga ccgeegecga gatgetegag cgeggegaag cggecaacaa catcctgett 540
ctgttgacgg acggcgecga cacgtcegagt gcacactega tgteggaact ccegtceegte 600
ctgagtceggt cgegegegte getgtacgee gtgcagatgt cgacaccega gacgaactcet 660
getetectge agcaggttge gegggagteg cgceggtcagt acgegtetge gggtgatacg 720
geggegetgg gtgcgatcta ccagteggee getegegege teggaaacct gtacgtegte 780
cgataccgat cggaagcgaa cggegatace caggtggtgg cgagegtgeg cageggegca 840
gecggecgag tgagegatcee gtteceggtyg acattgeceg gtgtggtgec gacgecgage 900
gtegtegecyg ggaccegtcega cggtttette acgtettega cggggetggt gatcgggetce 960

ctagcgtget actcggceget tgcgggaggce gtgetggegg tegceccggtag agcgeccgceg 1020
aggatttcgg cagcacgtceg tgggcggcag gacggacggg actcgatgcet gtcecccgatte 1080

geggaacgge tggtgcagtg gatcgatcag aacctgagga gacgcggacyg catcgetgec 1140
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cgcacccagg cgctacagga ggcggggctg aagecttegte caggtgactt catcgccctg 1200
gtcggtgetyg cggcgatcac cgctgcggeg atcggtctec tggetteggg catcgtggeg 1260
gcgetettge tegeggcgat cacagtggga ttgtcgagaa tcectatcteccg tgtgatggece 1320
ggtaggcgte gggccgegtt cgctgatcag ctcgacgatt ccctgcaget gctggccage 1380
aatctccgag ccgggcacag catgctceccga gcgcectcgatt cectttcecceg agaggcggag 1440
gtgccgactt cggaggagtt cgctcggatc gtcaacgaga ctecgggtggg acgtgatctce 1500
aacgaggctc tcgacgacgt ggcccggcgg atgcgaagtg acgatttcaa ctggataget 1560
caggcgateg ccatcaaccg tgaggtegga ggcgaccteg cggaagtcect cgaccaggtg 1620
ggcaacacca ttcgagagceg aaatcagatt cgacggcagg tgaaagccect tgcetgccgag 1680
gggaaactgt ccgecctacgt gctgatggeg ctgccctteg gtectcaccge atttetgete 1740
gtctcgaate cggactacct gtcgaagttg acgggtageg ccatcggcta cgtgatgatce 1800
gcggtgggge tegtcatgcet gaccgteggt gggctgtgga tgaacaaggt tgtcectceggte 1860
aagttctag 1869
<210> SEQ ID NO 69

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (991)..(996)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 69

atgagtcggt gcegtggtgge cgtcegtgete geccteggtyg cgggtgttet gggaattcect 60
geegtageeyg cggeggcecga gacggaggcet gtccaggtet cggeggtega cacgaccegyg 120

tttccegaca tcgaggtgte catcctegeg cegeccggta tegaagggcea ggegatcgat 180

cegggaacgt tegegetcac cgagggagge gtgccgegag agatcgaggt caggcagceag 240

cegggttecg agcaggacat cgtgetegea atcgacgtgt cegggggeat gtegggteceg 300
gegetggacyg acgtgaageg cgccgcateg gatttegtac ggcaggegeco gaccggeged 360
cacatcggaa tcgtegegat ctegtegacg ccacaggtge teteggaact gacgacggac 420
tcegaggace tgcteegecag gatcgacgga ctgaaggegg geggcaacag cgegatcegca 480
gattcggtgg tgaccgecge cgagatgete gagegeggeg aagceggccaa caacatectg 540
cttetgttga cggacggege cgacacgteg agtgcacact cgatgtegga actcccegtece 600
gtcetgagte ggtegegege gtcegetgtac gecgtgcaga tgtcgacacce cgagacgaac 660
tctgetetee tgcagecaggt tgcgegggag tegegeggte agtacgegte tgegggtgat 720
acggcggege tgggtgegat ctaccagteg geegetegeg cgctcggaaa cctgtacgte 780
gtccgatace gatcggaage gaacggcgat acccaggtgg tggcegagegt gegeagegge 840
gecagceggee gagtgagcega tecgtteceg gtgacattge ceggtgtggt gecgacgecg 900
agcgtegteg ccgggaccgt cgacggttte ttcacgtett cgacgggget ggtgatceggg 960

ctecctagegt gectactcecgge gettgcecggga nnnnnncetgg cggtcegcecgg tagagggecce 1020
gcgaggattt cggcagcacg tcgtgggegg caggacggac gggactcgat getgtcccega 1080

ttcgcggaac ggctggtgca gtggatcgat cagaacctga ggagacgcgg acgcatcgcet 1140
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geeegcacee aggegctaca ggaggegggg ctgaagette gtecaggtga cttcatcgece 1200
ctggtcecggtg ctgcggcgat caccgctgcg gcgatcggte tectggcectte gggcatcegtg 1260
gcggegcetet tgctegegge gatcacagtg ggattgtcga gaatctatct ccgggtgatg 1320
gccggtagge gtegggecge gttegectgat cagctcgacg attccctgca gctgectggece 1380
agcaatctcce gagccgggca cagcatgctce cgagcgeteg attcceccttte cecgggaggceyg 1440
gaggtgccga cttecggagga gttegcectegg atcgtcaacyg agactcecgggt gggacgtgat 1500
ctcaacgagt ctctcgacga cgtggcccgg cggatgcgaa gtgacgattt caactggata 1560
gctcaggega tcegecatcaa ccegtgaggtce ggaggcgacce tcegceggaagt cctcgaccag 1620
gtgggcaaca ccattcgaga gcgaaatcag attcgacggc aggtgaaagc ccttgctgece 1680
gaggggaaac tgtccgecta cgtgctgatg gecgctgccecet teggtcectcac cgcatttetg 1740
ctcgtetega atccggacta cctgtcecgaag ttgacgggta gecgccatcgg ctacgtgatg 1800
atcgeggtgg ggctegtcecat getgaccgte ggtgggetgt ggatgaacaa ggttgtcetceg 1860
gtcaagttct ag 1872
<210> SEQ ID NO 70

<211> LENGTH: 1872

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 70

atgagtcggt gegtggtgge cgtegtgete geecteggtg cgggtgttet gggaattect 60
geegtageeyg cggeggcecga gacggaggcet gtccaggtet cggeggtega cacgacceegg 120
tttccegaca tcgaggtgte catcctegeg cegeccggta tegaagggcea ggegatcgat 180
cegggaacgt tegegetcac cgagggagge gtgccgegag agatcgaggt caggcagceag 240
cegggttecg agcaggacat cgtgetegea atcgacgtgt cegggggeat gtegggteceg 300
gegetggacyg acgtgaageg cgccgcateg gatttegtge ggcaggegeco gaccggeged 360
cacatcggaa tcgtegegat ctegtegacg ccacaggtge teteggaact gacgacggac 420
tcegaggace tgcteegecag gatcgacgga ctgaaggegg geggcaacag cgegatcegca 480
gattcggtgg tgaccgecge cgagatgete gagegeggeg aagceggccaa caacatectg 540
cttetgttga cggacggege cgacacgteg agtgcacact cgatgtegga actcccegtece 600
gtcetgagte ggtegegege gtegetgtac gecegtgcaga tgtcgacgec cgagacgaac 660
tctgetetee tgcagecaggt tgcgegggag tegegeggte agtacgegte tgegggtgat 720
acggcggege tgggtgegat ctaccagteg geegetegeg cgctcggaaa cctgtacgte 780
gtccgatace gatcggaage gaacggcgat acccaggtgg tggcegagegt gegeagegge 840
gecagceggee gagtgagcega tecgtteceg gtgacattge ceggtgtggt gecgacgecg 900
agcgtegteg ccgggaccgt cgacggttte ttcacgtett cgacgggget ggtgatceggg 960

ctecctagegt gectactcecgge gettgcecggga ggegtgcetgg cggtegecgg tagagcegecce 1020
gegaggattt cggcagcacg tegtgggegyg caggacggac gggactcgat getgteccga 1080
ttcgcggaac ggctggtgca gtggatcgat cagaacctga ggagacgcgg acgcatcgcet 1140
geccgaacce aggcgctaca ggaggegggyg ctgaagette gtecaggtga ctteategec 1200

ctggtcecggtg ctgcggcgat caccgctgcg gcgatcggte tectggcectte gggcatcegtg 1260
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gcggegcetet tgctegegge gatcacagtg ggattgtcga gaatctatct ccgtgtgatg 1320
gccggtagge gtegggecge gttegectgat cagctcgacg attccctgca gctgectggece 1380
agcaatctcc gagccgggca cagcatgctce cgagcecgeteg attceccttte ccgagaggceg 1440
gaggtgccga cttecggagga gttegcectegg atcgtcaacyg agactcecgggt gggacgtgat 1500
ctcaacgagt ctctcgacga cgtggcccgg cggatgcgaa gtgacgattt caactggata 1560
gctcaggega tcegecatcaa ccegtgaggtce ggaggcgacce tcegceggaagt cctcgaccag 1620
gtcggcaaca ccattcgaga gcgaaatcag attcgacggce aggtgaaagc ccttgctgece 1680
gaggggaaac tgtccgecta cgtgctgatg gecgctgccecet teggtcectcac cgcatttetg 1740
ctcgtetega atccggacta cctgtcecgaag ttgacgggta gecgccatcgg ctacgtgatg 1800
atcgeggtgg ggctegtcecat getgaccgte ggtgggetgt ggatgaacaa ggttgtcetceg 1860
gtcaagttct ag 1872
<210> SEQ ID NO 71

<211> LENGTH: 891

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 71

gtgattccac cgetggtget catggeggeyg ctgteegteg geggggegtt gggtgttetg 60
gtgtggttga cggccggege cegagatcca gaacgcggac ccgeccttca gaacctgeag 120
tcgcagetgyg cgttgecgat tecggagteg ggaggegege cacegettte getceggecga 180
ttcegtgaage tgctgtegece geccgggacyg atggeceget tggaacgact gcacatcctt 240
gecggtegte cageggegtg ggttceeggaa cgggcecgega tggcegaagat cgttetegec 300

geggeegecg cectgetegg cettetegeyg gtgggtgegt cgectggegt cggeegggtyg 360

ctgttegetyg cggcegeegt cgegetggeg tatttegtec cggaacttet cctgcagage 420
agggggcagyg agcgccaage cgcgatcgaa ctggegettg cegacacect cgaccagatg 480
acgatcgcag tcgaggeggg cctggggtte gaagecgeca tgcageggge cgcgaagaac 540
ggaaaggggce cgctggecga ggaattcatce cggacattge aggacataca gatggggeag 600
tcgaggcgaa tcgegtacct ggatcttgee gecagaacga aagcacccaa cttgeggagg 660
ttcectteggyg cegteateca agecgacgag tacggegtgg ccatcgeega ggtcectgegg 720
acccaggect cggagatgeg tctgaaacge cgtcagagtg ctgaggagaa ggcgatgaag 780
gttceggtga aggtgctgtt tecgttgatg acctgcatce tgeccgaccat ctteategtg 840
atcctgggte cggceggtgat caacatgatg gaggtettgg geggtatgta a 891

<210> SEQ ID NO 72

<211> LENGTH: 891

<212> TYPE: DNA

<213> ORGANISM: Rhodococcus equi

<400> SEQUENCE: 72

gtgattccac cgetggtget catggeggeyg ctgteegteg geggggegtt gggtgttetg 60
gtgtggttga cggccggege cegagatceg gaacgcggac ccgeccttca gaacctecag 120
tcgcagetgyg cgetgecgat tecggagteg ggaggegege caccegattte geteggecga 180

ttcgtgaage tgctgtegece accegggacyg atggeceggt tggaacgact gcacatcctt 240
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gecggtegte cageggegtg ggttceeggaa cgggcecgega tggcegaagat cgttetegec 300
geggeegeeg cectgetegg cettetegeyg gegggtgegt cgectggegt cggeegggtyg 360
ctgttegetyg cggcegeegt cgegetggeg tatttegtec cggaacttet cctgcagage 420
agggtgcagyg agcgccaage cgcgatcgaa ctggegettg cegacacect cgaccagatg 480
acgatcgcag tcgaggeggg cctggggtte gaagecgcaa tgcageggge cgcgaagaac 540
ggaaaggggce cgctggecga ggaattcatce cggacattge aggacataca gatggggeag 600
tcgaggcgaa tcgegtacct ggatcttgee gecagaacga aagcaccgaa cttgeggagg 660
ttcectteggyg cegteateca agecgacgag tacggegtgg ccatcgeega ggttttgegg 720
acccaggect cggagatgeg tctgaaacge cgtcagagtg ctgaggagaa ggcgatgaag 780
gttceggtga aggtgctgtt tcecattgatg acctgcatce tgecgaccat ctteategtg 840
atcctgggte cggceggtgat caacatgatg gaggtectgg geggtatgta a 891
<210> SEQ ID NO 73
<211> LENGTH: 891
<212> TYPE: DNA
<213> ORGANISM: Rhodococcus equi
<400> SEQUENCE: 73
gtgattccac cgetggtget cgtggeggeyg ctgteegteg geggggegtt gggtgttetg 60
gtgtggttga cggccggege cegagatceg gaacgcggac ccgeccttca gaacctecag 120
tcgcagetgyg cgttgecgat teeggtgteg ggaggegege cacegettte geteggecga 180
ttcegtgaage tgctgtegece geccgggacyg atggeceget tggaacgact gcacatcctt 240
gecggtegte cageggegtg ggttceeggaa cgggcecgega tggcegaagat cgttetegec 300
geggeegecg cectgetegg cettetegeyg gtgggtgegt cgectggegt cggeegggtyg 360
ctgttegetyg cggcegeegt cgegetggeg tatttegtec cggaacttet cctgcagage 420
agggggcagyg agcgccaage cgcgatcgaa ctggegettg cegacacect cgaccagatg 480
acgatcgcag tcgaggeggg cctggggtte gaagecgeca tgcageggge cgcgaagaac 540
ggaaaggggce cgctggecga ggaattcatce cggacattge aggacataca gatggggeag 600
tcgaggcgaa tcgegtacct ggatcttgee gecagaacga aagcacccaa cttgeggagg 660
ttcectteggyg cegteateca agecgacgag tacggegtgg ccatcgeega ggtcectgegg 720
acccaggect cggagatgeg tctgaaacge cgtcagagtg ctgaggagaa ggcgatgaag 780
gttceggtga aggtgctgtt tecgttgatg acctgcatce tgeccgaccat ctteategtg 840
atcctgggte cggceggtgat caacatgatg gaggtettgg geggtatgta a 891

1. A polypeptide associated with pilus formation in R. equi
comprising an amino acid sequence encoded by a polynucle-
otide sequence as set forth in any one of SEQ ID NO 1, SEQ
IDNO 2,SEQ ID NO 3, SEQ ID NO 4, SEQID NO 5, SEQ
IDNO 6, SEQIDNO7,SEQID NO 8, and SEQ ID NO 9 or
a fragment, derivative or variant of such a polypeptide.

2. A polypeptide as claimed in claim 1 comprising an
amino acid sequence encoded by a polynucleotide sequence
as set forth in any one of SEQ ID NO 1, SEQ ID NO 2, SEQ
ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 8, and
SEQ ID NO 9 or a fragment, derivative or variant of such a
polypeptide.

3. A polypeptide sequence as claimed in claim 1 compris-
ing an amino acid sequence encoded by a polynucleotide
sequence as set forth in any one of SEQ ID NO 2, SEQ ID NO
3, and SEQ ID NO 4 or a fragment, derivative or variant of
such a polypeptide.

4. A polypeptide sequence as claimed in claim 1 wherein
the polypeptide is encoded by a polynucleotide sequence
comprising ATGAACCTCTTCTTCGCGAACCTGTAC-
CTCATGGGCTTAGACGTCAA GGACCGTCTGAC-
CCGTGACGACCGCGGCGCCACTGCGGTCGAGTAC
GGACTGATGGTCGCCGGCATCGCGATG-
GTGATCATTGTTGCGGTTTT CGCCTTCGGCGATAA-
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GATTACCGACCTCTTCGATGGCTTCAACTTCG
ACGATCCCGGCGGCGAGTAG (SEQ ID NO 2) or a frag-
ment, derivative or variant of such a polypeptide.

5. A polypeptide as claimed in claim 1 wherein the
polypeptide comprises an amino acid sequence MNLFFAN-
LYLMGLDVKDRLTRDDRGATAVEY GLM-
VAGIAMVIIVAVFAFG DKITDLFDGFNFDDPGGE (SEQ
ID NO 10) or a fragment, derivative or variant of such a
polypeptide.

6. A polypeptide as claimed in claim 1 wherein the
polypeptide comprises an amino acid sequence DKIT-
DLFDGFNFDDPGGE (SEQ ID NO 11) or a fragment, or
derivative or variant of such a polypeptide.

7. A polypeptide as claimed in claim 1 wherein the
polypeptide comprises an amino acid sequence DKIT-
DLFDGFNFDDPGGE (SEQ ID NO 11) or a fragment, or
derivative of such a polypeptide.

8. A polypeptide as claimed in claim 1 wherein the
polypeptide comprises an amino acid sequence DKIT-
DLFDGFNFDDPGGE (SEQ ID NO 11).

9. A composition comprising a polypeptide or a fragment,
derivative, or variant thereof according to claim 1, together
with a pharmaceutically acceptable carrier.

10. An antibody or an antigen binding fragment of said
antibody which has binding specificity to a polypeptide
according to claim 1.

11. An anti-idiotypic antibody which has binding specific-
ity to an antibody or an antigen binding fragment of said
antibody of claim 10.

12. A construct comprising an isolated nucleic acid
sequence which encodes a polypeptide as claimed in claim 1
operably linked to a promoter which is functional to allow
transcription of the nucleic acid sequence.

13. At least

(1) one polypeptide associated with pilus formation in R.

equi or a fragment, derivative or variant thereof, or

(ii) one nucleic acid which encodes least one polypeptide

associated with pilus formation in R. equi, or

(iii) one antibody or an antigen binding fragment of said

antibody which has binding specificity to at least one
polypeptide associated with pilus formation in R. equi,
or

(iv) one construct comprising an isolated nucleic acid mol-

ecule which encodes a polypeptide as claimed in claim 1
operably linked to a promoter which is functional to
allow transcription of the nucleic acid sequence for use
in medicine.

14. At least

(1) one polypeptide comprising an amino acid sequence

encoded by a polynucleotide sequence selected from
any one of SEQ IDNO 1, SEQ IDNO 2, SEQ IDNO 3,
SEQIDNO4, SEQIDNO 5,SEQIDNO 6, SEQIDNO
7, SEQ ID NO 8, and SEQ ID NO 9 or a fragment,
derivative, or variant thereof as claimed in claim 1, or

(ii) one antibody or an antigen binding fragment of said

antibody which has binding specificity to such a
polypeptide, or

(iii) one construct comprising an isolated nucleic acid mol-

ecule which encodes such a polypeptide as claimed in
claim 1 operably linked to a promoter which is func-
tional to allow transcription of the nucleic acid sequence
for use in medicine, preferably in the treatment or pre-
vention of a disease caused by R. equi.

15. A polypeptide comprising an amino acid sequence
encoded by a polynucleotide sequence selected from any one
of SEQID NO 1, SEQ IDNO 2, SEQID NO 3, SEQ ID NO
4, SEQIDNO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO
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8, and SEQ ID NO 9 or a fragment, derivative, or variant
thereof as claimed in claim 1 for use in the treatment or
prevention of a disease caused by R. equi.

16. An antibody or an antigen binding fragment of said
antibody which has binding specificity to a polypeptide com-
prising an amino acid sequence encoded by a polynucleotide
sequence selected from any one of SEQ IDNO 1, SEQ ID NO
2, SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO
6, SEQ ID NO 7, SEQ ID NO 8, and SEQ ID NO 9 or a
fragment, derivative, or variant thereof for use in the treat-
ment or prevention of a disease caused by R. equi.

17. An isolated nucleic acid molecule which encodes a
polypeptide comprising an amino acid sequence encoded by
a polynucleotide sequence selected from any one of SEQ ID
NO 1, SEQ ID NO 2, SEQID NO 3, SEQ ID NO 4, SEQ ID
NO 5, SEQ IDNO 6, SEQIDNO 7, SEQID NO 8, and SEQ
ID NO 9 or a fragment, derivative, or variant thereof for use in
the treatment or prevention of a disease caused by R. equi.

18. A construct comprising an isolated nucleic acid mol-
ecule which encodes a polypeptide comprising an amino acid
sequence encoded by a polynucleotide sequence selected
from any one of SEQ ID NO 1, SEQIDNO 2, SEQID NO 3,
SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO 6, SEQIDNO 7,
SEQ ID NO 8, and SEQ ID NO 9 or a fragment, derivative, or
variant thereof operably linked to a promoter which is func-
tional to allow transcription of the nucleic acid sequence for
use in the treatment or prevention of a disease caused by R.
equi.

19. A method of treating or preventing a disease or condi-
tion, in particular a disease or condition caused by R. equi,
comprising the step of administering

(1) at least one polypeptide associated with pilus formation

in R. equi,

(i1) a nucleic acid which encodes least one polypeptide

associated with pilus formation in R. equi, or
(ii1) an antibody or an antigen binding fragment of said
antibody which has binding specificity to at least one
polypeptide associated with pilus formation in R. equi,

to a subject, in particular a subject suffering from, or sus-
pected to be suffering from, or at risk of a condition
mediated by R. equi.

20. The method as claimed in claim 19 comprising the step
of administering

(1) a polypeptide comprising an amino acid sequence

encoded by a polynucleotide sequence selected from
any one of SEQ IDNO 1, SEQ ID NO 2, SEQ IDNO 3,
SEQIDNO4, SEQIDNO 5,SEQIDNO 6, SEQIDNO
7, SEQ ID NO 8, and SEQ ID NO 9 or a fragment,
derivative, or variant thereof as claimed in claim 1, or

(i) an antibody or an antigen binding fragment of said

antibody which has binding specificity to such a
polypeptide, or
(iii) a construct comprising an isolated nucleic acid mol-
ecule which encodes such a polypeptide as claimed in
claim 1 operably linked to a promoter which is func-
tional to allow transcription of the nucleic acid sequence

to a subject, in particular a subject suffering from, or sus-
pected to be suffering from, or at risk of a condition
mediated by R. equi.

21. A method of detecting R. equi in a sample comprising
the step of detecting

(1) a polypeptide comprising an amino acid sequence

encoded by a polynucleotide sequence selected from
any one of SEQ IDNO 1, SEQ ID NO 2, SEQ IDNO 3,
SEQIDNO4, SEQIDNO 5,SEQIDNO 6, SEQIDNO
7, SEQ ID NO 8, and SEQ ID NO 9 or a fragment,
derivative, or variant thereof as claimed in claim 1, or
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(ii) an antibody or an antigen binding fragment of said
antibody which has binding specificity to such a
polypeptide, or

(ii) a nucleic acid molecule which encodes such a polypep-
tide as claimed in claim 1 in a sample.

22. The method as claimed in claim 21 for diagnosing a
disease or condition caused by R. equi comprising the step of
detecting

(1) a polypeptide associated with Rpl pilus formation, pref-
erably an amino acid sequence encoded by a polynucle-
otide sequence selected from any one of SEQ ID NO 1,
SEQIDNO2,SEQIDNO3,SEQIDNO4,SEQIDNO
5,SEQIDNO 6, SEQIDNO 7, SEQIDNO 8, and SEQ
ID NO 9 or a fragment, derivative, or variant thereof as
claimed in claim 1, or

(ii) an antibody or an antigen binding fragment of said
antibody which has binding specificity to such a
polypeptide, or

(ii) a nucleic acid molecule which encodes such a polypep-
tide as claimed in claim 1

in a biological sample from a subject suffering from, sus-
pected to be suffering from, or at risk of such a condition.

23. A kit for use in the method of detecting R. equi wherein
the kit comprises

(1) a polypeptide associated with Rpl pilus formation, pref-
erably comprising an amino acid sequence encoded by a
polynucleotide sequence selected from any one of SEQ
ID NO 1, SEQ ID NO 2, SEQ ID NO 3, SEQ ID NO 4,
SEQIDNOS5,SEQIDNO 6, SEQIDNO 7,SEQIDNO
8, and SEQ ID NO 9 or a fragment, derivative, or variant
thereof as claimed in claim 1, or

(ii) an antibody or an antigen binding fragment of said
antibody which has binding specificity to such a
polypeptide, or

(iii) nucleic acid probes capable of binding to a nucleic acid
sequence which encodes a polypeptide associated with
pilus formation, preferably at leastone of SEQID NO 1,
SEQIDNO2,SEQIDNO3,SEQIDNO4,SEQIDNO
5,SEQIDNO 6, SEQIDNO 7, SEQIDNO 8, and SEQ
ID NO 9, under stringent conditions.

24. A kit for use in the method of claim 22 wherein the kit

comprises

(1) a polypeptide comprising an amino acid sequence
encoded by a polynucleotide sequence selected from
any one of SEQ IDNO 1, SEQ IDNO 2, SEQ IDNO 3,
SEQIDNO4, SEQIDNO 5,SEQIDNO 6, SEQIDNO
7, SEQ ID NO 8, and SEQ ID NO 9 or a fragment,
derivative, or variant thereof as claimed in claim 1, or

(ii) an antibody or an antigen binding fragment of said
antibody which has binding specificity to such a
polypeptide, or

(iii) nucleic acid probes capable of binding to a nucleic acid
sequence which encodes a polypeptide associated with
pilus formation, preferably at leastone of SEQID NO 1,
SEQIDNO2,SEQIDNO3,SEQIDNO4,SEQIDNO
5,SEQIDNO 6, SEQIDNO 7, SEQIDNO 8, and SEQ
ID NO 9, under stringent conditions.

25. A method of screening for agents capable of binding to
apolypeptide comprising an amino acid sequence encoded by
a polynucleotide sequence selected from any one of SEQ ID
NO 1, SEQ ID NO 2, SEQID NO 3, SEQ IDNO 4, SEQ ID
NO 5, SEQ IDNO 6, SEQ IDNO 7, SEQID NO 8, and SEQ
ID NO 9 or a fragment, derivative, or variant thereof as
claimed in claim 1 comprising the steps:

providing a candidate immunogenic R. equi polypeptide
comprising an amino acid sequence encoded by a poly-
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nucleotide sequence selected from any one of SEQ ID
NO1,SEQIDNO2,SEQIDNO3,SEQIDNO4, SEQ
IDNO 5, SEQ ID NO 6, SEQ ID NO 7, SEQ ID NO 8,
and SEQ ID NO 9 or a fragment, derivative, or variant
thereof as claimed in claim 1,

providing a test agent to the candidate immunogenic R.

equi

polypeptide, and

determining whether said test agent can bind to said can-

didate

immunogenic R. equi polypeptide.

26. An isolated or recombinant nucleic acid encoding a
polypeptide associated with pilus formation in R. equi.

27. An isolated or recombinant nucleic acid as claimed in
claim 26 comprising a polynucleotide sequence comprising a
sequence as set forth in any one of SEQ ID NO 1, SEQ ID NO
2,SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO
6, SEQ ID NO 7, SEQ ID NO 8, and SEQ ID NO 9.

28. An isolated or recombinant nucleic acid as claimed in
claim 26 comprising a polynucleotide sequence comprising a
sequence as set forth in any one of SEQ ID NO 1, SEQ ID NO
2,SEQ ID NO 3, SEQ ID NO 4, SEQ ID NO 5, SEQ ID NO
8, and SEQ ID NO 9.

29. An isolated or recombinant nucleic acid as claimed in
claim 26 comprising a polynucleotide sequence comprising a
sequence as set forth in any one of SEQ ID NO 2, SEQ ID NO
3, and SEQ ID NO 4.

30. An isolated or recombinant nucleic acid as claimed in
claim 26 comprising a polynucleotide sequence comprising a
sequence as set forth by SEQ ID NO 2.

31. An isolated or recombinant nucleic acid as claimed in
claim 26 comprising a polynucleotide sequence consisting of
a sequence as set forth by SEQ ID NO 2.

32. A vector comprising an isolated or recombinant nucleic
acid as claimed in claim 26.

33. An isolated or recombinant cell comprising a vector as
claimed in claim 32.

34. A composition capable of generating an immune
response in a host comprising one or more surface-associated
or secreted polypeptides of R. equi wherein said polypeptides
are associated with formation of pili of R. equi.

35. A composition as claimed in claim 34 wherein said
composition comprises

(1) at least one polypeptide associated with pilus formation

in R. equi, (i1) a nucleic acid which encodes least one
polypeptide associated with pilus formation in R. equi,
or

(ii1) a polypeptide comprising an amino acid sequence

encoded by a polynucleotide sequence selected from
any one of SEQ ID NO 1, SEQ ID NO 2, SEQ IDNO 3,
SEQIDNO4,SEQIDNO 5, SEQIDNO 6, SEQIDNO
7, SEQ ID NO 8, and SEQ ID NO 9 or a fragment,
derivative, or variant thereof as claimed in claim 1, or

(iv) a construct comprising an isolated nucleic acid mol-

ecule which encodes such a polypeptide as claimed in
claim 1 operably linked to a promoter which is func-
tional to allow transcription of the nucleic acid
sequence.

36. Use of the composition of claim 34 to vaccinate a
subject such that R. equi infection in the subject is inhibited or
minimised.

37. Use as claimed in claim 36 wherein the subject is a
horse or a foal.



