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Figure 1.
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Figure 2.
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Figure 3.

R! R? R3 R#*
Gilvocarcin M: a-D-Fuc CH, CH, CH,
Gilvocarcin E: a-0-Fuc CH,CH, CH, CH,
Gilvocarcin V: a-0-Fue CH=CH, CH; CH,
Defucosyl-
Gilvocarcin V: H CH=CH,  CH, CH,
Ravidomycin: p-D-Rav CH=CH, CH, CH,
Deacetyl-
Ravidomycin: DeAc-8-b-Rav CH=CH, CH, CH,
Deacetyl-
Ravidomycin M: DeAc-B-o-Rav  CH; CH, CH,
FE35A: NN-MeAc-DeAc-f-D-Rav CH=CH,  CH, CH,
FE35B: N-Ac-goRav  CH=CH,  CH, CH,
Chrysomycin A:  p-b-Vir CH=CH, CH, CH,
Chrysomycin B:  p-0-Vir CH, CH, CH,
BE-12406 A: H CH, CH, a--Rha
BE-12406 B: H CH, H a-L-Rha
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Figure 4.
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Figure 5.
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Figure 6.

Biosynthetic Gene Cluster of Gilvocarcin V
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Figure 7.

Proposed Biosynthetic Pathway for the GV-sugar moiety
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Figure 8.
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Figure 9.
(SEQ ID NO:1)

Pstl polymerase ->
1 CTGCAGATCCCCAAGGTCATCCGCCGCGCCGCCGTCGCCGACCCCGGCTGGCGCCTCGTCGTCGC

66 CGACGCCGACCAGATGGAACCGAGGGTGCTGGCGGCCATCTCCCGCGACCCCGGCCTGATGGAGG
131 TGGCCGGCCGGGAGGGCGACCTCTACCAGTCGGTCTCCGACCGCGCCTTCTCCGGCGACCGCGCC
196 CAGGCCAAGCTCGCCGTCCTCGGCGCCGTCTACGGCCAGACCTCCGGCGACGGCCTGAAGAACCT
261 CGCCGCGCTCAGGCGCCGCTTCCCCAAGGCGGTGGCCTACG?Zé;CGAGGCCGCCCGCGCCGGCG
326 AGGAGGGCCGTCTCGTACGGACCTGGCTGGGCCGCACCTGCCCGCCCGLCCGTCCGCCCGACGGAL
391 GACGCGGCGGAGGAGGCCGGCATCCCGCCCGCCCAGGAGGAGCCGGGCCCAGCGGCCCGACCGTG

Smal Smal
456 GGCCCCGGAGGCCGAGGCCCGCCCGTGGGTCCCGGGCTACGCCTCGACCGACGCCCGCGCCCGGG
521 GCCGCTTCGCCCGCAACTTCGTGGTCCAGGGCAGCGCCGCCGACTGGGCCCTGCTGCTGCTCGCG
586 GCGCTGCGGAGGACGCTGAGCGGCATGGCGGCCGAACTGGTCTTCTTCCAGCACGACGAGGTGAT
651 CGTGCACTGCCCCGAGGAGGAGGCGGCGACGGTGGCGGAGGCGATCCGGCAGTCCGCCGACCTCG
716 CCGGCCGGCTGACGTTCGGACCGACCCCCGTGCGCTTCCCGTTCACGACGGCGGTCGTGGAGTGC
(21222
781 TACGCCGACGCCAAGTGATCAGCTCGCCGGCCGGGCACCGGCCACGAGTCCGCGCAACTCCTCCA
846 CCACGGCCCGCTCGTCCGTGCCGTCCAGCGCGGCGAGCGCCGACCGCCACTGCTCGCGCGCCTCG
911 CCCACCCGCCCCCGCTCGCGCAGCAGCAGACCGTACTGGTGGCGGGCCAGACCACCGGTGTAGCG
976 GTCGGCTCGGGCGTCCGCGCGGCGCAGCAGTTCGGCGCACTCGGCGTCGGCCCGGCCGGCGTGCC
1041 CCAGCAGCCGCAGGGCGCGCACCAGGCCGAGCCGGGTCTGGGACTCTCCGTGCCAGTCGCCGTGE
1106 CCGGCGAGGATGCGCAGGCTCTCCTCGAAGTGCGGCAGGGCGGCGGCCGGTTCACCCAGCCGGAG
1171 GTGGGCGTAGCCGATGTTGCAGTGGGCGGAGTGCCGCACGATCACCGCTCCGATGCGGTCCCCGA
1236 TCACGAGCGAGCGCCGGTGCTGGTCGATCGCCGCGCGCGGATCGGTGTGCTCGTACAGGTTGCCG
1301 AGGTGGCTGAGGGTGACGGCCTCGCCGTAGGGGTCGGCCAACTGCCGCGAGTGGGTGAGGCTCTG
1366 CCGCAGTGCCCGCTCCGACTCCGCGTACCGGCCGAGCCCTTCGAGCAGCAGCCCCCGGTGGTTGA
1431 GGGCGCGCngggéCAGGAGACGGCTCCGAGCCGCCGCCAGATCTCCAGCGCGCGGTCGGTGAGG
1496 GCGAGGGCCTCGCCGGTGCGACCGGTCAGGAAGTGCAGCCCCGCCAGATCGCCCAGCGCGCALGL
1561 CTCGGCGGCCTCGTCCCCGAGCCGCCGCGCCACCCGCAGGGCCGCCCGCCCGAGCACCTCCAGCT
1626 CGGGGACCCGGCCGCCGCGCAGGAGGTAGGGGTGGAGCAGGCGGAGGAGTACGGCGATGTGGACG
1691 TCGTGACGGCCCCGGTCACCGCCCCCGCCGGTGCCCTCACCGGCGTACCGCCCGACGAGGGTGAC

1756 GATGTTCTCCAGCTCCCGGTCGCCCCAGGCGAAGGCCGCCCCCGCGTCGTCGAACGGGGGTACGG
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Figure 9. cont.
Smal
1821  ACGCGACGTGAGCGGTGTGCCCGGGCGGCTGGGACGGGGTCGGGCGGCGGCGGTCGTCCTGGTCG
1886  GGGCCGGGTTCGACGATCGCGGTGAGGGCGCGTTCGGCGACGGCGGCGTACCAGCGCAGGGCGGT
1951  CTCGGCGGGGTGCTCGCGCGTGCCGGTCCGAGGGCCGGCGTCCTCGCGGGGTGCGGCGTCCTCGC
2016  GGGGTGCGGCATCCTCGCGGAGTACGGCCTCCTCGCGGGGTGCGGCGCCCTCGCGGGGTGCGGCG
2081  CCCTCGCGGAGTACGGCGCCCTCGCGGAGTACGGCGCCCTCGCGGAGTACGGCGCCCTCGCGGAG
2146  TACGGCATCCTCGCGGAGTACGGCATCCTCGCGGAGTACGGCGTCCTCGCGGAGTGCGGCGTCCT
2211  CGCGGGGCGCGGTCTGCGGACCCGCCGCCGCTCGGGCTCGTTCGCGGGCGAAGTCACGGACCAGE
2276 TCGTGGGGGACGTAGCGGCCGTACGCGGTCTCCTCCACGAGGGCCACG?gé;CGAGCCGGTCCAG
2341  CGCGGCCTCCGCCCGGCGTTCGCCGGTGCCGGTGAGCCGGGCGAGCAGCGGCGCGCCGTAGGCGG
2406  GCAGGTCGAGCGCGCCGATGCGGCACAGGGCGAGGGCGGCGTCGCGGTCCGTCTCACGGTCGGAG
2471  ACGGTGAGCGCGTCGTGCGCGACGGCCAGCGAGCGGCGCACGCTGAGGTCGTCGTACTCCAGGTG
2536  CGGCAACCGGCTGTCGGTGGCGGAGAGCTGACCGGCGAGGTCGTCGGGCGTGAGGGCCCGGLGCE
2601  CGGCGAGCCGGGCCGCGACCACCCGCAGGGCCAGCGGAAGCCGGCCGGTGAGCGCGACGAGCGGE
2666  TGCCCGGCGCCGAGACCGTCCCGGCCGGAGACCGCCCGCAGCAGGGCGGCACTGTCCTCGTCGGA
2731  CAGCGGGCCGAGCGGGACACGGACGGCACCGTCGAGCGTGGTGAGCGGCGAACGGCTGGTGACGA
2796 TCACCGCACAGCCGGGTCCGCCCGGCAGCAGngééGCACCTGCGCGGCGTCCGCGGCGTCGTCC
2861 AGCACCAGGAGGGTGCGGGTGGGCGCGAGCAGCGAGCGCAGCAGGGCGGngééGCGTCCGGCCG
2926  TTCGGGGACGGCGCAGGGCTCGGTGCCCAGGTCGCGCAGGAGAGCGCTGAGGGCCTGGGCGGGGE
2991 TGAGGGGGGTCATGCCGGGGGTCGTGCCGTGCAGGTTGACGTAGAGCTGACCG?géiCGAAACGT
3056 TCCGCCAGTGTGTGTGCGACCTGGACGGCGAGCGCGCTCTTCCCCACACCAGCGS?XéCGCTGAC
3121  GACGACGGCAGGGGGCCCGGCGGCGGGCCGEGGGGCACGGGTGAGCACACGGATCAGCTCGTCCC
3186  GCACCGCGTCCCGCCCGGTGAAGTGAGCAGGCGCGGGCGGCAGTTGCGCCGGCCTGGGCGGCACA
3251  CCGCCCCCTCCTGCGGCCTCCGCGCACCGACCGTGCTCCTGCCGCTCCCCCTGCCCCCGCAGCAC
3316  CTCCACGTGGGCCTCGCGCACCCCCGGCCCCGGTTCEGACGCCGAGTTCGTCCGCCAGGCGGGCCC
3381  GCAGATCCCGGTGGACCACCAGCGCCTCCGCCTGACGGCCGGTGCGGTGCAGCGCGAGCATCAGC
3446  TGACGGTGGTACGACTCCCGCAGCGGATGTTCGGCGGCCAGTGCCGCCAGT TCGGGCACGAGATC

3511 GGCCAGGCGCTCGCCGCCCAGGGCCAGTTCGGCGTCGTACCGCCACTCCAGGAGCAGCAGCCGLG

3576 CCTCGCGCAGCCGCCGCACCAGGGCGTAGCCGCCCACTTCCGGGGGCATCCCGGCCAGCGGGTTC
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Figure 9. cont.
Smal
3641 CCCCGCCACAGCGCGAGCGCGGCGGCGCACTCGCGCGCCACCCGCTCCCAGTCCCGGGCGGTGTG
3706 CGCGGCGCGGGCGGCTGCGGTGTGCGCGTCGAAGACCTGGACGTCCACCTCGCCCTCTCCCACCC
EcoRV Smal
3771 GCAGCAGATATCCGGTGGGCACGGTGAGCAGCCGGCCCGGGTCGTCGAGCAGCCGCCGCARCCGG
3836 GCGACGTGATTGTGCAGCGAGGGCAGCGCGGAGACGGGCGGCGCACCGCCCCACAGGGCGTCCTT
3901 CAGCGCCTCGACGGACACGACCCGCCCGGCGTCGAGCAGCAACGCGACGAACAGCGCACGGAGTT
3966 TGGGACTTCCGGTCACCTGGACGGAngZéGGGCGTCGGGCCCCTCGCCGTCGTACAGCACCGGT
4031 GTTCCCAGCAGTCCGAACCGCAGTCCGCGCCé;GgéigGCCGCACCACTGCCTTCCGGGTGACCG
4096 AACGGACAACCAATGGCCTTATGTTAGCGATCCGTTGGCAAAGTCTGATGTGATCACTACATCGG
BamHI Smal
4161 ATCCGGCCCGGGGGTGCGCGCGTAGAACGCGCAGCTCGGGGGAGTGTCGCCGCCGCGGCCCGGTC
4226 CGCACACGAGGGTTCCCGGTCGGACAGAGGTGAACGGCCGGGCCCTCGTTCTCTTCTGCCGCCGC
* % ¥k

4291 GTTCGCCCTTCGGGTCAGATGACGGGCGGCCGTCCGAGCCGGGTGAGCCGCCACACCGTCCGCCA
4356 GCGCATGGCCCGCCGCTCCCCGGCCGGCTCCCGCAGCCCCTCCGCGARACCGCCGAACCAGGCGE
4421 GCAGCCCCTGGACCGACCGAGTCCGCAGCAGGGTGAGCAGGACCCACACCCCGAGGTGCACGGGE
4486 ATCAGCGCGAGCGGCAGCCGCCGCCGEGGCCAGCCAGACCCGGTTGCGGGCGTTCACCCGGAAGTA
4551 GATCGCGTGCCGGGCCGGCGAGGTCTTGGGGTGCTGGAGCAGCAGGTCGGGCGCGTAGAGGATGC
4616 GCCACCCCGCGTCGGCGGCACGCCAGGCGAGGTCGGTCTCCTCGTGCGCGAAGAAGAACGCGCCG
4681 GGCCAGTCGCCGATCTCGTCGAGCATCGACATCCGCAGCGCGTGCCCGCCCCCGAGGAACCCGGT
4746 GACGTACCCGCCCTTCATCGGGTCCGCCTTTCCGAGCCGGGGCACGTGCCGCTGCTGCGTCTCCC
4811 CCAGCTCGTCGGCGATCCGGAAGCCGACGACGCCGAGCCGGTCGTCCGCCGCGTACAACTCCCCC
4876 ACCCGGCGCAGCACATCGGCGTCCACCAGCAGACCGTCGTCGTCCAGT TCGACGACGACGTCCA

4941 GTCCCCGAACTCCCGCAGCCGCTCGATCCCCACGTTCCGCCCGnggéGCAGCCGAGGTTCTCCG
5006 CCAGCTCGACGGTGGTGACCTCACCGGGCAGGGACAGCCGCCGGGCGAACTCGGGCAGCGGACAG

5071 CCGTTCCCCACGATCACGATCCGCGCGGGCGCCACGTCCTGCTTCGCCACGGACTCCAGCAGCGC

<- gilN
5136 GTCCACCTCGGCCGGCCGGTTCCCCATGGTCACGACGGCGACGGCGATCCTCGGCGTCCCCATGC
Sphl
5201 CCTCACCCCACTCCACCCGGCTGCTCCGCTGACGGGCGATGCTAACCGTTCACGGTGAGGACGCA
SphI
5266 TGCATGACACCCACCACCGCGGCGTACTCCGCCCCCGCCCCACACGAACAGGACACACGTGTCCC

Smal
5331 TGGTGCTCGCCCGGGGACGACCGGAGGGGCCCCGTGCGGCAGCCGCGGCCGGCTGCCGCACGGGG
*kk

5396 GCCGGGAGCGGTCGCCGGTCAGCGGGTGGTGACGAAGGGGCTCTGGTGCGTGTGCGGGGTGGTGA
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Figure 9. cont.

5461 GTTCGTCGAGCATGGCGATCGCGAGGTCGCGGCGCGTCGTCCATGCCCGTCCGCCGGGAAGGTCG
Smal
5526 GCGGTGACCCGCAGCTCGTCGCCCGGGCGTGCCTCGTCGCTGAGCCGGGCGGGACGCATGACCGT
5591 CCACTCCAGGTCGCGGGCTCCGGTGAGGATGTCCTCCATGCGGCGCATGTCCGCGTACAGGGTCC
Smal Smal
5656 GCCCGGGGCCGTTGCGCAGGATGCCGTAGACCGGCCGCTGCCATCGCACCCCGCCCCGGGTGACC
5721 GGATGTGTCAGGCCGGCGCTCACGACGACCAGGCGCCTGACGTCCGCCGCGCGCATCCCGTCCAL
Smal
5786 GACGGCCCGGGCGGACGCCGAGTAGACCGTGACCGGCCTCCAGGAGTACGGCGCTCCCAGGCAGG
5851 ACAGGACGGCGTCGGCGCCCTTGAACACGGACGTCATGTCCGCGACGTCCGTGACGTCCGCCGTT
5916 TCCACGGTCAGCCTCTCCCCCGGAGTGACCGAACCCGGACGCCGGACGACGGCGACGACGTCATG
5981 GCCGGCCGCACAGGCCAGGGCCGTCACCTGCCGTCCGGTCGGGCCGCTTGCACCGAGCACTGCTA
<- gillL Sphl
6046 CTTTCATGCCGTCTCCAGACGATGCGCGGACGATGTACGGACGCATGCGGACGATGTGCGTCGTG
6111 CGGTGGTCGAGAAGGTGCCCCGGTCGGCGCCCTTCCCGAACGACGCCCCATCGTAGGAGTCGCGG
Smal Smal
6176 CGCCCGGCCCCGGGTCCGAGGCCGTGGGCACCGTCGAGRACAGGCCGCCLCGGGCGGGGCCGTTGC
Smal
6241 GGCGGGCGCCACGGAGCGGGAGCGCGGGCGGCACGCCGCCGGCTCCCGCCCGCGTTCCCGGGLGG
6306 CACGCCGCCACCCCTCAGGAGGAGCCCTGCCGCGCCGTCCGCGCGGACGTTGCGGGGGCCGTCCT
6371 GGCCAGTTCGAGGGCGCCCATCGGACAGGACCGGATCAACCGCTCCACCTGCCGGACATCGCCGA
6436 ACCCGTCGGCCGCCCCCGCTGAGACGGTGATCTGCTGCTCGGGGLCTGCGGAAGACGGCCCTGGAC
6501 AACCCCTCGCACTGTTCGTGCAACTCGCACCGCCGGCCGTCGATCCTGACCACCGTCACGTCCTC

*kk
6566 GACGGGCTCAGGCAGTTCGTCCATGGAACGTCACATCCATCCTCTCGATCCCGCGGATGGTGTIG

6631 TGCAGCCTCCAGGTCGGCTCCCCCACCTCGATCCTGigé£CGTGACGGACCAGCGCCTCCAGGAG
6696 GCTCTGCCCCTCCAGGCGGGACAGGGCCTGACCGACGCAGGCGTGGATACCGTGCCCGARACCGA
6761 CGTGCTGGGCCGCGCCCTGCCGGGCGACGTCGAAGCGACTCCGGGTCCTTCCAGAACCGCTCGTCA
6826 CGGTTGGCCGRACCGAAGAGGAGGAGGACGCGCGATCCGCGGGGCAGCGCGGCTCCGCCCAGCTC
6891 CGTGTCCTCGGCGACGTAGCGGGTGAACCCGCGCAGCGGCGATTCCAGCCGGATGATCTCGTTGA
6956 AGGCCGACGAGACCAGGGAGGGGTCCTCCCGCAGACGGCGCCACTGGTCCTGGTGCGTGCCGAGC
7021 AGCCACAGgigéCTGGAGAGCGCGCTGACGGACGTGTCCATGGACGGGGCGAGGAAGTCACCGAG
7086 CAGTCCGGGCAGCAGCTTGTCCTCGATCTTGCCCTCGCGGGCCTCCGAGACGAGTTCGGCACCCC
7151 AGCTCCCCGGACGCAGATTGCCGGGCTGTGACATCCGGTGGAGGAACTCGCCCATCTCGCCGAGC

7216 AGCGGCAGGCCGGCCCGCGTCCGGTCGTTCAGGGGACCGAAGGCGTTGAATCCGGCGCTGGCCCA
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Figure 9. cont.

7281  CTCCAGGAGCCTTTCCTTCCCCTCGCCCTCCGGCCATCCCAGCAGATCGGGCACCACGGCCAGCG
7346  GGAAGGCGACCGCGAAGTCCTGGACGGCGTCGAARCGACTTCCGGGCGACGAGGTCCCGGACAAGA
7411  CGGTCCGCCCAGGACGTGACGTACCCGTTGATGTCGGCCATCGCGCGGGGCTTCAGGTGGCGGGE
7476  CACGAGCCCCCGCACGTAGGCGTGGTACGGCGGGTCGCTGGTGAAGCTACTGCCCTTCTGCGCCT
7541  TGTTCAGGGTGTCGGTCAGACCGACGCCCTCGCCGGACACGAACGTGCCGTGGCGGTGCAGGGCT
7606  GCGTACACCTCGTCGTAGCGGGCGGCGCAGTGCACCTGGTGCGCCGTCAGGTACACCACCGGTGE
7671  CGCGTCGCGCAGCGCACCGTACAGGGGGTACGGGTCGGTTATCGACGCGTCCGTGTACGGATCGA
<- gilOIIT ke
7736  GATCGAGGTGGGGGATCGTCGATGTGGAGATCACCGCTTCATCCTTTCCGCGCGAGGAGGTCTTC
7801  GATCAGCGGCACCATGCCCACGGCCGTCGGCGCGGTCGCGCCCTGCTCCGCCAGTCTCCGGGCCC
7866 TGGAGGAGTAGGAnggﬁéCCCGAGCATCTCCTTGACCACCTGCGTGATCGCCTCCGGGGTGCCC
7931  TCCTCGCGGTAGAGCGTCCGCGCGCACCCGTAGTCCGTGAGGTGCT TCAGCCTCGGGACGAAGGE

7996 CTCGAAGGGGTTGAGGATCAGCTGCGGAGTCGCCGTGTTGATGGCGTTGATGGCCGTCAGTCCGC

BamHI
8061 CCGCCGGATGGATGATCACCTCACAGGTCGGGAGGATGGCCTCCAGCGGGATCCAGCCGGCGCGL
Smal PstI
8126 ACCCGGGGGTACTTCTCCTGCAGCCGCTGCCCCTCCGCCTCGCCGATGGCCACGACGACCTCGAC
Xhol Sall
8191 CTCGAGCTCCAGCAGCCCTTCGACGATGGCCGAGATGCGGTCCATCGCGCCGGGGAAGGCGTACC
HindIII

8256 GGAAGCTTCCCATCGTCAGGCACACGCGCCCGGCGTCCGGAGCCGTCAGCATCCACGGCTCGATC
8321 GCCCGCTGCATGTTGTGCGGGGTCCAGCGCATGAAGGTGCCGGTCGCCCCGACCAGGCCGGGCGG
8386 GCAGATGTCGATCTTCAGTGAGGGGTCGGGCAGTGCGTCCGAGCCGATCCTGGCCAGCTCGTCCG
8451 CCATCTCC?gg;GGAGGTACTCCTCGTAGCCGCCGACGTCGAACAGGTCCCAGGACTGCCGGACG
8516 AAGGGGATGCCGAGGAACCGGGCGGCGATCTCGGCACCGTGTCCCTGGCTCCCCGCGATCAGGAC
8581 GTCGGCGCCCCACGTCCGGGCGACGTCCACCAGGTCGTCGAAGACGTGGCTTCCCTGACGCCCGA
8646 ACCAGTGGCCCAGGTAGGGCATCTCCTGTTCGGGCCGGTGGGGGTACTCGATCGCCGGCTTGCCG
Notl Smal
8711 CCGGCGGCCGCCTTGATGCTCTCGGTCGTGTGCCCCCGGGCCACCGGGAGGGACGGCAGACCGAT
B776 GCCGGTGACGGCGCCGGACATCTCCTCGAAGGACGCCACCAGGACGTCGTGCCCGGACARACCGGA
8841 GTGCCGAGGCGAGGGGTCCGATGGCGAACGCGCTGGCCGGGCTCGTGCCCGCGGCGTAGAAGAGG
8906 GCCTTCACGCGGCGCCCTCCCGTGACCGGTCCCTTGTCGCGTTCCGCGAAGTAGGCCTCCTTCAG
8971 GCCCACGGTCTCGAAGTCGATGACGGCGAGGCCCGAGGTCAGCAGACGACTCGAACGCAGCTCCC

9036 GGACCAGGTCCAGGTAGTTGTCCATCTCGTCGAAGCCCAGGATGAAGARACTCTCCGCCTCACGG
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8101 CCGTACTTGATGGCGCGCACCGGTGTTATCTCCCCGCCCCGCTTCACGAAGGCGCCGATGCTGGG

9166 GRAGACGTGCTCGTGTTCGACCGTGATGCGCTCGTCGAGGGACAACTCGTACCACGGGGTGAGGT

<- gilGT
* k&
9231 AGTTGACGACAAGGACGGCGGCGAACTTCATGCCGGGCTCTCCGATCGGGTTGCCTGCGGACGCA
Sphl
9296 GTACGGCATGCATGTGCCAGATGTGGGAGACGACGTTCCCGGCTTCGTCCACCATCTGGGCGGCG
Sall
9361 AGGTTGTCGGTGGGGGCGTTCACCTCGAAGGTCCGCGGGCTCGACCATCTGCGCGACGGCCTCCGG
Kpnl
9426 CGGCAGCGAGCTGTGGTACCGCGTCGCCTCGATCACCTTGATGTCCCAGTCGGCGCCGAACGCCT
Smal
9491 CCCGCAACTCCGGTTCGGAGATGCGGCGCGGACCCGGGTAGTCGGGGGTCAGCTCCTTCGAGAAG

Sacl
9556 GTGAACAGGTGCAGCTCGGCCCCCTCCTTGCACAGGGTCCGCAGGAGCTCCGTGTAGCGCGGCAC

9621 CTCCTCCTGCGGCAGCGTGTGGAAGAAGGCGCTGTCCAGGACGGCGTCGTACCGGACACCGGACT

Sall Smal
9686 CCGCGAGGCGGAAGGCGTCGGTCACCTGGAAGTCGACGCTCACGCCGTGGTCCCGGGCCTTGTCG
Sall Smal

9751 CGCCCGCACTGGACGGCGACCTCCGAGATGTCGACCGCGGAGACCCGCAGCCCCCGGGAAGCCAG
9816 GTAGAGCGCGTTGTCTCCGAGCCCGCAGCCCAGATCGAGCACGTGCCCGCGGAAGCCGCCGCGAT
9881 CACAGATCGCGCGTACGGCCGGCTGCGGGCCGCCGATGTTCCACGGCATGAGG;GGCCTGACTTC
9946 TCCCCGTCCTGGTAGAGCTTCTCGAAGGGGATCTTCTCCGTGCTGCCCG;;GS;;?CGAGCGCCA
*hk

10011 CTCCTCTCAGAGTCCTATGGACATGCTGTGATGGAAGGTGTTCAAGGGGTCCCACGCGCGCTTCG
10076 CCGACCGCAGACGGGCGTAGTTGTCCTTGTAGTACAGGTGGTGCCAGGGCTCCCCGGAGCGGTTG
10141 CGGGCCGGGTCCAGGAGATCCGCGTCGGGGTAGTTGATGTAGCAGCCGTCCGTGngééGCCGGT
10206 GACGGGCACCCCTCCCGTGCCGGCGAAGAACTCCTCGTAGAGCCCGCGCAGCCAGCCGAGGTGCA
10271 GCTCGTCCAGCTCCGCGTCCTGCCAGGCCGAGAACCAGGACGACTTCACGACGGAGTCCCGCTGG
10336 GGGACGGCGGCGTCCGACGGCCCCCGCCGGTTGATCTCTCCCCCGTAGCTGTTGAACATGACGTA
10401 CGAGGCCTGGLCCGGGGETGGTCGGCGTGCAGGTGCCGGTGGAGCACCGAGAGCTGCTCGTCGGTGG
10466 GTGCCGCGCGGTGGTAGGCGGACTTGGAGGCGGAGCGGGCGCCCATGACGTCACCGCAGTCGGCC
10531 TGACTCATGTAGCGGGTTCCGGTGAGCCAGCTCATGACACCCCCTCGGGGGATGCCCACCACGCC
10596 GGTGCCCTCGGTCAGGGACGCGACGAACCGCGCGAGGATCTCGCCCTCGGGGTCCACGTCGGCGT
10661 CCTGCTGGACCATCAGCgééiGGACGCCCGAGCTGACGTGGTTCACGAAGAAGGTGGCGAACAGC
10726 GAGGACTCCGGCGACCCCGGCTCGGAGTGGCGTTCATGCCACTCGAAGAAACGTCTCATCACAGT
10791 GACGAAGGACGTCTCGTCGATCATGGCCCAGGGGAACACCACCTTCTGGACGTGCAGTCGGCCGG

10856 CGGCGCGGGGCAGGCCGACGGGTTCCGTGGCGAGGTGCTCCGGGCTGCGGAACTCGTACGCCGTG
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Sacl
10921 ACCACGCCGAAGTTGCCGCCGCCACCGCCGGTGTGTGCCCAGAAGAGCTCACCGAGATCGCCGGT
Sall
10986 GTCGTCGGCCCTCGCCGTCACGAGGCGAACGGTGCGGGACTCGTCGACGACGGCGACCTCCACCG

Sall
11051 CGTGCAGGTGGTCGACCACCAGCCCCAGCTGGCGCGACAGCGGCCCGTAACCACCTCCGGCGACC

11116 AGGCCGCCCATGCCGACCGCGGAGCAGGCCCCGAGCGGCAGGGCCGCGTTCCACCGGCGGAACAG
Sall
11181 GGCCTTCTGGACCTGGTCGACCGTCGCACCGGAACCGACGCGCACCCCGGCGCCGTCCGCGGCCG

11246 GGCCGATGGCATGGAGGTTGTGCAGGTCCAGGACGAGGTCCCGGCGCGGCGTGCCGACGAAGTCC
Pstl
11311 TGGCCGCAGTGACCGCCGGACCGGCAGGCGACCCCCCGCCCTTCCGTGACGGCCTTCTGCAGGGA
11376 GGCGACGACGTCGTCCGGCGTGGCGGGGAGGAAGAACTCCTCGGGCTCGACGACGAACCGGTGGT
11441 TGTCCGAGTGCGACAGTTCGATGTACCGCGGGTCCTCGCGGCCCACCGTGAACGGCGGTACGGAA
<- gilR
T2
11506 GCGGTCACGACGCGTACCCCTCGACCGACTGGGTGAACACGGTCTCGTAGGTGTTGGACTCCCGC
11571 GAGGTCAGCAGCGCCTTGCCGCGTGCGCGCATCTCCCGGTCGTGCGCCGGGCGTTCCTCCTCGGG
11636 CATGGCGTGGAACGCCTCGTAGGAGGCCGCGTCGTCCCACTGGGCGTAGTTGATGACCATGTCGC
KpnI Smal
11701 CGTCGAGCGCCCTGAGGATGCTGTGGGACCGGTACCCGGGCACCTGCCGCATCCAGTCGTCCGGC
Sacl
11766 TTCTCCAGCAGGGACACGAGCTCGCCCTGGTCCTTGGGGTCGCACCCCATCAGGACGATGACGGT
11831 CAGGTCCCCCCGGTCCGGGCCGATCTCCGTGCGGGCGGCACCGTCCTTCGTCTGGACGGACACCA
11896 CCTCGGTCTTCAGCAGGTGCACCGACGTGGTGAGTTCGGTGAAGTAGGGGACCGTGTTGTGCTTG
11961 AAGTTCTCCCCCTCGTACCGCTCCCTCAGGTCGTTGATCGACCGCCACTGTATGTAGTTGGCCGC
Sall Smal
12026 ACAGGGCCTCGCCACCCCCGCGTGCAGGGTCGACGACCGCCATCCCGGGTAGTTCGCGTTCGCGA
12091 TGATGCCGCGCATGGCGTCCAGGAGGGTCGCCTGCTTCTCCGAGTCGGTGGTGTTGAACAGGTTG
<- gilOII
12156 AACACGGTCAGGGAGCCGTTCTCGGGCTCGATGATCGGCATGAGGCCTTCCATGAGGTGTCGGALC
12221 GGCCCCGGAGGGCCGGCTGTGGCTGATGGGTTCTGACCTCGGTGACGACGAGGACGLCGGGCGGCC
12286 GGCTCTCCGGGCCGCCCGGACCGCCTGTCGGGATGCCCGCCGCACACCCGGCCCGGLGGCCGGLE
* kK
12351 TCACCGGCTGCGGGGAGAGCCCGGTGTACCGGTCTCCCCCGAGACCTTCCTTCCTTCGACGACGG
12416 ACTGGAGTCCGGCGCGGCTGACCCCGACCAGCTCGATCCCGACCTCGGCCATCAGGAGCCGGAAC
12481 TCCTCCACGGTGCGCTGTTTGCCTTCGCACAGGAGGAGCATGTCCATGTCCATGAGGGAGATCGC
12546 CTTGTCCGCCGTGTCGTCCAGGCCCGCCACAGCCTCCACGACGGCGATGTGCGCCCCCTCGTGCA

12611 TGGCCTCCGCGATGTTCCTGAGGATGAGACGGGAACGGCCGTCGTCCCAGTCGTGCAGCACGTTG
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12676 GAGATCATGAACAGGTCGCTGCCCGACGGAACGCCGTCGAAGAAGGAGCCGGACTTCACCGTGAC
12741 GCGGTGGGCCACCGCCGCGTCCGACAGCTCCGGCAGGGACCGCGACACGACGTCCGGCTGGTCGA
12806 AGAGGACGCCGGTCATCTCGGGGTGCTTGCGGAGCACGGCGGCCAGCAGCGCCCCCCTCCCCCCG
12871 CCCACGTCGGTGACACTGCTGAACCGGGAGAAGTCGAACGCCTCGATCACGGGCTGGATGACGCG
12936 CTTGGACAGTTCGGTCATGGCCGAGTTGAAGACGGCCGCGGTGTCGggggéCGACTCCATGAACT
13001 CCCACACGCCCGAACCGTGCATCGCGGCGAAGGGAGAGCGGCCGGTGCGCACCGCGGTGGCCAGG
13066 TGGGCCCAGGTCGCGCGTTCGGCCGigé;CCCCGTCCACCGCGCGAAGTTGCGCATGGAGCCGTC
13131 GTCGGAGGCCAGGGCCCGGCCCAGCTCCGTCAGCTCCAGCGTGTCGTGCTCGCCCCTCCGCAGCA
13196 GCCCCACGGAGGCGCCGGCGCGGAAGAAGCGCTCCGCGGTGTCGTGCTCCAACCCCAGCCGGACC
13261 GCCAGTTGTGCGGGCGTCAGCCCGCCGGCGGCCAGGCCGTCGGCCACGCCCAGTTCCGCGAACGT
13326 GCTGACGACACCGGCGCGCCAGCCTCCCATCAGGAGGTCGAGGATCTGCACAGCGACGGGTGCCG
13391 ACGGGGGCAGCGATCCCGATGCAGTA;;Gg;éngATGTCCCTTCGACTGGTGGACATGCGGGGA
13456 GGTGAGGCACCGCTGCAAGGGCAGTTCGCTCTCGAACACACTTTGTTCGTGATGCCTCACCGGCG
13521 CTAGGTATCCTCATGGGATGGTnggéGAAGCAGCGCCTGAACTGCGCAGAGTGCTGCCGGACGG
13586 GAGCGGATCGCCCGCCCGCACTCTGCGGCTGGTGGAACGGACGACCGTGCGGAGCCGGGCCGGTLA
13651 CGGTCCGGTGGAAGGGCGGCCCTGCGGTGATCCGGGCGGCCCGCCCCCGTGCTCCCGGCGTCCCA
13716 CGCTCCGTAGGCGCGGGACGCCGGACACCTCATGATCCCGACGACGGCCCTGTGGGEGTCCGGCCG
* kK
13781 GCGACGGGGCGCTCCgggiGGAGCGCGGTGCTACTTCGCGTCCACGTCGGCTTCCTCGGCCCCGC
13846 GGGGAGCGTTCTCCCCTCCCCACTGCTGGGCGTCCCCCTTGGGCCGCGGGATGAGGAAGGTCGCC

13911 AGCATCCCGAGCGCCAGCAGCGCGGCGCAGGTGTAGCCGTTGATCTGGATCGCGTACGACATGGC

NotI
13976 GTCGCGGGCGEGCGTCGGLCGGCGGCCGCCGTGTCCGEGTTCTCACTCAGTCCGGAGATCATCGLGC
Sall
14041 CGGCGCTGTCGGAGACCGCCGACGACAGCTCGTTCGCCTCCGGCGCGGGCGTCCCCTGGTCGACG
Sall
14106 AGCCGGTCGGACAGGTCGGAGTCCAGTGCCGTGAAGAAGGTCGACGTCAGAATCGCGATGCCGAG
BamHI

14171 CGCGGAACCGAGCTGGCGTGCGGCGCTCTGGATGCCGGATCCCTGGCCGGCGTGCCGCGGCGGCA
14236 CGTCCGCCAGGACGACGTTGGTGACCTGCGCCGTAGCGAACCCGACTCCCATGCCGTACAGGAAG
14301 AGGGCGATGCCGATGACCCACCACTGCGAGTCGCTGCTGGCCAGCAGACCGAACATCAGCAGACC
14366 GACGGCCgggiGGACGAGGCCGATGCGCACCAGCCCGATGGGGCCGACGTTCTCGGCCATGCCGA

14431 AGCTCGCACCGCTCGCGAAGAAGCTGCCGACCGCGACGACGAAGACGATCAGTCCGGTCTGGAGC
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Sphl
14496 ACCGAGTACCCCAGCGTGTACTGGAGCCACAGGGGGAGAACGGCGAGCATGCCGAACTCCGCCAG

14561 CGCGATGATCAGCGTCGCGATGTTGCCCGTGCTGAAGGACTTGATGCCGAACAGCGAGGTGTCCA
Smal Pstl
14626 TCAGCGGCGCCGTGCCGTCCACCCGGGTGAGCCGGACCTGGCGCTGCAGGAACAGCCCCAGGCAC

14691 ACCACGGAGACGACCAGGGCGACCGGGATGACCGACAGCTCCACCGGGTCGCCGAAGGGACCGAA

14756 GCTCTTGCGCGGGTCCCACCAGCCGTAGTTGCGGCCCTCGATCAGCGCGAAGGCGAGAAGTCCGA
Sall
14821 GGCCCAGCACCGACAGCACGCCGCCGACGGCGTCGACCTTGCCCGGCTGCGCGGGGGACTGGTCC

14886 AGGAACTTCATGACGCCCGCGATGATCAGCACCACGACGAAGATGTTGATGCCGAACGCCCACCG
Notl
14951 CCAGGAGAACTCGGCGAGCCAGCCGCCCAGGAGCGGGCCGACCGCGGCGGCCGCACCGATCGTGG

15016 ACCCCCAGATGGCGAAGGCCTTGCCCCGGTCGGCTCCCCGGAAGGACATGTTGAGCAGGGCGAGC
15081 GAGGTCGGCATGATGATCGCGCCGCCGACGCCCTGGGCGARCCGGCTGGCGATCAGGAGTTCCCC
15146 GGAGGGCGCCAGGGCGGCGGLGATGCTCGCCAGCCCGRACACCACGGTGCCGATGAGGAACAGCC

15211 GGCGTGCTCCCACCACGTCCGACAGACGCCCCATCACCAGCAGCAGAGCGGCCAGGATGATCGLCG
BamHI Xhol
1527¢6 TAGGACTCCTGGATCCACTGGGCGCCGAAGGCCGAGATCTCGAGGTCGTCGATGATCGGCGGCAT

15341 CACCACGTTGACGATGGTGAAGTCCACGACCACCAGCGACACACCGAGAGAAATGGCGAGCAAGC
<- gilJd
15406 CCAGCCAGGGGTCCCGGTTGGCCGGTGAGGACCGAGTTGGATTGTCAGACACTGCGTTCATCCGT

15471 CCTATGTGACACACATGGCCCAGTTGGGTCGCCGGGGGCGAGACAAGGGGGTAGGGCGGGGGAGC

15536 CTCCCGCCCCCGGCGCAATGGCACTATGACAGGAGAAGAGGACGGATTCTGACCTCTACTGACAC
gill ->
15601 CGATCCGGAGGGCAATTCTTGATCGCCAACCGCACGTTGGAACTCCTCAGCCTGTTACAGACCCA

15666 GAGGGAGTGGACCGGTGACGGGCTGGCCGAGCGGCTGGGTGTGTCCCCGCGGACCGTCCGGLGCG

15731 ACATCAACCGACTCCGCGAGCTGGGCTACCCCGTCACGGCGACGAAAGGCCCCTCCGGCTCCTAC
Sall
15796 CGGCTGTCCCGCGGAGCGCGTCTTCCTCCCCTGATAGTCGACGACGAGCAGGCCCTCGCCATCGC
Pstl
15861 CCTGTCCCTGCAGACCGCGCCGGCCTCGGTGACCGGCATGGGAGACGCCACCARACGTGCGCTGA

15926 ACTCCATCCAGGAACTGTTGCCACCTCATCTGGCCCACCGGCTCGCCACCTTCTCCGTCGAACAG
Sall
15991 ATCGAGAACGCGTGGGAACTCGCTCCGCCGCAGGTCGACCCCTCCCTGCTCGCACAGCTCAGCAG

16056 CGCCGCCCAGCAGCGTGACCTCGTGAGGTTCTCCTACCGCTCCATCCACCACGACTCGATGCAGG
Kpnl
16121 ACGGGGAGGTCCTGGCCGAACCCCACCGGCTCGTCGTCTGGTCGGGACGCTGGTACCTGGTGGCC
Sacl Sall
16186 TACGACCAGCAGCGGAGCTCATGGCACGCCTACCGGGTCGACCGCATCAAGGATCTGGCGCCCAC

16251 CGCCTGGCGCTTCGGCGAGCGGGAGGGTCCCGACGAGGACATCACCCGCTTCGTACAGAACCAGC
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16316 CCGATCGCGGTGACACCCCGGACACCTGGCCCTGCTGGGGCACCGTCCTGATGGAGTGTCCCGLG
Smal Sall
16381 TCGCTGGTGGCGAAGTGGGCCCCGGGAGTGGCGAGTTTCGAGGCGGTCGACGACAGGGTCACCCG
BamHI
16446 GATCCAGATGGGCGCGTGGTCGTGGTCGGCGCTCATCGGCTTCCTGATCACCTTCAGTTGCCGCT

16511 TCACCGTCGAGGGTCCGCCCGAACTCGTCGCCGCGGCGCGGAGGGTGATGGGCCTCATCGACGTC

16576 GGGATTCCGTCGCACGACCCCCTCGCGGAGCCGTCGAGCCGCACACCCGGCCCCTCGGCCGGLCG

*k*k LR 2]
16641 GTGACGCCGTGGCCGCGGCACCCCCGCACCGCGGGGAACCGCCGGGTCAGCGGACCGCCTGTCCC
Kpnl

167086 AGCTCGGCGCGCTGCCGCAGCGGTTCCCACCAGTCCCGGTTCTCCCGGTACCAGGAGACGGTCTC
16771 CGCGAGGCCGGTGGCGARATCCTTGCGGGGCTCGTAGCCCAGCTCCAGGGTGATCTTGGCGCAGT
16836 CCACCGAGTAGCGCCTGTCGTGTCCCTTGCGGTCGGCGACGTACTCCACCGACTCCCAGCCGGCC
16901 CCGCACGCCTCCAGGAGCAGTGACACCAGTTCCCTGTTGGTGiZg£CGGTGCCGCCGCCGATGTT
16966 GTAGACCTCGCCGGGTCTGCCCTTCGTGCGGACCAGTTCGATGCCCTGGACGTGGTCGTCGATGT
17031 GCAGCCAGTCGCGGACGTTGAGCCCGTCCCCGTACAGCGGGACGGTGCGGCchggiGGAGGCGC
17096 GTGATGAACAGCGGGATCAGCTTCTCGGGGAAGTGGTGATGGCCGTAGTTGT TGGAGCAGCGGGT
17161 CACCCGGACGTCGAGGCCGTGGGTGCGGTGGTGGGCGAGGGCGACGAGGTCGGCGGCGGCCTTCG
17226 AGGCCGCGTAGGGCGAACTGGGTGACAGCGGGTGCGTCTCCGGCCACGRAACCGTAGGGGATCGAG
17291 CCGTACACCTCGTCCGTGGAGACCTGGACGAAGACGCCGngégGCGTCCGTGGTGGCGCAGCGC
17356 CGCGTCGAGCAGGACCTGCGTTCCGCCCACGTTCGTGCGGACGAACTCGGCGCCCCCCAGGATCG
17421 ACCGGTCCACGTGCGACTCCGCGGCGAAGTGCACGATCTGGTCGTGCTCGGCGACCAGCCGGTCC
17486 ACGACCGCGGCGTCGCAGACATCGCCCTGGACGAGGCGGAAngSéGGTGGGCACGGACCGGGTC
17551 GAGGTTGGCCGGGTTGCCGGCATAGGTCAGTTTGTCGAGCACGGTGATGCGGACCCLCGGLCGGGLC
17616 CGTGCGGGCCGAGCAGGGTGCGGACGTAGTGGGAGCCGATGAAGCCGGCACCACCGGTGACGAGG
<- gilE
BamHI Ll
17681 ATCCTCGTGGCGGTCATGACGAGATACGCACCTCGCTGTGGTCCCCGAGGACCAGCCGGTGGGCC
17746 GCCGGCACACCGGCGGCGGGGGTCACCTCGACGTTCCGCCCGATCAGGGAACTCTCCACGCGGLG
17811 GACCCCCTGGACCGTGGCCCCGGCGAGGACGATGGAGAACTCGATCTCGCTGGACTCGATCCGGC
17876 AGTCCGCCGCTATCGACGTGGACGGGCCGACGTAGGAGCCGGTGATCCGCGTGTTGGCGCCGATC
17941 ACGGCCGGCCCCACGATCCGCGATCCGCGGATCTCGGCGCCCGCCTCGATCGTGACCTGGCCGAT
Sall Sall
18006 GACCTCGCTGTCCGCGTCGACATAGCCGTCGACCCGGCCCTTGGCGCCCTCCAGCACGGCCCGGT

18071 TGACCTCCAGCATGTCGATGACGTTCCCGGTGTCCTTCCAGTAACCGGARATGGTGGTGGAGCGG
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18136  ACGTCGTACCCGTGGTCGATGAGCCACTGCAGGGCGTCGGTGATCTCCAGCTCGCCGCGTGCGGA
18201 CGGCTCGATCCCCCGGACGGCCTCGTGCACCACGGAGGTGAACAGGAAGACGCCGACCAGGGCCA
18266 GGTCGCTGCGCGGAGCGGCCGGCTTCTCCTCCAGCGCCACCGCCTTCCCGTCGTCGTCGAGTTCG
18331  ACGACACCGAAGGCGCTGGGGTCGGCCACCTTGGTCAGGAGGATGTGCGTGTCGGGCCGGCTCTC
18396 GCGGAACCCGGCCACGAGATCCGCGATACCGCCCACGATGAAGTTGTCTCCGAGGTACATGACGA
18461 AGTCGTCGTCGCCGAGGAACTnggéGCGATCAGGACGGCATGGGCGAGACCGAGCGGCGCCGCC
18526  TGCCGTATGTAGGTGACGTCCAGACCGAAGGCGGAGCCGTCGCCGACCGCCTGCTGGATCTCGGC
18591  GGCCGTGTCCCCGACGACGATGCCGACCTCGGTGATGCCTGCCTCCGCGATCGCCTCCAARCCCGT
18656  AGAAGAGCACGGGCTTGTTGGCTACGGGGACGAGCTGCTTGGCGTAGGAATGGGTGATGGGCCTC
18721 AGGCGGGTTcCGGCCCCGCCGGACAGTACGAGAGZETgéi?GGCGGCGCAGTCTAGGCGGGCGGG
18786  GAAACATCTCAATCGGCCCGGCAGCGCACGGATGTCTGGAAACAACGGTCGGTAGAGGTCAGGAA
18851 CTGACCTCTACCGCTCATAATCTGGCCGCTCCCCTCTCCCCGGAGATCAGCTTCGAG§SE$CGGT
18916 CCCTACCGAAGGAGCGAAACAGz;égTE;GGATCGCCGTCATCCTCGGAAGCACGCGTCCCGGCC
18981  GCCGCGGGGCCGTGGTGGCCCAATGGGTCGCCGAGGTCGCCGCGCGGCATCCCGCGGCGGTGATG
19046 GGCGAGGCGGAGTTCGAGCTGGggé;CCTGGCGGAGTACGGCCTCCCGTTGCTCGACGAGCCCGT
19111  GCCGGCGATGTTCGGCCAGTACCAGAAGGAGGAGACCCGGCGGTGGGCCGCCGCCATCGGCTCGT
19176  TCGACGGATTCGTCTTCGTCACGCCGGAGTACAACCACTCGGTGCCCGCCGCGCTGARGAACGCC
19241  ATCGACCACCTCTTCGCCGAGTGGACCGACARGGCGGCCGGGTTCGTCAGCTACGGCGTGCACGG
19306  GGGAACCCGTGCCGTCGAGCACCTGCGGCTGGCCCTGGCCGAGGTGAAGGTGGCCGGGGTGCGCA
19371  GCCAGGTCGTCCTGTCGGTGTTCAACGACTTCGACTACACGGGATGCGACATGACGGACCCGACE
19436  GCCATGGGCCGGTTCACGCCGGGACCGCAGCAGGAGCAGACGGTGAACACGATGCTGGACGAGGT

Sall

19501 CGTCGCCTGGTCGACGGCGCTCAAGCCGCTGCGTACTGCTGCGACCGCTGAGGCGGACGGLCCGGE
'L

19566 CCGTGTCGGTGTGACGCACCGGTCCGCCCGCCGGACCCCCTGGTGAACGTGCTGGTCACGGCCCC

19631 TCGTGCGTACGCTACGAGGGCCGTGACCAGCACGTTCGCCTGTACGGGCGAGCGTGGCCGCCACG
Smal

19696 CCGCGGGTGGGCGGCGGCAGCACGCCGGCCGGACCGATCGCCGAGTGGCTTGTTACGTGCCCGGE

19761 GCGACGGCGCCGGAGGGGGACGCGCCGAAAAAAACCGGTCAGTCGAGTTCCCCTTCGATAACACG

EcoRV
19826 GATATCCCCCCGTCCTCACTTCGGGTGACCTACTTCGGCCGTGCGACTCCGAGCATCGTGAGCGG
gilOI ->

15891 CATGACGTTGCACGCCGCAGAAGCCATACCGTCACACGTACCGGTTCTCGTCGTGGGAGCCGGCC
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19956 CGACAGGTCTCATGCTCGGCGCCGAGCTGGCGCTCCACGGCAGCCGGCCGCTGGTGATCGACGCG
20021 CTGCCGAGCCCGAGCGGACAGTnggéGCCCTGGGCTTCACGGTGAGGACGCTGGAGATCTTCAA
20086 GCAGCGCGGCATCCTGGGCCGTTTCCAGGGACTCGCCCCGGTGCCCGGAGTCCATTTCGCCGGCC
20151 TCAGCATCAAGGGCGATCACCTCTCCAGCTCGATGCGCCCGGCCAACCAGTACCCGCAGTCCAAG

20216 ACCGAACAGGTCCTCGCCGCCTGGGCCGAGGAGCTGGGAGTACCGGTGCGGCGCCCGTGGACGCT

KpnI
20281 GACGTCCATGGAGCCCACTGGCACCGGGTACCGCTGCGTGCTCAGCGGCCCGGCCGGGCAGCAGA
Sall
20346 CCGTCGACGCCGACTACGTGGTCGGCTGCGACGGAGCGGGGAGCTTCGTCCGCGAGGCGATCGGC
Sphl

20411 ATGCCGARCCAAGCGCACTCCCCCATCCGTACAGATGCTCCTCGGTGATCTGCGCGGATGCGGTCT
20476 GCCCGACGAACCCTTCGGGGTCAAGCACGAAAAGGGCATGGTCATGTCCGCACCGCTGGGCGACG
20541 GGACGGAACGCGTCATCGTCTGTGACTTCACCCAGCCGATGcggééGCAGGGCACTCCCGTCACG
20606 CACGACGAGATCAAGGCCGCCTACGAGCAGGTCGTCGGCAGCCCCCTGGCGCACGGCGAATGTCT
20671 CTGGGCGiggiCGTTCTCGGACGCGTCCTCCCTCGTGGAGTCCTACCGGTCCGGTCGTGCGCTGC
20736 TCGTCGGCGACACGGCGCACACCCATCTCCCCGCCGGCGGGCAGGGCATGAACGTCTCGATACAG
20801 GACGCGGTGAACGTCGGCTGGAARGCTCGCGCTGGTGAGCCAGGGCCGCGCGCCGGACACCCTGCT
20866 GGACACCTACCACGCCGAGCGgﬁgéCCGGTCGGCAGGGAACTGCTGCTCAACACCGCCGCCCAGG
20931 GCCAGGTCTTCCTGCGCGGCCCGGAAGTGGACCCGCTGCGCGAGGTCCTGCGGCGACTGCTGARC
20996 ATCCGGGAGGTGTCCGTCCTGCTGGCCGACGGAGTCAGCGGACTGGACATCCGCTACGACATGGG
21061 CCTCCCGGAAGCACCGCCACCCACGGGTGAACGGCTGCCGCCGGACGTGTTCCACGTCGTCGGGA
21126 CCGGCGGCGACGCCGTCGAGGAGTTGCGGCACGGCGCCGCTCTGCTGATCGTCCCGTCCCCCGAC
21191 AGCCCGGCGTCCTCGCTGGTCGCTCCGTGGCGGGACCAGGTGCGCGTCGTGCACGCGCGCCCCAC
21256 GGACCCGGACTGGGGCGGGGAGCCGGCCGCGTCGTCGCACTGGTTCGTACGACCGGACGGACACA
21321 TCGCGTGGGCGGGCACngziiCAGCGAGTTGAGCGCCTCACTGAGCCGCTGGCTCGGTCAGCCC
*kk gilG ->
21386 GCCGCGTAACCAGAGGAGGAAGAACCCTTGTTCAGCTCTCTCATCGTCGCCCGGATGGACACCGG
21451 CCACGCCGAAGCGGTGGCCGACGTCTTCGCCGGCTTCGACGCCACCGACATGCCCGCGCGGATGE
21516 GCACGCGGCGCCGCGAACTCTTCCGCTACCGCGGCCTCTACTTCCACCTCCAGGACTTCGAGACC
21581 CCCGACGGGACCGAAGCGGTCGAGGCGGCCAAGTCCGACCCGCGGTTCATCCGGGTGAGCAACGA
21646 CCTCAGGCCCTACATCGAGGCCTACGCCCCGGACTGGCAATCACCGAAGGACGCCATGGCAGAGC

gilhA ->
LR X

21711 GCTTCTATCACTGGAGTTCGAAACGATGAGCCGCAGGGTCTTCATCACCGGGGTCGGTGTCGTCG
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21776 CGCCGGGAGCCGTCGGACGTGACCCCTTCTGGGAGCTGCTGACCCAAGGGCGCACGGCCACCCGL
21841 CGGCTCAGCCTCTGCGACCCGGAGCCCTTCCGGTCCCAGGTGGCCGCGGAGGCCGACTTCGACGC
21906 CGAGGCGGCGGGGCTGTCGGAGCGGCAGTCCGCGGAACTGGACCGGGCGGCGCAGTTCGCCCTGG
21971 TCGCCGCCCGTGAAGCGGTCGAGGACGCGGCATGGTCCGAGACATGTCCTCCCGARCGCGCCGGA
22036 GTGATCGTGGGTTCGGCCGTCGGAGCCACGACCAAGngg;GGAGGTCTACCGGCAGCTCAGCCG
22101 TGACGGCTCCCTCTGGGACGTGGCCCCCGACTCCCCCGCCGAGCTGTACTCGTACTTCGTGCCCA
22166 GCTCGTTCGCCTCCGGCATCGCACACGACCTCGGCGTCACGGGGCAGAGCGGCGTCGTG?SéiCC
22231 GGGTGCACCTCCGGGATCGACTCCGTCGGCAACGCCTGGGAACTGATCCAGAGCGGCATCCTGGA
22296 CTCCGCCGTCTGCGGTGCCACCGACGCCCCCATCTCGCCCATCACCGTCGCCTGCTTCGACACGA
22361 TCAAGGCGACATCGACGTACAACGACACCCCGGAGAGCGCCTCACGGCCGTTCGACGCCACACGG
22426 GGCGGCTTCGTCCTCGGCGAGGGCAGCGCGATGTTCGTCCTCGAATCGGAGGAATCCGTCCACCG
22491 TCGCGGCGCACGCGTCTACGGCGAGATCCGCGGCTACGCGAGCCGCTGCAACGCCTACCACATGA
22556 CCGGTCTCAAGGCCGACGGACGCGAGCTGGCGGAGGCCGTCGTCTCCGCTCTCGGCCAGGCAGGC
22621 GTGGAnggéGCCGGCTCGACTACGTCAACGCCCACGGCAGCGGCACGAAGCAGAACGACCGCCA
22686 CGAGACCGCCGCGCTGAAGTCGTCCCTCGGACCCGCCGCCCACGACGTGCCGATCAGTTCGATCA
22751 AGTCGATGATCGGCCATTCGCTGGGCGCCATCGGGTCGTTGGAGATCGCCGCCTGCGCCCTGGCG
22816 CTGCGGGACGACGTGATCCCGCCGACGGCCAATCTCACCCGGCngzgéCGGAACTCGATCTGGA
22881 CTACGTGCCGGTCCACGCGCGCAAGCAGCCGACCAACAGCGTGCTCACGACCGGAAGCGGCTTCG
gilB ->
J ¥ %
22946 GTGGGTTTCAGAGCGCCATGGTTCTCACGGACCCGGAGCATCACTCATGACCGCACACATCACCG
23011 GCATCGACATCGTCTCCCCGCTGGGCCTGTCCCGCGAGGAACACTGGAAGGCCCTCCTCGACGGA
23076 TGCAGCGGTCTGAGGGCGACGCAGTCGTTCGACTCCAGCAGGTACGACAACCCCATCAGCGGGGA
23141 GGTGCCCCACTTCGCCCCGGAGGGCCTGCCCAAGCGGCTGCTGCCGGCCACCGACCGGATGACCC
23206 AGATGTCGCTGGTCGCCGCGGCGGGGGCGTTCGACGACAGCGGTG?;éiCACGAGCCGGGiSéiC
23271 CCCCTCGGAGTCGGTGTCATGACGGCGTCCACCGCGGGGGGTTACGCGT TCGGGCAGAAGGAGCT
23336 ézgéAACCTGTGGTCCAAGGGGCCCAGGTACGTCAGCACCCATCAGTCCTACGCCTGGTTCTACG
23401 CGGTCAACACCGGTCAGATCTCCATCCGGCACGGCTGCCAGGGCCACAGCGGAGTGATCGTCGCG
23466 GACGACGCCGGCGGGCTCGACGCGATCTCCTTCGCCGCCCGCCGTCTGGCGCGCGGCAACCGCGT

23531 CATGCTCACCGGGTCGGTGGACAGCACGATGTGTCCCTGGGGGCGGGTCGCGCACACCTCGACCG
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Sphl
23596 GCATGCTCTCGGCATCCACCGACGCGCGGGCCGCGTACCTTCCGTTCGACGCACGAGCCAACGGG
Pstl
23661 TGGGTCAACGGCGAAGGCGGCGCGCACCTCGTGCTGCAGACCCACAGTGACGGCCGCTACGCGGT

Smal
23726 GGTGCTCGGTCACGGTGCGACCATGGACGATCCCCGCGCCGCCCCGGGCACGGGCCTCGTCCGGR

23791 CGATCCACCTCGCGCTCGGCGCGGCGCGGCTGCGCCCCCGCGACATCAGTGTGGTGTTCGCCGAC
23856 GCGGCCGGCACéggéGAGGCGGACACCGCCGAGGCCGCCGCCCTCGCCGAGGTCTTCGGGCCGGA
23921 TTCCGTCCCCGTCACCGCGCCCAAGGCGGCGACCGGCCGGATGGGCTGCGGGACGGCCGCACTCG
23986 ACGTCGCGACGGCGGTGCTCGCCCTCCGCGACCAGACGATTCCCCCCACCGTCAACGTCCAGGCC

24051 GACGCGTCCCTGGGGGTCAACCTGTGCAGCGTCGCCACACACCACCCCCTCACCAACGTCCTGGT

Smal kkk
24116 CCTGGCCCGGGGCGTCGGTGGGTTCARCTCGGCCCTGATCGTCGGGAAATGAGAGAAGGAGCAAG
gilC -> Xhol Sall

24181 GAATGTCCGCACGCGTCACCATGGACGATCTCAGGCGAGCCCTCGAGGAGGGCTCCGGTGTCGAC
24246 GAGGGCGTCGATCTTGACACCGACCTCGARACCATGGCGTTCTCCGAGCTGGGGTACGACTCCCT
Sacl
24311 GGCGGTGCTGGAGACCGGCCTGCGCCTCGGCCGCGAGAACGACATCGAGCTCGACGACTCGGTGT
24376 TCGCCGACCTCGACACGCCTCAGCAGATGCTGGACGCGGTCAACGATGCCCTCGCGCGTCAGGCG
gilF ->
'T13

24441 GCGGCATCGTGACCTCTCCCCGTCATGCCCTGGTCACCGGCGGTTCCAGCGGCATAGGAAAGTCC
24506 GTCGCACGGCGCCTGGCCTCGGCCGGCCACACCGTCACGATCTGCGGTCGTGACTCCGAAAGGCT
24571 CCAGCAGGCCGCCAAGGAACTGTCGGAGCAGGGTGCACCCGTCACCTCGCTGATCGCCGACGTCA

BamHI
24636 GCAAGCCCCGCCAGGTGGGCGATCTGGTCCGCGAGGCCGTGGAGACGAACGGTCCCCTCGGGATC
24701 CTCGTCAACAACGCGGGCAGGAACGGAGGCGGCCGGACCGCGGAGCTGAGCGACGAGCTGTGGCG
24766 GGAGGTACTGAGCACCAACCTCGACAGCGTTTTCTACGTCACGCGGGAGGTGCTGGCCCGTGGCG
24831 GCATCGGCGAGGTGGACCACGCCCGGATCATCAACATCGCCTCCACCGCGGGGAAGCAGGGAGTT
248906 CTGCTGGCCGCCCCGTACTCCGCCTCCAAGCACGGTGTCGTCGGCTTCACCAAGGCGGTGGGCAA

Smal
24961 GGAGCTGGCCCCTCAGGGGATCACCGTGAACGCCGTCTGCCCGGGCTACGTGGAGACCCCGATGG
25020 CCTCACGGGTCCGGCAGGCCTACGCAGACGCCTGGGAGACCACGGAGGCCGAGGTGCTGTCCGCC
25091 TTCGAGGCGAAGATCCCGCTCGGCCGGTACAGCACGCCCGACGAGGTCGCCTCGCTGGTCGAGTA
25156 CCTCACGACCGAAGGAGCCGCCTCGATCACGGCTCAGGCGTTCAACGTGTGCGGCGGCCTCGGCA
LA gilK ->

25221 ACTTCTAGGAGATGATTCACATGGCCGATCCGGCTCGCACAGACCTGCACTCCGCCACGATCACC

25286 GGCAGCGCCGACGCGGTGTACCGCCGTCTGGAGGACGTCGGGCAGTGGTCCCAGATGTTCGAACC
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Smal
25351 GACCATCCACGGCGCGGAACTGGCCCGGGACGGGAACAGGCAGACGATCCAGCTGTGGGCCACCG
Sacl
25416 CCAACGGAGAACCCAAGGCCTGGGTCTCCGAGCGTGAGCTCGACCCCGTCGCGCGCACCATCCGC

25481 TTCGCGCAGACCGTCACCTCCTCGCCCGTCGCCGAGATGTCCGGCGCGTGGCAGGTGCTGCCCCT

25546 GTCCGAGGACACCTGCCGGGTCGAACTCACGCACACCTACCGTGCGGAGAACGACTCGGCGGAGT
Sacl
25611 CGCTCACATGGATCGCCCGAGCCGTGGAGACCAACAGCACGAAGGAGCTCTCGGCGCTCAAGTTC

25676 GCCTGCGAACGGGACGCCGACAGCGAGGCCAGTCCCTTCACCTTCACCGATGCGGTGGACACCAC
Sall
25741 GGTCGACCCCGTCCTGCTGTTICTCGTTCCTGGACCGCGGTGAGCTGTGGGCGGGACGCCTGGAGC
PstI
25806 ACGTCGCCGAGGCCGAGATGAGGGAGTTCTCCGACGGCUTGCAGTTCCTCCGGATGCGGACGCGC

25871 ACCCCGGACGGTGACACGCACGTCACCGAGTCCTACCGGGTGTCGCAGAGCCCGGCCCGGCTGCT
25936 GTACAAGCAGGTGACGCTGCCCGCGCTGCTGTCGCTGCACACCGGCGAGTGGACCATCACCCCGG
26001 CCGGGGAGAGCTGGCGGGTCACGTCGAAGCACACCGTGGCGATCGATCCCGACGCGGTGCACAAG

26066 GTCCTCGGTGCCGACGCGACGGTCTCGGACGCCAAGCGGCTCGCCCGGCGCAACCTGGGCAACRA
* k%
26131 CAGCCTGCGGACCCTCGAAGCAGCGGTCCGGTGGGCCGGCACCGCCGTGTCGCAGAGGTGAGTGG
gilOIV ->
26196 GGACATGACGGAGCCCGAGACCTCGGACGTTCTCGTCGTCGGCGCCGGGCCCAGCGGACTGCTCC
BamHI
26261 TGGCCGGGATCCTCGCCGGGGCGGGTGCGCGGGTCACGGTGCTGGAGGCGCGGGACGCGCCCAGC

26326 CCGCAGACCCGCGCCTCCACCTTGCACGCCCGTGCCAGGGAGATCCTCGACCACCACGGAGTGGA

Smal

26391 GTTCTCCCCGGAGCTGCCCTGGAGTGCCCACGGACACTACGGCGGCCTGCGCGTGGACCTCTCCC
SmalSall

26456 GGGTCGACTCCGGGCGGGCCGGTGTCTGGAAGTGCCCCCAGCCGGAACTGGTACGGACGCTGACC

26521 GGCTGGGCCCGCGGGCACGGCGCGCGGCTGCTCCACGGGGAGCACGTGGAGTCCGTCCGCGAGCA
Smal
26586 GGGCGGGCGCTGTCTGGTGCGTACCCGGGCCGGCACCACGTTCAGCGGGACCCTGCTGGTCGCGG

26651 CGGACGGCCGGCGGAGCACGGTGCGGTCGCTGCTGGGCATCGGGTGCGGGGGTGCGCCGGCCACG
26716 CGCGTACTGGTGCAGGCCGATGTCCACGGCGACGGGCTGGCGGGGCGGCGCTTCGAGCGACACGG

Smal Smal
26781 GCGGTACACCGTGACCGCCGCACCGATCAGCCCCGGGATCACCCGGGTGATGCTGCACGATCCGC

26846 GCTGGCCCGCGGGCGAGGAACGCACGLTGGAGGACCTCCGTAGAGCCTGGAAGGAGTCCACCGGC

26911 GAGACCCTGCCGGCCGAGCCGTCGTGGTCACGGACCTTCAGCGACGACACGACAGTGGCACACCC

26976 GCTGGTCAAGGGCCGTGTCGTGCTGTGCGGCGACGCCGCCCACCCCTTCGTCCCCATCGGCGGCC

27041 AGGCGCTGAACACGTCGTTGATGGACGCCGAGGCGCTGGGCTGGCGGGTCCTGGGGTATCTGGAC

27106 GACGGGGACCGGCAAGGCCTCCTCGACTACCAGGACGAGCGGTTCTCGTGGCTGACCGTTCTCGC
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27171 GGGGAGACTGCGCGCCCAGGCACGTCTGCTGTTCGACACCGACGCGGCGGCCACGGAACGCAAGG
27236 CGCTGGTCGCCGCGAGACTGGCCGGGGACGCGGACTACCGGCGCAGGATCGCCGACGCCCTGGLC
Sall
27301 GGTGTCGACGTGTGCTACCTGACGCCCGGCGGCGCGGTCCGCCGGCGTCTGTCCCCGGCCCGGCT
27366 CCGGGAGACCGGAGTGAACCCCGGCGCCCGCCGCGTGCAGCGGGCGCTCGTCCCCGACGACGGAA
BamHI Kpnl

27431 CGCGCACGGACGCCTGGATCCGTCCCGATCACCACTGGTACCCGGTGGCCCGCGACGGGGLCCGG
gilP ->
T

27496 CAGGACTGGGACGACGCGGTGCGCCTCCACGACGACTTGGAACCCGAGGTGACGCGGTGAGAGCG

27561 TTCCTGTTCCCCGGTCAGGGGACCCAGAAGATCGGCATGGGCACCTACCTGCGAGAACGgggéCC
27626 CCACCTGATCGCGCCGTTGTGGCGGGAGGCGGACGACGTCCTGGGTTTCCCCCTCACCCGCCTCT
27691 GCGAGGAAGGCCCCGGCGAGAAGCTCCGCCACATGCCGGTCACCCAGCCCGCCGTCTTCCTGTGC
27756 AGTTACGCCGCGCTCGTCGCCGCGCAGGCGAACGGCGCGGAGCCGGACGTCATCGCGGGCCACAG
27821 TCTGGGCGAGTACTCGGCGCTGGCGGCGGCCGGCGTCCTCACCTGGCAGGAGGTCCTTCAGCTCG
27886 TCCACCGCCGCGGTCAGCTCATGGCGGAGGTGCAGCACAAGGTGGACGGGAAGATGGCGGCCGTC
27951 ATCGGTCTCGCCATCGGGCAGGTCGAGGAGATCTGCGAGCAGGTGCGGTCCGAGACCGGTGAGGT
28016 GGTCGAGGTGGCCAACCACAACGAGCCCCTCCAGGTCGTCGTCTCCGGCCAGTGCGCTGCCATAG
28081 ACCTCCTGGTCCAGCGCGTCGCGACGGCGACCGACGTCCGCACGTCCGTCCTGAGGATCGGTGGC
28146 CCGGCCCACTCCAGTCTCATGGGCAGCGTCGCGGGGGACTTCGTGGAGTACCTCCGGCGCTTCGA
28211 CTTCTGCACGCCCAAGACGATGCTGATCTCCGGGigéiCCGCCGAGCCCTACGCGAGTGCGGAGG
28276 AGATCAGGCACCAGCTCGGCAGGCAGCTGGTGCACCGGETGCGGTGGGTGGACGTGATGGCGCAG
28341 C?gg;GAGGCTGGGGGTCGCACAGACCTGGGAGCTGGGGCCGGGCAAGGTCCTCTCGGGATTCGT
28406 ACAGCGGTCGCTGCCTCAGGTGCGGACGTACCGCGCGAATGATCTGCCGTCCTTCCTGGCCGGCG
* Rk gilQg ->
28471 TGACGGGCTGGTGAGCCGGTGAAGCACGCAGTGCCGCATCAGGCAACCGGCGCCGCTCCCGACGG
28536 AGGGGGGTCCGCGCCCCGGTCCCTCGTGCTGATGCTCCCCGGCCAGGGGTCGCAGTTCGCTGCCA
28601 TGGGAGTCCCGCTCTACGAGTCCGACGCCCGGTTCAGGAAGGCGCTCGACGACTTCTTCGACGCG
28666 TTCGGCACCGGTGCCGAGCGGCTCCGGCGCGAGTGGCTGCACGGTTCGGCCCAGGGCATCGAACG

28731 TGGGTCCTTCGCGCAGCCGATGCTGTTCGGCCTCGACTACGCGGCGGGCGCGGTGTGGCTGGAGG

Sacl SalTl
28796 AGCTCAAGGGTGTCGACGTGACGCTGGTCGGTCACAGCGTGGGCGAGCTGGCGGCGGCCACCCTC
Xhol
28861 GCGGGGGCCTTCGACCTCGAGCTGGCGGGGGCACTCCTGGCCGAGCGGGCCCGGCTCCTCGACGL
Smal

28926 CGCCCCCCGGGGAGGGATGATCGCGTGCCGCGCGACGGAGGAGTCGCTGCGGGAGCATCTCGACG
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28991 CCCTGGGCGGACGCGCCGTCATCGCGGCGGAGAACGCGGACAACCAGTGCGTCGTGAGCTGTGCC
29056 GAGGAAGACCTCCCGGACACGATGCGgggéCTCGGCTCGCACGGTGTGACGTGCCTGCGCGTCGC
29121 CTCGACCGAACCGTTCCACTCCCCCCTCCTCGCCCCCGCCGCCGCCCGGTTCGAGGAGTTCCTGG
29186 CCCGGCGCGGTCATCGTCTGTCCACGACGGAACTGCCCATGGTCTCGGCCTACTCGGCGCGGAGG
29251 ATCAGCGGCCGGGAGATCATGCCCGCCTCGTTCTGGACGCGTCAGATGGCTGAGAAGGTGCGTTT
29316 CTGGGAGGCGCTCCGCCACAACTTCGACTCCGGTCCCCGCACGTTCGTGGAAATCGGCCCAGGGA
29381 CCGTCCTCTCCCTGGCCGCACGTCGGCTGCCGTCCGTACGGGCCCGGCGTTCCACGGTGATCTCC
29446 ACGATGCCGCGTCATCGGCCCCACCCGGAGCACTGGGAATCGGCCATACATGAGGTCGCCGAGGA

ECORI  *** Smal
29511 ATTCTGTTGACCATTGCACTACGTGCAACGCGCAAGGCCGGCCATGGGTGTCCCCCGAGTTCCCG
29576 QEAGGCACCCATGGCCTTGTCGGTGAAATGTTCAACCAAATGAACCACCTC?ggiGGGCGCCCCG
29641 GATCAAAGATGTTCACCGATTTGCATAGTCGARAAAAATACGGACAGCAACGGAAGCGGAGTGTTA
29706 TCCTGCAATCTGCACGCAACGGGGGAAACGGGGGAGGATTCCAAGTGCAGGACCCGGTGGACCGG
29771 ACCTCGGGGAACTCCAGAGGCGCAAGCACCGTCGGACCCGAGCAGTCCCGCARAGACGLCGGGGCA
29836 CTCCTGTCGCCGAAGAGGGCCCGé?géCGTCACGCAGCAGTTTTCGCCGACCCTCCACCATTTCT
29901 TCACCGTCACGAGATCTCTTCGGGCCGACGGGGACCACACGGGCAGAGACTGAAGGACCGGCGLT
29966 CGACCTCGCCGGCTCCCGCCCCTCCACCCCTTCCCCGCGTTGCCCCTGACCGCATGGGCGGCATC
30031 TCGGTGCCGCGTTTCTTCCGCGCCTGGCGCGAGGGGAGATCTCCCATCAAGGGGGGCCTTTCAAG
30096 GCCCTCTCGCC?2S;GGGCACCGCACGCCGAAGACCGATCACAAAAGTATCCGAACGGCTCCGAC
30161 CGAGGTCATATCTGAGACTGATCGAATATCCAACGGGGAGATGTGi:ézG;;TCATCCGGTTTGA
30226 CGTTCTGGGCCCGCTCAGGGTCCGGTGCGACGACACCCTGCTTCAATTGACCGGGCGCAAGTACC
30291 GCACCGTGGTTTCGTATCTCGCTCTTCAACCCGAGTATTCGGTGGCGATAGAGGACCTCGTCCGA
30356 GCCGCTTGGAGCGACAAGCGCCCGTCCAGCGCGCACCACCAGGTCCGTAAGATGGTCTCCGCACT
30421 CCGGACCAGCCTGGACCAGGACTGGGACCTGGTGGCGACGTCCCAGGACGGCTACATGCTGAAGT
30486 TGCCGCCCAAGCAGTCCGACGTATCnggi;CTGCCGCCTCTTCGACCAGGTGATGTCGGGTCCC
30551 CTGACGAGCGACGACGACCTGTCGGCCGCGTATTCGGCGCTGGCGCTCTGGCGCGGACGCCCTTG
30616 CGAAGGGTCCGAGCCCCATGGGCAGGAGCGCCGGATCTCTCAATTGGTGGAACAGCACCGCGTCC
30681 TCTTGAACAAGACCGTTCAGGGATTCGGCGACAGGGGCAGGTCCGATGAACTCGCCTCGATACTG

30746 CACGTCGCATCGAAGATTCACGGACAGCCGGTCACCGCTCGCTCCGEGTGTCGCCGTTCCCGLCGLC
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Salrl
30811 CGCTGTTTCGTACGCGGGCACGACACAAGTCCCCGAACCTTCGGGGTCGACCACCCCTCCCCCAC
PstI NotI
30876 GCCCCGGCTCCCCCGTCGGTCCGCGCTGCCTGCCACGGGATCTGCAGGACTTCGGCGGCCGCGAA

Pstl
30941 CGCGAARATCARATGAGCTGCAGRAAACTGTTGACCGCGGAAGGACCCCACCCACAGTTGGTGGCGAC

31006 CGTTCACGGAATGAGCGGCGTGGGTAARACCGCCGTCGCCGTCCGCCTGGCGCACAGACTAGCCC
31071 ATCACTATCCGGACGGCCAGCTCTTTGTATCCCTGGACGGCTTTTCTTCGGCCTCCACCGCCACT
31136 GTGTCGAATGCGCTGGGAATACTCCTCAGACAGAAAGGCCTGGCGGACGAGGACATTTCACCTTC
31201 GGAAGACGGCCGCCTCGCACAATGGCGGACCATCACCGCCGGACAGAAGCTGCTCGTCGTGCTCG
31266 ACGACGTGTGCGACATCGAGCAAGTAGAACCCCTCATCCCGCCC?ggiGCGAAAGCGCCTGCATC
31331 ATCACGTCGCGCATCATCCTCAATGGCATCGACGGCGCTCATCACATCTCACTCGAAGTACCGGA
31396 CGAGGACGAATGTCTGGAGATACTCAGTTGCATGATCGGCAGACGCTTCGACGACGAGGAGACGA
31461 AGGACGCCCGCGCGCTGATCCAGCAGTGCGCCAATCTGCCGCTGGCACTCCGTCTCGCCGCCGLC
EcoRV

31526 CGGATATCGACGCGCGACTTCCTGAACCTCCGGGAACTCAGTGAGCAACTGTCGTCCTCGGCTTC

31591 CATCTTCAGTGAACTGGAAGTTCCCGGCCGTAGTCTGGTCGGCCGGCTCATGACGTCCTTCACGT

KpnI
31656 GCCTGGAGGACTTCGATCACGACCGGTACCTCCGATTATCGCTGCTCCCCTGCCCCGAGATCGAT
PstI
31721 GAAACGTCGGTCGCGGCCGTGCTGGGCGTATCCACCGACTGGGCACGGCGTGCCTGCAGGCGCTT

PstI
31786 CGCAGACCGCGCGTTGCTGCAACGCACACGATGCGGTACGTACCGGATGCACCCGCTGCTGCTGC

31851 AGGCGGCACAGCTGGAAGCGCAGAAGACCATCCCGTTCGAGGAGCAACGCCGGCTCGTCCGCGCC
Smal
31916 GCTTTCCTCCATTACAAGGCGTCGAACGGCCTCGTGGGAGCCAGCCGCATCAGCCCTTCCCGGGT

31981 TCCTGACGGACACGTGGTACTGAGGACCCTCACGCAGTCCGCGAAGCTGGCCGCGCGGCTCGGLC
32046 TCCAGGAGGAGTTGGCCGATCTGTACACCGCCTGGAAGGAACTGCTCCCCCTCGTGCTGGACCGC

32111 CGGCAGCAGGAGGCGGTCGGGCGACGCGTACTCGCCGTTTCACAGCACCTGGACCGGCCCGCGTG
*

32176 CGAGGGAGCACCCCACCGGAGGCGTCCGCGGCAGGCACGGGACATGCTGCCCGAGGGGCAGCGGT
*k

32241 GAACGAGGGCCGGCCGGAGGAAGGCAGTCGGACGATGACGACCGTTTGTCCGTACATCGGGAGAC
Smal
32306 CGGGGTGCCACGTGAARACATGTGACCCGGTCACCGGATGTCCGATCGCAGCCGCACCCGGGGGCG
gilu ->
32371 AACTGACCATGGACCGCGTTCTTCCGTATGCAGCCGGCAGTGAGGCACTCCTGTCGTCGAGAGAG

32436 CACGGCCCCACGGTGAGCGAGAGAACCGTCTCGGCGCAGGAGATCGTCGTGGGCGGCGGGGGTCT
32501 GCTGGGGAGACACATCCTCGGCGTGCTGGGCAATCGGCTCAGCCGGCGGGTACGCATCCCGTGGG

32566 ACGACCACGGCCGCGCCTGTGAGCAGCTCTACGCGCTGGGCAGGGACCTGGCTCAGCAGCCGGCLG
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32631 CGCTGGRACCTGTACTGGTGCGCGGGACTGGCCGTCTTCCACACCCCCGCCGAGCAGGTGGAGCG
32696 AGAACGCCTCCAGGTCAGCCTCCTCCTGGCGGGCATCAACGACGGGCTCGAACGCTCGGGGGGCC
32761 CCACCGGCGGCGCGTTGTTCCTGGCCTCCTCAGCCGGCGGCGCGTTCGCGGGCTCGGAACACCCG
32826 CCGTTCACCGAGTTCTCCCCGCCCGTGCCCACGAACCCGTACGGCGCGTCCAAACTCGCCGTCGA
32891 GGAGGAGGCCGAGGTTCTGGCGCGCCGTTGGCGACTGCCCACGGTGTCGGGTCGGATCACGAACC
32956 TGTACGGCCCCGGCCAGAACCTCGACAAGAACCAGGGCCTGGTCAGTGCCCTCGTCARAGCGCAG
33021 CTGACCGGTGAACCCCTGCGGCTGCGGGCCGCCCTGGAGACCACGCGCGACTACATCTACGCACG
33086 GGACTGCGCCCGGATGGTCGTCTCGGCGATGGAGACCGTACGGTCCCGCACCCGCGGCACGGACT

33151 CCCATGTCCGCAAGATATTCAGCAGCGGACGCCGTCTGCGGATCGACGAACTGCTCCGGATCGCT

KpnI
33216 GAGCGCCTCTTCGACCGGCCGGTACCCGTCGTCCACGAGCCGGTGGCGGGAGGGGCGAACGTCAA
Smal
33281 CCTCTCGGTCGAGTCCCGGGTATGGGCGGACCTCGAATCGTCCCCCTTCCTCAGCATCGAGGAAG

KpnI *kx
33346 GGATGCGCGCCGTCCGCTCCGACCTCAGGTACCGACTCGGGCACGGGTGAGCGACACGAACGACA

33411 AAAGACCCAGGCCGCACATCAGCGCGGCCTGGGTCCGATGAGCCGCCTTCGGGATTCGAACCCGA
33476 GACCTACGCATTACGAGTGCGTTGCTCTGGCCATCTGAGCTAAGGCGGCGTGCTGGGTGCACCCA

33541 TGGTGCGATCAGCGACGTCGGTAAGTCTACACAGTTTCGAGGGGTGGTTCGTACCGGCCCCGGAG
* %k

33606 CGGGCCGGGGCTGCCTCCGGETGGGECGGGGCGGCTACGAGCAGCGTGTGCCGTCGGCGGGLGGGET
Sall

33671 GCCGTCGAGGAGGTAGGTGTTGATGGCGGAGTCGACGCAGGCGCTGCCGCGGCCGTACGGGGTGT

33736 GGCCGTCGCCGTCGTAGGTGAGGAGGCGGGCCGTGGCGAGCTGGCCGGCCAGACCCTCGGCCCAG
<- proteinase Smal
33801 CGGTACGGGGTGGCCGGGTCCCGGG
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GILVOCARCIN GENE CLUSTER,
RECOMBINANT PRODUCTION AND USE
THEREOF

This application claims the benefit of U.S. Provisional
Application No. 60/477,957, filed on Jun. 13, 2003, which is
incorporated herein by reference.

FIELD OF INVENTION

The present invention relates generally to polyketides and
polyketide biosynthesis. In particular, the invention pertains
to the nucleic acids encoding gilvocarcin polyketide synthase
and the tailoring enzymes of the gilvocarcin biosynthesis, and
to recombinant vectors and host cells containing such genes,
and to the recombinant production of gilvocarcins and uses
thereof.

BACKGROUND OF INVENTION

Polyketides represent a large family of diverse compounds
synthesized from 2-carbon units through a series of conden-
sations and subsequent modifications. Avermectin, candici-
din, epothilone, erythromycin, FK-506, FK-520, narbomy-
cin, oleandomycin, picromycin, rapamycin, spincoyn,
tetracycline, and tylosin are examples of such compounds.
Polyketides occur in many types of organisms, including
fungi and mycelial bacteria, in particular, the actinomycetes.
Polyketides can be divided into macrocyclic/polyether-type
compounds, biosynthetically encoded by type-1 polyketide
synthases (PKSs), and into multicyclic, aromatic compounds,
whose core structures are encoded by type-2 PKSs. Type-1
PKSs are “complex” or “modular” PKSs which include
assemblies of several large multifunctional proteins carrying,
between them, a set of separate active sites for each step of
carbon chain assembly and modification. As such, structural
diversity occurs in this class from variations in the number
and type of active sites in the PKSs. This class of PKSs
displays a one-to-one correlation between the number and
clustering of active sites in the primary sequence of the PKS
and the structure of the polyketide backbone. The second
class of PKSs, called Type-2 PKSs, is represented by the
synthases for aromatic compounds. Type-2 PKSs have a
single set of iteratively used active sites.

Angucycline group antibiotics, which are arranged by a
type-2 PKS are structurally characterized by their angular,
polyketide-derived benz[a]anthracene-derived backbone
(angucyclinone), which is often further decorated with sugar
moieties (angucyclines). Angucyclines/angucyclinones form
the largest and structurally most diverse sub-group of the
multicyclic, aromatic polyketides. Knobler, R. M., Radlwim-
mer, F. B. and Lane, M. J. Nucleic Acid Res. 20:4553-4557
(1992); Matsumoto, A. and Hanawalt, P. C. Cancer Res.
60:3921-3926 (2000). Yamashita, N., Shin-Ya, K., Furihata,
K., Hayakawa, Y. and Seto, H. J. Antibiot. 51: 1105-1108
(1998); Nakashima, T. et al. U.S. Pat. No. 6,030,951. A very
interesting set of natural products with respect to their bio-
syntheses as well as their biological activities derive from this
angucycline/angucyclinone group. However, they are not
easily recognizable as such, since their polyketide-derived
skeleton is rearranged in a series of steps, initiated by oxida-
tive biosynthetic processes. The gilvocarcin-type anticancer
antibiotics (Morimoto, M., Okubo, S., Tomita, F. and
Marumo, H. J. Antibiot. 34:701-707 (1981); Breiding-Mack,
S.and Zeeck, A. J. Antibiot. 40:953-960 (1987); Yamashita, Y.
and Nakano, H. Nucleic Acids Res. Symp. Ser. 20:65-67
(1988); Elespuru, R. K. and Gonda, S. K. Science. 223:69-71

20

25

30

35

40

45

50

55

60

65

2

(1984)) and the jadomycins (Oyola, R., Arce, R., Alegria, A.
E. and Garcia, C. Photophysical properties of gilvocarcins v
and m and their binding constant to calf thymus DNA. Pho-
tochem. Photobiol. 65:802-810 (1997)) are examples of such
‘rearranged angucyclines’. Both of them, and the kinamycins
(Takahashi, K. and Tomita, F. J Antibiot. 36:1531-1535
(1983)), have in common biosynthetic rearrangement cas-
cades that begin with an oxidative cleavage of the 5,6-bond of
an angucyclinone intermediate (FIG. 1).

Given the difficulty in producing polyketide compounds by
traditional chemical methodology, and the typically low
expression of polyketides in wild-type cells that produce
them naturally, there has been considerable interest in finding
improved or alternate means to produce polyketide com-
pounds. This interest has resulted in the cloning, analysis, and
manipulation by recombinant DNA technology of genes that
encode PKS enzymes.

Gilvocarcin-Type Natural Aryl-C-Glycoside Antibiotics

The benzo[d]naphtho[1,2-b]pyran-6-one C-glycoside
antibiotics, often referred to as gilvocarcin-type aryl-C-gly-
cosides, were discovered in Japan in the early 1980s. Studies
have shown that these molecules are decaketides, and that
they originate either from one acetate starter and nine mal-
onate extender units or from one propionate starter and nine
malonate extender units, depending on the 8-side chain. The
incorporation pattern suggests the key intermediate to be an
angucyclinone, such as 2 in FIG. 2., which then rearranges to
form the coumarin frame. Krohn, K. and Rohr, J. Angucy-
clines: Total Syntheses, New Structures, and Biosynthetic
Studies of an Emerging New Class of Antibiotics. Topics Curr.
Chem. 188, 127-195 (1997); Takahashi, K. & Tomita, F. Gil-
vocarcins, New Antitumor Antibiotics. 4. Mode of action”
J.Antibiot.35: 1038-1041 (1982); Carter, G. T., Fantini, A. A.,
James, J. C., Borders, D. B. & White, R. I. Biosynthesis of
Ravidomycin. Use of 13C-13C Double Quantum NMR to
Follow Precursor Incorporation. Tetrahedron Lett. 25, 255-
258 (1984); Carter, G. T., Fantini, A. A., James, J. C., Borders,
D. B. & White, R. J. Biosynthesis of Chrysomycins A and B.
Origin of the Chromophore. J. Antibiot. 38, 242-248 (1985).
Gilvocarcins are biosynthesized by a type-II polyketide syn-
thase (PKS) and the necessary post-PKS tailoring enzymes.
Among these, the key enzyme responsible for the tremendous
structural change from the suppossed angucyclinone interme-
diate (e.g., 2 in FIG. 2.) to the unique tetracyclic lactone
structure of the gilvocarcins is proposed to be a C—C-bond
cleaving oxygenase. Other key post-PKS tailoring steps with
respect to important structural features of gilvocarcin V are
the oxygenation/dehydration reactions necessary for the for-
mation of the vinyl side chain, and the C-glycosyltransfer
step, through which the 6-deoxy-D-fuco-hexofuranose moi-
ety is attached.

This distinct family of antitumor antibiotics shows excel-
lent antitumor activity and remarkably low toxicity, and
therefore has remained to be attractive for synthetic organic
chemistry as well as for biological activity studies since their
discovery. The group consists of the gilvocarcins (syn. toro-
mycins, anandimycins), ravidomycins, the ravidomycin ana-
logues FE35A and B, the chrysomycins (syn. virenomycin,
albacarcins; including recent derivatives possessing branched
ketofuranose and ketopyranose sugar moieties), and
BE-12406 A and B (FIG. 3.). Hirayama, N., Takahashi, K.;
Shirahata, K., Ohashi, Y., Sasada, Y. Bull. Chem. Soc. Jap.
54:1338-1342 (1981); Krohn, K. et al. J. Topics Curr. Chem.
188:127-195 (1997); Hosoya, T., Takashiro, E., Matsumoto,
T., Suzuki, K. J. Am. Chem. Soc. 116:1004-1015 (1994);,
Knobler, R. M. et al. Nucleic Acid Res. 20:4553-4557 (1992);
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Matsumoto, A. et al. Cancer Res. 60:3921-3926 (2000);
Yamashita, N. et al. Antibior. 51:1105-1108 (1998);
Nakashima, T. etal. U.S. Pat. No. 6,030,951; Morimoto, M. et
al. Antibiot. 34:701-707 (1981).

Gilvocarcin V (GV) (FIG. 4.), the principal product of
Streptomyces griseoflavus G6 3592 and of various other
Streptomyces strains, is the most important member of the
gilvocarcin-type aryl-C-glycosides, because of its potent bac-
tericidal, virucidal, cytotoxic and antitumor activities. GV is
one of the strongest antitumor compounds among these
drugs, requiring only low concentrations and maintaining a
low in vivo toxicity. The exact molecular mechanisms respon-
sible for the in vivo mode of action of GV are still widely
unknown. However, it was found that GV exhibits a strong
tendency to intercalate with DNA. Both equilibrium DNA
binding and UV light-induced DNA adduct formation was
found, causing also topoisomerase II inhibition. Knobler, R.
M. et al. Nucleic Acid Res. 20:4553-4557 (1992). The vinyl
group is essential for the antitumor activity, since the minor
congeners gilvocarcins M and E, in which the vinyl group is
replaced by a methyl group and an ethyl group, respectively,
are significantly less effective. Yamashita, Y. et al. Nucleic
Acids Res. Symp. Ser. 20: 65-67 (1988); Elespuru, R. K. et al.
Science. 223:69-71 (1984); Oyola, R. et al. Photochem. Pho-
tobiol. 65:802-810 (1997). Photobiological studies showed
that the vinyl group undergoes a [2+2] cycloaddition with
DNA thymine residues under photoirradiation. Moreover, it
was shown recently that Givocarcin V promotes protein-DNA
cross-linking when photo-activated by near-UV light, and
histone H3, which plays an important role in DNA replication
and transcription, was identified as one of the selectively
cross-linked proteins (FIG. 5.). This cross-linking with his-
tone H3, believed to be part of the unique molecular mecha-
nisms of the potent antitumor activity of gilvocarcin V, might
contribute to the better and more specific activity of GV
compared to other intercalating antitumor drugs. Matsumoto,
A. et al. Cancer Res., 60:3921-3926 (2000).3”

The molecular architecture of gilvocarcin V in conjunction
with its biological activity makes GV an excellent target for
the study of its biosynthesis and the development of novel,
improved anticancer, immunosuppressant, antibiotic, antivi-
ral and neuroprotective drugs through combinatorial biosyn-
thesis.

SUMMARY OF INVENTION

In one aspect, the present invention provides isolated
nucleic acid compounds comprising a sequence identical or
complementary to all or part of a coding sequence for the
gilvocarcin V biosynthetic gene cluster from Strepromyces
griseoflavus (SEQ ID NO:1). Preferably, a part of said coding
sequence is one or moreopen reading frame (ORF) selected
from the group consisting of ORF1, ORF2, ORF3, ORF4,
ORFS5, ORF6, ORF7, ORF8, ORF9, ORF10, ORFI11,
ORF12, ORF13, ORF14, ORF15, ORF16, ORF17, ORF18,
ORF19, ORF20, ORF21, ORF22, ORF23, ORF24, ORF25
and ORF26.

In one embodiment, the present invention provides an iso-
lated nucleic acid strand that encodes a gilvocarcin gene
cluster or subunit thereof comprising a nucleotide sequence
identical or complementary to, or an amino acid sequence
encoded by a nucleotide sequence identical or complemen-
tary to, all or part of a coding sequence for gilvocarcin V
biosynthetic gene cluster from Streptomyces griseoflavus
(SEQ ID NO:1). Preferably, the gene cluster encodes a func-
tional PKS or a functional arrangement of the PKS and
selected post-PKS tailoring enzymes. The gene cluster may
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be derived from a single species or may be hybrid in nature. In
certain embodiments, the gene cluster is a replacement gene
cluster. The replacement gene cluster may be a hybrid,
mutant, analog or derivative thereof.

In another embodiment, the invention provides an isolated
nucleic acid that encodes three or more open reading frames
(ORFs) comprising a sequence identical or complementary to
all or part of a coding sequence for enzymes performing the
biosynthesis of gilvocarcin V from Streptomyces griseoflavus
(SEQ ID NO:1). Preferably, the ORFs encode a functional
PKS or a functional arrangement of the PKS and selected
post-PKS tailoring enzymes. In certain embodiments, an
ORF may be derived from a single species or may be hybrid
in nature. In certain embodiments at least one of the ORFs is
derived from the gilvocarcin V gene cluster. In other embodi-
ments, at least one ORF is derived from a non-gilvocarcin V
producing Streptomyces strain, or is hybrid in nature. In yet
other embodiments, at least one ORF is a mutant, analog or
derivative of the native coding sequence.

In still another embodiment, the present invention provides
isolated nucleic acid compounds comprising three or more
genes of the coding sequence for the biosynthesis of gilvo-
carcin from Streptomyces griseoflavus. Preferably, the mix-
ture of genes encode a functional PKS or a functional arrange-
ment of the PKS and selected post-PKS tailoring enzymes. In
certain embodiments, a gene may be derived from a single
species or may be hybrid in nature. In certain embodiments at
least one gene is derived from the gilvocarcin V biosynthetic
gene cluster. In other embodiments, at least one gene is
derived from a non-gilvocarcin V producing Strepromyces
strain, or is hybrid in nature. Non-limiting exemplary non-
gilvocarcin V biosynthetic genes are preferably subunits of
the gilvocarcin M, gilvocarcin E, defucosyl-gilvocarcin V,
ravidomycin, deacetyl-ravidomycin, FE35A, FE35B, chry-
somycin A, chrysomycin B, BE-12406 A, or BE-12406 B
gene cluster. In yet other embodiments, at least one gene may
be a mutant, analog or derivative of the native coding
sequence. It is also preferred that the encoded activity of the
gene is, for example and without limitation, a ketosynthase
activity, a chain lengthening activity, an acyltransferase activ-
ity, an acyl carrier protein activity, an oXygenase activity, a
reductase activity, an oxidoreductase activity, a cyclase activ-
ity, a glycosyltransferase activity, a methyltransferase activ-
ity, an activity encoded by any gene belonging to the biosyn-
thesis or modification of a sugar moiety, a regulatory activity,
a repressor activity, or a transporter activity.

In another aspect, the present invention provides recombi-
nant expression vectors encoding a gilvocarcin gene cluster,
hybrids, mutants, analogs or derivatives thereof. In certain
embodiments, vectors encode one or more subunit of gilvo-
carcin gene cluster, hybrids, mutants, analogs or derivatives
thereof.

In another aspect, the present invention provides a host cell
transformed with a recombinant expression vector described
herein.

In still another aspect, the invention provides a method of
preparing gilvocarcin V, said method comprising transform-
ing a host cell with a recombinant DNA vector that encodes a
gilvocarcin V gene cluster or subunit thereof, and culturing
said host cell under conditions such that gilvocarcin is pro-
duced and/or gilvocarcin analogs are produced. In one
embodiment, the method is practiced with an £. coli host cell.
In certain other embodiments, the method is practiced with a
Streptomyces host cell. The gene cluster may be a replace-
ment gene cluster and preferably a functional gene cluster. In
certain embodiments, the invention provides methods for pre-
paring new polketide-type compounds, preferably, gilvocar-
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cin V-type polyketides. The gilvocarcin V-type polyketide
produced may be gilvocarcin V or gilvocarcin hybrids,
mutants, analogs or derivatives thereof. Such polyketides are
useful as antibiotics, antitumor agents, and immunosuppres-
sants, and for a wide variety of other pharmacological pur-
poses.

These and other embodiments and aspects of the invention
will be more fully understood after consideration of the
attached Drawings and their brief description below, together
with the detailed description, example, and claims that fol-
low.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1. schematically illustrates formation of jadomycins,
gilvocarcins and kinamycins.

FIG. 2. schematically illustrates intermediates in biosyn-
thesis of gilvocarcin.

FIG. 3. provides the structure of gilvocarcin-type antican-
cer drugs.

FIG. 4. provides the structure of gilvocarcin V.

FIG. 5. illustrates the hypothesized mechanism of action of
gilvocarcin V.

FIG. 6. A shows the gilvocarcin gene cluster.

FIG. 6. B shows a simplified gilvocarcin gene cluster, in
which the polyketide synthase and associated genes are
depicted in black, the genes encoding the tailoring enzymes
are in pink (i.e. gray, if printed in black/white), and the regu-
latory, resistance and so far unknown genes are shown in
white. Shown are two alternative pathways towards gilvocar-
cin'V.

FIG. 7. illustrates proposed biosynthetic pathway for gil-
vocarcin V sugar moiety.

FIG. 8. illustrates the hypothesized alternative pathways to
gilvocarcin V and possible involvement of products of the
gilvocarcin gene cluster.

FIG. 9. is the nucleotide sequence of the Gilvocarcin V
gene cluster which sets out ORF1-26 (SEQ ID NO:1).

DETAILED DESCRIPTION

Given the valuable pharmaceutical properties of gilvocar-
cin-type aryl-C-glycosides, there is a need for methods and
reagents for producing large quantities of gilvocarcin-type
aryl-C-glycosides, for producing gilvocarcin-type aryl-C-
glycosides in host cells that do not produce gilvocarcin-type
aryl-C-glycosides naturally, and for producing novel gilvo-
carcin-type aryl-C-glycosides compounds not found in
nature. The present invention provides the protein encoding
nucleic acids, methods and reagents that produce gilvo-
carcins, with particular application to methods and reagents
for producing the gilvocarcin-type aryl-C-glycosides known
as gilvocarcin V (“GV”) and its analogs and derivatives and
novel compounds related through structure or genetics to
gilvocarcin V.

The practice of the present invention will employ, unless
otherwise indicated, conventional methods of chemistry,
microbiology, molecular biology and recombinant DNA
techniques within the skill of the art. Such techniques are
explained fully in the literature. See, e.g., Sambrook, et al.
Molecular Cloning: A Laboratory Manual (Current Edition);
DNA Cloning: A Practical Approach, vol. I & II (D. Glover,
ed.); Oligonucleotide Synthesis (N. Gait, ed., Current Edi-
tion); Nucleic Acid Hybridization (B. Hames & S. Higgins,
eds., Current Edition); Transcription and Translation (B.
Hames & S. Higgins, eds., Current Edition), and Practical
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Streptomyces Genetics (T. Kieser, M. J. Bibb, M. J. Buttner,
K. F. Chater, D. A. Hopwood, Norwich, UK: The John Innes
Foundation; current edition).

All publications, patents and patent applications cited
herein, whether supra or infra, are hereby incorporated by
reference in their entirety.

As used in this specification and the appended claims, the
singular forms “a,” “an” and “the” include plural references
unless the content clearly dictates otherwise. Thus, reference
to “a polyketide” includes mixtures of polyketides, reference
to “a polyketide synthase” includes mixtures of polyketide
synthases, and the like.

Definitions

As used herein the term “coding sequence” or a sequence
which “encodes” a particular protein, is a nucleic acid
sequence which is transcribed (in the case of DNA) and
translated (in the case of mMRNA) into a polypeptide in vitro or
in vivo when placed under the control of appropriate regula-
tory sequences. The boundaries of the coding sequence are
determined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A coding
sequence can include, but is not limited to, cDNA from pro-
caryotic or eucaryotic mRNA, genomic DNA sequences from
procaryotic or eucaryotic DNA, and even synthetic DNA
sequences. A transcription termination sequence will usually
be located 3' to the coding sequence.

As used herein the term DNA “control sequences” refers
collectively to promoter sequences, ribosome binding sites,
polyadenylation  signals, transcription  termination
sequences, upstream regulatory domains, enhancers, and the
like, which collectively provide for the transcription and
translation of a coding sequence in a host cell. Not all of these
control sequences need always be present in a recombinant
vector so long as the desired gene is capable of being tran-
scribed and translated.

As used herein the term “functional PKS” refers to a set of
genes (e.g., three or more) or subunits of a biosynthesis gene
cluster, which catalyzes the synthesis of a polyketide, includ-
ing without limitation a “minimal PKS”.

As used herein the term “gene” refers to a segment of DNA
or its complement that is involved in producing a polypeptide
chain, including regions preceding (leader) and following
(trailer) the coding sequence as well as intervening sequences
(introns) between individual coding sequence (exons). A “gil-
vocarcin V gene” refers to any of the ORFs of SEQ ID NO:1.

As used herein the term “gene cluster” refers to a set of
(e.g., three or more) closely related genes that code for the
same or similar proteins and which are usually grouped
together on the same chromosome. A “gilvocarcin V gene
cluster” refers to the set of genes encoded by SEQ ID NO:1.

As used herein the term “genetically engineered host cell”
is meant a host cell where the native gene cluster or subunits
thereof has/have been deleted using recombinant DNA tech-
niques. Thus, the term would not encompass mutational
events occurring in nature. A “host cell” is a cell derived from
aprocaryotic microorganism or a eucaryotic cell line cultured
as a unicellular entity, which can be, or has been, used as a
recipient for recombinant vectors bearing the PKS gene clus-
ters of the invention. The term includes the progeny of the
original cell which has been transfected. It is understood that
the progeny of a single parental cell may not necessarily be
completely identical in morphology or in genomic or total
DNA complement to the original parent, due to accidental or
deliberate mutation. Progeny of the parental cell, which are
sufficiently similar to the parent to be characterized by the
relevant property, such as the presence of a nucleotide
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sequence encoding desired biosynthetic enzymes, are
included in the definition, and are covered by the above terms.

As used herein the term “gilvocarcin V analog” refers to a
compound or molecule that resembles gilvocarcin V and that
contains one or more structural differences relative to gilvo-
carcin V. Preferably, the gilvocarcin analog has gilvocarcin-
type activity although a gilvocarcin analog may have
enhanced or the same activity as products of the gilvocarcin V
gene cluster. For example, the degree of saturation of at least
one bond in the gilvocarcin structure can be changed (e.g., a
single bond can be changed to a double or triple bond, or the
converse), a bond can be removed, one or more carbon, oxy-
gen or hydrogen atoms can be replaced with a different atom
or a chemical moiety (e.g., a halogen, oxygen, nitrogen, sul-
fur, hydroxy, methoxy, alkyl, aryl, cycloalkyl, heterocycle,
amine, amide, ketone, aldehyde, etc.) and the like. In addi-
tion, the C-glycosidically-linked sugar moiety can be
changed, modified or replaced by other sugar moieties includ-
ing deoxysugars, amino sugars, keto sugars, halogenated sug-
ars etc., which may be connected as C-, O-, N- or S-glyco-
sides at any possible position of the gilvocarcin molecule.
Also other peripheral groups, such as OH groups, methyl
groups, O-methyl groups, halogene atoms etc. can be added,
modified or removed. Other types of derivatives of gilvocar-
cin that would be encompassed by the term “gilvocarcin
analog” are known in the art.

Asused herein the term “gilvocarcin V derivative” refers to
a polyketide compound or molecule, that may be produced
from gilvocarcin in one or more steps or with few chemical or
moiety modifications.

As used herein the term “gilvocarcin V-type polyketide”
refers to a compound or molecule that is encoded by at least
one native gilvocarcin V gene or a hybrid, mutant, analog or
derivative thereof.

As used herein the term “minimal PKS” refers to those
minimum number of PKS genes or subunits of a biosynthesis
polyketide gene cluster required for biosynthesis of a
polyketide, such as gilvocarcin. For example, in Streptomyces
griseoflavus the required genes to encode the minimal PKS
are ketosynthase I (KSI) and ketosynthase II (KSII, also
known as chain length factor CLF) and an acyl carrier protein
(ACP). Thus, these three genes, without the other components
of the native clusters, can be included in one or more recom-
binant vectors, to constitute a “minimal” replacement PKS
gene cluster.

As used herein the term “mutant” refers to a nucleic acid
compound, protein, molecule, vector or cell resulting from
mutation of the native wild type coding sequence or subunits
thereof.

As used herein the term “mutation” refers to any change
that alters a native coding sequence either by displacement,
addition, deletion, insertion, cross-linking, or other destruc-
tion or substitution of one or more nucleotides of the native
coding sequence. Techniques for modifying nucleotide
sequences, such as site-directed mutagenesis, are also known
to those skilled in the art.

As used herein the term “nucleic acid” sequence can
include, but is not limited to, procaryotic sequences, eucary-
otic mRNA, cDNA from eucaryotic mRNA, genomic DNA
sequences from eucaryotic (e.g., mammalian) DNA, and even
synthetic DNA sequences. The term also captures sequences
that include any of the known base analogs of DNA and RNA
such as, but not limited to 4-acetylcytosine, 8-hydroxy-N6-
methyladenosine, aziridinylcytosine, pseudoisocytosine,
5-(carboxyhydroxylmethyl) uracil, 5-fluorouracil, 5-bro-
mouracil, 5-carboxymethylaminomethyl-2-thiouracil, 5-car-
boxymethylaminomethyluracil, dihydrouracil, inosine,
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Né6-isopentenyladenine, 1-methyladenine, 1-methylpseudo-
uracil, 1-methylguanine, 1-methylinosine, 2,2-dimethyl-gua-
nine, 2-methyladenine, 2-methylguanine, 3-methyl-cytosine,
S5-methylcytosine, N6-methyladenine, 7-methylguanine,
5-methylaminomethyluracil,  5-methoxy-aminomethyl-2-
thiouracil, beta-D-mannosylqueosine, 5'-methoxycarbonyl-
methyluracil, 5-methoxyuracil, 2-methylthio-N6-isopente-
nyladenine, uracil-5-oxyacetic acid methylester, uracil-5-
oxyacetic acid, oxybutoxosine, pseudouracil, queosine,
2-thiocytosine, 5-methyl-2-thiouracil, 2-thiouracil, 4-thiou-
racil, 5-methyluracil, N-uracil-5-oxyacetic acid methylester,
uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocy-
tosine, and 2,6-diaminopurine. A transcription termination
sequence will usually be located 3' to the coding sequence.

As used here the term “open reading frame” or “ORF”
refers to a region of a nucleic acid molecule that contains a
series of triplet bases coding for amino acids without any
termination codons. An “open reading frame” does include
any start codons.

As used herein, the term “polyketide-type compound”
refers to a compound or molecule that is encoded by at least
one native polyketide subunit, or hybrid, mutant, analog, or
derivative thereof, including for example, without limitation,
gilvocarcin V-type polyketides.

Asused herein, the term “post-PKS enzyme” or “post-PKS
modifying enzyme” or “post-PKS tailoring enzyme” refers to
a protein or enzyme that is involved in modifications of a
polyketide after a polyketide is synthesized by polyketide
synthase. Exemplary, post-PKS enzymes involved in gilvo-
carcin synthesis include, without limitation, a C—C-bond
cleaving oxygenase involved in forming the tetraxyclic lac-
tone structure, oxygenase/dehydratase involved in forming
the vinyl side chain, and C-glycosyltransferase involved in
attaching the 6-deoxy-D-fuco-hexofuranose moiety.

As used herein, the term “post-PKS modifying step” or
“post-PKS tailoring step” refers to an action or actions taken
by a protein or enzyme to modify a polyketide after it has been
synthesized by polyketide synthase. Exemplary post-PKS
tailoring steps involved in gilvocarcin synthesis include,
without limitation, the formation of the tetracyclic lactone
structure by a C—C-bond cleaving oxygenase, oxygenation/
dehydration reactions for the formation of the vinyl side
chain, and a C-glycosyltransfer step involved in attaching a
6-deoxy-D-fuco-hexofuranose moiety.

As used herein the term “replacement gene cluster” means
any set of genes and/or genes encoding tailoring steps capable
of producing a “functional PKS” when under the direction of
one or more compatible control elements, as defined above, in
a host cell transformed therewith. The term “replacement
gene cluster” encompasses three or more genes encoding the
various proteins necessary to catalyze the production of a
polyketide. A “replacement gene cluster” need not include all
of the genes found in the corresponding cluster in nature.
Rather, the gene cluster need only encode the necessary com-
ponents to catalyze the production of an active polyketide.
Thus, if the gene cluster includes, for example, eight genes in
its native state and only three of these genes are necessary to
provide an active polyketide, only these three genes need be
present. Furthermore, a replacement gene cluster can include
genes derived from a single species, or may be hybrid in
nature with, e.g., a gene derived from a cluster for the syn-
thesis of a particular polyketide replaced with a correspond-
ing gene from a cluster for the synthesis of another
polyketide. Hybrid clusters can include genes derived from
both Type I and Type II PKSs. As explained above, Type |
PKSs include several large multifunctional proteins carrying,
between them, a set of separate active sites for each step of
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carbon chain assembly and modification. Type II PKSs, on
the other hand, have a single set of iteratively used active
sites.** The genes included in the replacement gene cluster
need not be the native genes, but can be mutants or analogs
thereof. Mutants or analogs may be prepared by the deletion,
insertion or substitution of one or more nucleotides of the
coding sequence. Techniques for modifying nucleotide
sequences, such as site-directed mutagenesis, are described in
the literature. See e.g., Sambrook, et al. Molecular Cloning: A
Laboratory Manual (Current Edition); DNA Cloning: A Prac-
tical Approach, Vol. I & 11 (D. Glover, ed.) and Nucleic Acid
Hybridization (B. Hames & S. Higgins, eds., Current Edi-
tion).

The term, “replacement gene cluster” may also contain
genes coding for modifications to the core polyketide cata-
lyzed by a PKS, including, for example, genes encoding
hydroxylases, methylases or other alkylases, oxidases, reduc-
tases, glycotransferases, lyases, ester or amide synthases, and
various hydrolases such as esterases and amidases. The genes
included in the replacement gene cluster need not be on the
same plasmid or if present on the same plasmid, can be
controlled by the same or different control sequences.

As used herein, the term “subunit” refers to a part of a
complete gene cluster including, for example, a module,
domain, gene, or open reading frame, and parts thereof. A
“subunit” may comprise for example, a gene or genes derived
from a single species or may be hybrid in nature (e.g., a gene
derived from a cluster for the synthesis of a particular
polyketide replaced with a corresponding gene from a cluster
for the synthesis of another polyketide.). A “subunit” may
comprise mutants, analogs or derivatives of the native
gene(s). Mutants, analogs or derivatives thereof may be pre-
pared by techniques known to those of skill in the art, includ-
ing, without limitation, the displacement, addition, deletion,
insertion, cross-linking, or other destruction or substitution of
one or more nucleotides of the coding sequence. Techniques
for modifying nucleotide sequences, such as site-directed
mutagenesis, are also known in to those skilled in the art.

Cloning and Identification of the Gilvocarcin Biosynthetic
Gene Cluster

Central to the present invention is the identification and
cloning of the gilvocarcin (“gil”) gene cluster (SEQ ID
NO:1). Identification of the gilvocarcin gene cluster was
achieved by generating a S. griseoflavus genomic cosmid
library using the Streptomyces-E. coli shuttle vector pOJ446.
For the generation of a genomic cosmid library, isolation and
subsequent random fragmentation of high molecular weight
genomic DNA was performed, followed by ligation of these
fragments to vector arms containing cos sequences, packag-
ing into A particles and transduction into a suitable . coli host
strain. DNA fragments of the NDP-glucose-4,6-dehydratase
(an enzyme catalyzing a key step in 6-deoxysugar biosynthe-
sis) (See Decker, H.; Gaisser, S.; Pelzer, S.; Schneider, P.;
Westrich, L.; Wohlleben, W.; Bechthold, A. FEMS Microbiol.
Lett. 141:195-201 (1996)) and also the actl PKS (See Hop-
wood, D. A. Chem. Rev. 97:2465-2497 (1997)) genes, highly
conserved among Streptomyces, were used to probe the
cosmid library. Cosmid DNA isolated from clones hybridiz-
ing with both probes was analyzed by restriction mapping and
Southern blot experiments. Hybridization using both probes
with one of the cosmids increased the likelihood that the
cosmid would contain the entire gilvocarcin cluster. One of
the cosmids, cos-G9B3, was transformed into S. lividans
TK24, where it stimulated the production of gilvocarcins V
and M in the same quantities as the wild-type strain (20-
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30mg/L of (1) in FIG. 6.B), proving that it most likely con-
tains the entire gene cluster of gilvocarcin biosynthesis.

Subcloning of cos-GIB3-DNA fragments into pUC19 or
pBluescript II SK(+) followed by sequencing revealed the
entire gilvocarcin gene cluster (FIG. 6.A). The cluster spans a
32.9 kB region and consists of 26 ORF's identified as follows.
ORF1 is gilS, encoded on the complement to SEQ ID NO:1,
and represented on SEQ ID NO:1 as nucleotides (nt) 802-
4068 read in the 3' to 5' direction. ORF?2 is gilN, encoded on
the complement to SEQ ID NO:1 and represented on SEQ ID
NO:1 as nt 4308-5198 read in the 3' to 5' direction. ORF3 is
gill,, encoded on the complement to SEQ ID NO:1 and rep-
resented on SEQ ID NO:1 as nt 5417-6052 read in the 3' to §'
direction. ORF4 is gilOIII, encoded by the complement to
SEQ ID NO:1 and represented on SEQ ID NO:1 as nt 6576-
7769 read in the 3' to 5' direction. ORFS is gilGT, encoded by
the complement to SEQ ID NO:1 and represented on SEQ ID
NO:1 as nt 7777-9261 read in the 3' to 5' direction. ORF6 is
gilM, encoded by the complement to SEQ ID NO:1 and
represented on SEQ ID NO:1 as nt 9261-10001 read in the 3'
to 5' direction. ORF7 is gilR, encoded by the complement to
SEQ ID NO:1 and represented on SEQ ID NO:1 as nt 10020-
11513 read in the 3' to 5' direction. ORFS is gilOII, encoded
by the complement to SEQ ID NO:1 and represented on SEQ
ID NO:1 as nt 11513-12196 read in the 3' to 5' direction.
ORF9 is gilMT, encoded by the complementto SEQ ID NO:1
and represented on SEQ ID NO:1 as nt 12354-13424 read in
the 3'to §' direction. ORF10 is gilJ, encoded by the comple-
ment to SEQ ID NO:1 and represented on SEQ ID NO:1 as nt
13814-15466 read in the 3' to 5' direction. ORF11 is gill, nt
15619-16641 of SEQ ID NO:1 read in the 5' to 3'direction.
SEQ ID NO:2 is the amino acid sequence of ORF11. ORF12
is gilE, encoded by the complement to SEQ ID NO:1 and
represented on SEQ ID NO:1 as nt 16690-17697 read in the 3'
to S'direction. ORF13 is gilD, encoded by the complement to
SEQ ID NO:1 and represented on SEQ ID NO:1 as nt 17697-
18761 read in the 3' to 5' direction. ORF14 is gilH, nt 18938-
19576 of SEQ ID NO:1 read in the 5' to 3" direction. SEQ ID
NO:3 is the amino acid sequence of ORF14. ORF15 is gilOI,
nt 19892-21391 of SEQ ID NO:1 read in the 5'to 3' direction.
SEQ ID NO:4 is the amino acid sequence of ORF15. ORF16
is gilG, nt 21413-21736 of SEQ ID NO:1 read in the 5' to 3'
direction. SEQ ID NO:13 is the amino acid sequence of
ORF16. ORF17 is gilA, nt 21736-22992 of SEQ ID NO:1
read in the 5' to 3' direction. SEQ ID NO:5 is the amino acid
sequence of ORF17. ORF18 is gilB, nt 22992-24164 of SEQ
ID NO:1 read in the 5' to 3' direction. SEQ ID NO:14 is the
amino acid sequence of ORF18. ORF19 is gilC, nt 24183-
24449 of SEQ ID NO:1 read in the 5'to 3' direction. SEQ ID
NO:6 is the amino acid sequence of ORF19. ORF20 is gilF, nt
24449-25225 of SEQ ID NO:1 read in the 5' to 3' direction.
SEQIDNO:15 is the amino acid sequence of ORF20. ORF21
is gilK, nt 25241-26188 of SEQ ID NO:1 read in the 5'to 3'
direction. SEQ ID NO:7 is the amino acid sequence of
ORF21. ORF22 is gilOIV, nt 26200-27552 of SEQ ID NO:1
read in the 5' to 3' direction. SEQ ID NO:8 is the amino acid
sequence of ORF22. ORF23 is gilP, nt 27552-28481 of SEQ
ID NO:1 read in the 5' to 3' direction. SEQ ID NO:16 is the
amino acid of ORF23. ORF24 is gilQ, nt 28501-29517 of
SEQIDNO:1 read inthe 5'to 3' direction. SEQ ID NO:9 is the
amino acid sequence of ORF24. ORF25 is gilT, nt 30206-
32239 of SEQ ID NO:1 read in the 5' to 3' direction. SEQ ID
NO:10 is the amino acid sequence of ORF25. ORF26 is gilU,
nt32379-33392 of SEQ ID NO:1 read in the 5'to 3' direction.
SEQ ID NO:11 is the amino acid sequence of ORF26.

The database analysis yielded genes encoding the type 11
PKS and associated enzymes (gil G, A, B, C, F, K, P and Q),
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several genes encoding proteins involved in post-PKS tailor-
ing steps (gil OIII, GT, R, OIL, MT, E, D, H, OI, OIV, and U),
and genes of regulation and self resistance enzymes (gil S, J,
I and T), this group also includes three genes coding for
proteins of unknown function (gil L, M and N).

Methods

Cosmid Library Generation

A cosmid library of the gilvocarcin V producer Streptomy-
ces griseoflavus G63592 using pOJ446 as a host was con-
structed using standard methods. Transduction into E. coli
XL 1-Blue MRF" yielded several thousand colonies, which
were pooled and used as a master culture. An initial library
evaluation of cosmid DNA from several randomly chosen
transductants by restriction enzyme analysis revealed
whether these clones have inserts and if so, the size of the
inserts. [t was expected that the inserts should ideally have the
size of 30 to 40 kb, since from comparison with known,
related molecules, this was the expected size of the entire
gene cluster of the gilvocarcin pathway. As such, we were
ableto generate a cosmid containing the complete gilvocarcin
gene cluster.

The high molecular weight donor DNA was isolated
according to the following standard methods. CRM medium
supplemented with 0.5% (w/v) glycine was inoculated with S.
griseoflavus (G63592 spores and incubated for 24 hours or
until the culture reached nearly stationary phase. Cells were
harvested by centrifugation and resuspended in lysis buffer
containing 1 mg/ml lysozyme. After incubation for 15-60
min at 37° C., a 10% SDS solution and proteinase K (0.5
mg/mlL) was added to lyse the cells and the lysed cells were
incubated at 55° C. for two hours. The resulting viscous
solution was extracted with 5 M NaCl solution and phenol/
chloroform 1:1 and centrifuged. The aqueous phase was
transferred to a fresh tube and again extracted with chloro-
form, then the DNA in the water phase was precipitated by
adding 0.6 vol. of isopropanol and spooled onto a sealed
Pasteur pipette. After rinsing with 70% ethanol, air drying and
dissolving in TE-buffer, the concentration and purity of the
DNA was estimated by measuring the optical density of the
solution at 260 and 280 nm. DNA size was checked ona0.3%
agarose gel by conventional electrophoresis. For cosmid
cloning, the DNA should be 2150 kB.

The partial digestion and dephosphorylation of the donor
DNA was performed as follows by standard methods. The
restriction enzyme Sau3 Al was used for the partial digestion,
since it recognizes a 4-base-pair-sequence thus ensuring ran-
dom fragmentation and generation of cohesive ends that can
be ligated into the BamHI site of vector pOJ446. Bierman, M.
et al. Plasmid cloning vectors for the conjugal transfer of
DNA from Escherichia coli to Streptomyces spp. Gene 116:
43-49 (1992). The amount of enzyme and incubation time to
digest the DNA to the point where its average size is approxi-
mately in the size range of 30-40 kB was determined empiri-
cally by an enzyme dilution series and then scaled up to digest
200-300 pg of chromosomal DNA. A subsequent dephospho-
rylation step with calf intestinal phosphatase (CIP) prevented
segments of different regions of chromosomal DNA from
ligating to one another and forming a recombinant vector
containing noncontiguous segments of the genome. The
extent of dephosphorylation was determined using a small
batch of dephosphorylated DNA in a ligase reaction and
subsequent gel electrophoresis of the ligated and unligated
DNA samples. The complete dephosphorylation showed no
differences between ligated and unligated DNA.

Cosmid pOJ446 is a low copy shuttle vector containing
three cos sequences and an apramycin resistance gene. [t also
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carries the origin of replication from E. coli and Streptomyces
allowing an easy transfer between these two species. To pre-
pare the two cos arms necessary for the in vitro packaging
reaction, cosmid pOJ446 was cut at the unique Hpal site
situated between two cos sites. Afterwards, the resulting ends
were dephosphorylated to prevent re-ligation. The linearized
vector was cut with BamHI to yield two vector arms each
containing a cos site and a ligatable end. Finally, phenol/
chloroform extraction and ethanol precipitation was used to
purity the DNA.

Ligation and packaging was performed according to the
following standard methods. Different ratios of donor to vec-
tor DNA were ligated with T4 DNA ligase for 16 hours at 16°
C. To favor the formation of cosmid-insert concatemers and
not circular DNA the ligation was carried out at DNA con-
centrations of about 1 pg/ul. or greater. The ligation was
monitored by agarose gel electrophoresis of ligation mixture,
using unligated DNA samples as a control. Successful liga-
tion showed a significant shift of the chromosomal smear to a
higher molecular weight and the disappearance of the vector
bands. The in vitro packaging reaction was done using Giga-
pack III XI. packaging extracts (Stratagene), a kit which
contains all required enzymes necessary to pack concate-
meric DNA into preformed A phage particles. The packaging
was carried out as described in the Stratagene manual.

Transduction into . coli XL 1-Blue MRF' was performed
by the following standard methods. LB medium supple-
mented with 10 mM MgSO, and 0.2% (w/v) maltose was
inoculated with a single colony of E. coli XL. 1-Blue MRF"
and grown at 37° C. for 4-6 hours. After cell harvesting by
centrifugation, the cells were diluted to an OD,, of 0.5 with
sterile 10 mM MgSOQ,, solution. Two hundred pL. of cell solu-
tion was then infected with in vitro packaged phage and
incubated for 30 min at room temperature. Additional LB
broth was added and after incubation for 1 hour, 100 pL
aliquots were plated on LB plates containing 100 pg/mL
apramycin and incubated at 37° C. overnight. To evaluate the
quality of the constructed library, randomly picked colonies
were proliferated in LB medium supplemented with 100
ng/ml apramycin. Cosmid DNA was then isolated according
to standard isolation procedures and used for restriction
enzyme digests.

Labeling, Synthesis of Hybridization Probes and Colony
Hybridization

Gene probes were labeled by PCR using the digoxigenin
(DIG) system (Roche). The 4,6-dehydratase gene was ampli-
fied by PCR from genomic S. griseoflavus DNA using a
method developed by Bechthold et al. Decker, H. et al. 4
general approach for cloning and characterizing dndp-glu-
cose dehydratase genes from actinomycetes. FEMS Microbi-
ology Letters 141:195-201 (1996) The PKS probe was pre-
pared from plasmid plJ2345, which contains parts of the
actinorhodin minimal PKS (actl) of S. coelicolor. Malpartida,
F. and Hopwood, D. Physical and genetic characterisation of
the gene cluster for the antibiotic actinorhodin in Streptomy-
ces coelicolo A3(2). Mol. Gen. Genet 205:66-73 (1986).
Labeled DNA probes were purified by gel electrophoresis and
labeling efficiency was estimated in a spot test with a DIG-
labeled control.

Colony hybridization was carried out as described in the
DIG user manual (Roche, online) for membrane hybridiza-
tion. Roche, Molecular &. Biochemicals. http://biochem.
roche.com/prodinfo_fst.htm?/prod_inf/manuals/dig_man/
dig._joc.htm. Briefly, colonies were grown overnight on LB
agar containing 100 pg/ml. apramycin. Nylon membranes
(Roche) were placed on the agar plates and punched to mark
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the orientation. After a short incubation time, the membranes
were removed and successively blotted for 15 minutes on
Whatmann 3MM paper soaked in denaturation, neutraliza-
tionand 2xSSC solutions. UV-light was used to cross-link the
transferred DNA to the membrane. Membranes were then
pre-hybridized for 2 hours at 42° C. in DIG Easy Hyb hybrid-
ization solution. Probes were denatured by boiling to produce
single-stranded DNA and added to start the hybridization
process. Probe concentration, hybridization time and tem-
perature, and the stringency of subsequent washing steps with
SSC solution were determined empirically for each probe
(e.g., 2x at 45° C. with 2 mol SSC solution for 15 min., then
2x at 68° C. with 0.1 mol SSC solution for 30 min). To reduce
nonspecific binding of the anti-digoxigenin-AP conjugate,
the membrane was treated with blocking buffer for 30-60 min
before the antibody solution was added. After removal of
unbound antibodies, nitroblue tetrazolium salt (NBT) and
5-bromo-4-chloro-3-indolyl phosphate toluidinum salt
(BCIP), the colorimetric substrates for AP, were added to
initiate the color reaction.

Cosmid DNA isolated from clones hybridizing with both
probes were analyzed by restriction mapping and Southern
blot experiments. In order to confirm that the cosmid DNA
indeed contained genes of the gilvocarcin gene cluster, the
corresponding cosmids were introduced into S. /lividans
TK24 or S. albus by protoplast fusion. Hopwood, D. A.
Genetic contributions to understanding polyketide synthases.
Chem. Rev. 97:2465-2497 (1997); Hopwood, D. A. et al.
Genetic Manipulation of Streptomyces. A Laboratory
Manual (The John Innes Foundation, Norwich, UK) (1985);
Kieser, T., Bibb, M. J., Buttner, M. J., Chater, K. F. and
Hopwood, D. A. Practical Streptomyces Genetics (The John
Innes Foundation, Norwich, UK) (2000). The resulting
recombinant strains were then screened for gilvocarcin resis-
tance and the production of new metabolites. Resistance
against gilvocarcin V and/or a production of gilvocarcins or
biosynthetic intermediates with the gilvocarcin chro-
mophore, were easily detected on TLC with use of the unique
yellow fluorescence (UV light, 366 nm), which proved the
presence of genes of the gilvocarcin pathway.

Nucleotide Sequence Analysis

The nucleotide sequence of isolated clones was determined
using conventional methodology. Automated thermocycle
sequencing of pUC19 or pBluescript II SK(+)-based sub-
clones using taq DNA polymerase and fluorescent dye-la-
beled terminators was carried out at the UK biotechnology
resource service laboratory on an ABI 377 and 310 DNA
sequencers. Both, standard (M13 forward and reverse, 17, or
T3) and custom made primers (18-21 nucleotides) were used.

Functional Assignment of the Gilvocarcin Biosynthetic Gene
Cluster

The genes encoding the PKS and associated enzymes are in
atype Il PKS arrangement, in which the minimal PKS gene
cluster, encoded by gilABC (consisting of ketosynthase (KS)
a, KSpP, and the acyl carrier protein (ACP)), is flanked by the
PKS-associated ketoreductase (KR, encoded by gilF) and two
cyclases (encoded by gilG and gilK). Unexpectedly, the genes
gilP and gilQ, which encode a malonyl CoA:ACP transacy-
lase (MAT) and an acyl transferase (AT), respectively, were
found to be located further downstream of gil ABC. Although
essential for polyketide biosynthesis, MATs are usually not
found in type-II PKS gene clusters, and are often ‘recruited’
from the fatty acid synthase. Summers, R. G., Ali, A., Shen,
B., Wessel, W. A. and Hutchinson, C. R. Biochemistry
34:9389-9402 (1995). The gilvocarcin gene cluster disclosed
herein is the third example in which such a gene was located,
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but the first one where the cluster is associated with a known
structure. Novakova, R.; Bistakova, J.; Homerova, D.; Rezu-
chova, B.; Kormanec, J. Gene 297:197-208 (2002). GilQ
resembles AT proteins found in producers of aromatic
polyketides with starter units other than acetate, such as doxo-
rubicin, enterocin, etc. Hutchinson, C. R. Chem. Rev.
97:2525-2536 (1997); Moore, B. S. and Hertweck, C. Nat.
Prod. Rep). 19:70-99 (2002); Marti, T., Hu, Z., Pohl, N. L.,
Shah, A. N. and Khosla, C. J. Biol. Chem. 275:33443-33448
(2000). Therefore, gilQ might play a role in the choice of the
starter unit (propionate vs. acetate for the production of gil-
vocarcin V and gilvocarcin M, respectively).

The following genes are suspected to be responsible for the
post-PKS tailoring steps including the above mentioned bio-
synthetic steps towards the key structural features of GV. Four
oxygenase-encoding genes were found (gilO1, gilOI1, gil OIII
and gilOIV). Genes gilOl and gilOI'V encode FAD-dependent
oxygenases assumed to catalyze the oxidative rearrangement
of a putative angucyclinone-precursor to the unique cou-
marin-based aromatic core of the gilvocarcins. The corre-
sponding enzymes gilOI and gilOIV are closely related to
jadF and jadH (gilOI: 37% aa-identity to jadF and 41% aa-
identity to jadH; gilOIV: 37% aa-identity to jadF and 29%
aa-identity to jadH), which probably catalyze a similar rear-
rangement in the jadomycin pathway.

The other two oxygenases, gilOIl and gilOIII, are most
likely responsible for the anthrone oxidation leading to the
angucyclinone intermediate X (gilOII), and for the generation
of the 8-vinyl group. For the latter, we assume a hydroxyla-
tion in 1"-position through gilOIII followed by dehydration,
since gilOIII is a P-450 hydroxylase predestined for such a
reaction. Other oxidoreductase encoding genes are gilH (en-
coding a KR presumably involved in the hydroquinone gen-
eration) and gilR (encoding an oxidoreductase of unclear
function).

The C-glycosidically linked D-fucofuranose is a unique
deoxysugar not found in any other polyketide, and whose
biosynthesis requires only a few enzymes (FIG. 7). Hosoya T.
etal. J. Am. Chem. Soc. 116:1004-1015 (1994). This is con-
firmed by the presence of only a few typical deoxysugar
biosynthesis genes in the gil cluster. Two of these crucial
genes, gilD and gilE, encode NDP-glucose synthase and 4,6-
dehydratase, respectively. A third gene possibly involved in
the D-fucose biosynthesis is gilU located at the end of the gil
cluster. GilU, apparently an epimerase/dehydratase, or oxi-
doreductase gilR, might function as 4-KR, while it is unclear
how the contraction from the pyranose to the furanose is
catalyzed. Without intending to be bound by theory, gilM isa
possible candidate to encode the enzyme responsible for
shrinking the pyranose to furanose.

GilGT encodes the glycosyl transferase (GT) responsible
for the unusual p-OH activated C-glycosylation. Synthetic
model studies suggest that the favored mechanism for C-gly-
cosyltransfer is an initial O-glycosylation followed by a
Fries-like rearrangement. See e.g., Hosoya, T. et al. J. Am.
Chem. Soc. 116:1004-1015 (1994); Palmacci, E. R. and See-
berger, P. H. Org. Lett. 3:1547-1550 (2001). Although prin-
cipally possible, it is difficult to imagine in an enzymatic
environment that such a rearrangement to the p-position
occurs. GilGT resembles mostly lanGT2 and urdGT2 both of
which transfer D-olivoses to angucyclinone acceptor mol-
ecules, the latter being also a C-GT. Kiinzel, E., Faust, B.,
Oelkers, C., Weissbach, U., Bearden D. W., Weitnauer, G.,
Westrich, L., Bechthold, A. and Rohr, J. Inactivation of the
urdG12 Gene, Which FEncodes a Glycosyltransferase
Responsible for the C-Glycosyltransfer of Activated D-Oli-
vose, Leads to Formation of the Novel Urdamycins 1,], and K
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J. Am. Chem. Soc. 121:11058-11062 (1999). However, in
contrast to gilGT, urdGT2 places its sugar moiety ortho to a
phenolic OH-group. An interesting novelty of gilGT is its
unusual size, due to its N-terminal part being approximately
120 amino acids longer than any other polyketide GT found
so far. The BLAST analysis of the deduced aa-sequence of
gilGT (495 aa, MW 53846 g/Mol) revealed 38% aa-identity
with 1anGT?2 from the landomycin producer S. cyarnogenus,
31% identity with urdGT2 from S. fradiae 112717, and 25%
identity with jadS, the O-GT of the jadomycin pathway from
S. venezuelae. Without intending to be bound by theory, the
similarity of gilGT with 1anGT2, urdGT and jadS may point
to an angucyclinone-shaped acceptor substrate for gilGT,
since lanGT2, urdGT2 and jadsS transfer their sugar substrates
to an angucyclinone-type aglycon. Kiinzel, E. et al. J. Am.
Chem. Soc. 121:11058-11062 (1999); Bechthold, A. and
Rohr, J. Bioorganic Chemistry (eds. Diederichsen, U., Lind-
horst, T. K., Westermann, B. & Wessjohann, L. A.) 313-321
(Wiley-VCH, Weinheim, 1999); Kirschning, A., Bechthold,
A. and Rohr, I. Chemical and Biochemical Aspects of Deox-
ysugars and Deoxysugar Oligosaccharides. Topics Curr.
Chem. 188:1-84 (1997); Wohlert, S.-E., Bechthold, A., Ben-
inga, C., Henkel, T., Holzenkdmpfer, M., Kirschning, A.,
Oelkers, C., Ries, M., Weber, S., Weissbach, U., Westrich, L.
& Rohr, I. Bioorganic Chemistry (eds. Diederichsen, U.,
Lindhorst, T. K., Westermann, B. & Wessjohann, L.. A.) 305-
312 (Wiley-VCH, Weinheim, N.Y., Chichester, Brisbane,
Singapore, Toronto, 1999); Hoffmeister, D., Ichinose, K.,
Domann, S., Faust, B., Trefzer, A., Drager, G., Kirschning, A.,
Fischer, C., Kiinzel, E., Bearden, D. W., Rohr, J. and Bech-
thold, A. The NDP-Sugar Co-Substrate Concentration and
the Enzyme Expression Level Influence the Substrate Speci-
ficity of Glycosyltransferases: Cloning and Characterization
of Deoxysugar Biosynthetic Genes of the Urdamycin Biosyn-
thetic Gene Cluster. Chem. Biol. 7:821-831 (2000); Trefzer,
A., Hoffmeister, D., Kiinzel, E., Stockert, S., Weitnauver, G.,
Westrich, L., Rix, U., Fuchser, J., Bindseil, K. U., Rohr, J. and
Bechthold, A. Function of Glycosyltransferase Genes
Involved in Urdamycin a Biosynthesis. Chem. Biol. 7:133-
142 (2000); Trefzer, A., Fischer, C., Stockert, S., Westrich, L.,
Kiinzel, E., Girreser, U., Rohr, J. and Bechthold, A. Elucida-
tion of the Function of Two Glycosyltransferase Genes
(aanGT1 and lanGT4) Involved in Landomycin Biosynthesis
and Generation of New Oligosaccharide Antibiotics. Chem.
Biol. 8:1239-1252 (2001); Krohn, K. et al, Topics Curr.
Chem. 188:127-195 (1997); Westrich, L., Domann, S., Faust,
B., Bedford, D., Hopwood, D. A. and Bechthold, A. Cloning
and Characterization of a Gene Cluster from Streptomyces
cyanogenus S136 Probably Involved in Landomycin Biosyn-
thesis. FEMS Microbiol. Lett. 170:381-387 (1999).

Methods

ORF assignments were accomplished using the GCG soft-
ware package (University of Wisconsin) and the NCBI data-
base. When applying the GCG software on Streptomyces,
assignment priority will be given to ORFs with consistently
high G/C %. Preliminary gene assignments were then derived
from the translated amino acid sequence similarity of trans-
lated genes of known function using the BLAST (Basic Local
Alignment Search Tool) program, and standard protein
sequence data bases (Genbank, EMBO, Swiss Prot). Alts-
chul, S. F., Gish, W., Miller, W., Myers, E. W. and Lipman, D.
J. Basic Local Alignment Research Tool. J. Mol. Biol. 215:
403-410 (1990); Altschul, S. F. and Lipman, D. J. Protein
Data Base Searches for Multiple Alignments. Proc. Natl.
Acad. Sci. USA 87: 5509-5513 (1990); Altschul, S. F. et al.
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Gapped BLAST and Psi-BLAST—A New Generation of Pro-
tein Database Search Programs. Nucl. Acid Res. 25:3389-
3402 (1997).

Host-Vector System

Identification and cloning of the gilvocarcin V gene cluster
led to the discovery of a host-vector system for the efficient
recombinant production of both novel and known
polyketides. The coding sequences which collectively encode
a gilvocarcin V gene cluster or hybrids, mutants, analogs or
derivatives thereof, can be inserted into one or more expres-
sion vectors, using methods known to those of skill in the art.
The replacement gene cluster need not correspond to the
complete native gilvocarcin gene cluster but need only
encode aminimal PKS gene cluster to catalyze the production
of'a polyketide.

The recombinant vector(s) of the present invention
includes replacement gene clusters derived from a single gene
cluster, or may comprise hybrid replacement gene clusters
with, e.g., a gene of one cluster replaced by the corresponding
gene from another gene cluster. For example, acyl carrier
proteins (ACPs) or certain deoxysugar genes are readily inter-
changeable among different synthases without an effect on
the product structure. Furthermore, a given ketosynthase
(KS) or ketoreductase (KR) may recognize or reduce
polyketide chains of different chain lengths. Accordingly,
these genes may be freely interchangeable in the constructs
described herein. Thus, the replacement clusters of the
present invention can be derived from any combination of
PKS gene sets, which ultimately function to produce an iden-
tifiable polyketide.

Expression vectors also include control sequences oper-
ably linked to the desired PKS coding sequence. Suitable
expression systems for use with the present invention include
systems, which function in eucaryotic and procaryotic host
cells. However, procaryotic systems are preferred, and in
particular, systems compatible with Streptomyces species are
of particular interest. Control elements for use in such sys-
tems include promoters, optionally containing operator
sequences, and ribosome binding sites. Particularly useful
promoters include control sequences derived from PKS gene
clusters, such as one or more act promoters. However, other
bacterial promoters, such as those derived from sugar
metabolizing enzymes, such as galactose, lactose (lac) and
maltose, will also find use in the present constructs. Addi-
tional examples include promoter sequences derived from
biosynthetic enzymes such as tryptophan (trp), the beta-lac-
tamase (bla) promoter system, bacteriophage lambda PL, and
T5. In addition, synthetic promoters, such as the tac promoter,
which do not occur in nature also function in bacterial host
cells.

Other regulatory sequences may also be desirable which
allow for regulation of expression of the replacement PKS
gene cluster relative to the growth of the host cell. Regulatory
sequences are known to those of skill in the art, and examples
include those which cause the expression of a gene to be
turned on or off in response to a chemical or physical stimu-
lus, including the presence of a regulatory compound. Other
types of regulatory elements may also be present in the vector,
for example, enhancer sequences.

Selectable markers can also be included in the recombinant
expression vectors. A variety of markers are known which are
useful in selecting for transformed cell lines and generally
comprise a gene whose expression confers a selectable phe-
notype on transformed cells when the cells are grown in an
appropriate selective medium. Such markers include, for
example, genes which confer antibiotic resistance or sensi-
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tivity to the plasmid. Alternatively, several polyketides are
naturally colored and this characteristic provides a built-in
marker for selecting cells successfully transformed by the
present constructs.

The various subunits of gene clusters of interest can be
cloned into one or more recombinant vectors as individual
cassettes, with separate control elements, or under the control
of, e.g., a single promoter. These subunits can include flank-
ing restriction sites to allow for the easy deletion and insertion
of other subunits so that hybrid gene clusters can be gener-
ated. The design of such unique restriction sites is known to
those of skill in the art and can be accomplished using the
techniques described above, such as site-directed mutagen-
esis and PCR.

Further, the vectors, which collectively encode a replace-
ment gene cluster can be inserted in to one or more host cell,
using methods known to those of skill in the art. As such, the
present invention also provides host cells which have their
naturally occurring gene substantially deleted, transformed
with vectors encoding a replacement gene cluster or parts
thereof, for the production of active polyketides. The inven-
tion provides for the production of significant quantities of
product at an appropriate stage of the growth cycle. The
polyketides so produced can be used as therapeutic agents, to
treat a number of disorders, depending on the type of
polyketide, like immunosuppressants, anti-tumor agents, as
well as for the treatment of viral, bacterial and parasitic infec-
tions. The ability to recombinantly produce polyketides also
provides a powerful tool for characterizing biosynthetic
enzymes and the mechanism of their actions.

More particularly, host cells for the recombinant produc-
tion of the subject polyketides can be derived from any organ-
ism with the capability of harboring a recombinant PKS gene
cluster. Thus, the genetically engineered host cells of the
present invention can be derived from either procaryotic or
eucaryotic organisms. Preferably, the host may be E. coli.
However, more preferred host cells are those constructed
from the actinomycetes (act), a class of mycelial bacteria
which are abundant producers of a number of polyketides. A
particularly preferred genus for use with the present system is
Streptomyces. Thus, for example, S. ambofaciens, S. argilla-
ceus, S. avermitilis, S. azureus, S. cinnamonensis, S. coeli-
color, S. curacoi, S. cyanogenus, S. erythraeus, S. fradiae, S.
galilaeus, S. glaucescens, S. globisporus, S. griseus, S. hygro-
scopicus, S. lividans, S. parvulus, S. peucetius, S. rimosus, S.
roseofulvus, S. thermotolerans, S. venezuelae, S. violaceoru-
ber, among others, will provide convenient host cells for the
subject invention. See e.g., Hopwood, D. A. and Sherman, D.
H. Ann. Rev. Genetr. 24:37-66 (1990); O’Hagan, D. The
Polyketide Metabolites (Ellis Horwood Limited, 1991).

The above-described host cells are genetically engineered
by deleting the naturally occurring PKS genes or genes
encoding post-PKS tailoring enzymes therefrom, using stan-
dard techniques, such as by homologous or heterologous
recombination. See e.g., Khosla, C. et al. Molec. Microbiol.
6:3237 (1992) One or more recombinant vector, collectively
encoding a replacement gene cluster of the present invention,
is then introduced into a host cell. The vector(s) can include
native or hybrid combinations of gilvocarcin gene cluster
subunits, or mutants, analogs, or derivatives thereof. Methods
for introducing the recombinant vectors of the present inven-
tion into suitable host cells are known to those of skill in the
art and typically include the use of CaCl, or other agents, such
as divalent cations and DMSO. DNA can also be introduced
into bacterial cells by electroporation. Once the genes or gene
clusters are expressed, the polyketide producing colonies can
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be identified and isolated using known techniques. The pro-
duced polyketides can then be further characterized, e.g. by
NMR and mass spectroscopy.

Generation of New Gilvocarcin-Type Compound Producing
Hybrids, Mutants, Analogs and Derivatives of Strepromyces
griseoflavus

The generation of new gilvocarcin-type drugs, and gilvo-
carcin analogs and derivatives thereof can be produced by
known methods in the art. Native gene sequences or parts
thereof can be used alone or in combination with non-native
gene sequences or parts thereof to produce analogs or hybrids
of Streptomyces griseoflavus. For example, the replacement
gene or gene cluster or subunits thereof of interest can be
obtained from an organism that expresses the same, using
recombinant methods, such as by screening cDNA or
genomic libraries, derived from cells expressing the gene of
interest, or by deriving the gene from a vector known to
include the same. The gene can then be isolated and combined
with other desired genes, using standard techniques. If the
gene in question is already present in a suitable expression
vector, it can be combined in situ, with, e.g., other PKS
subunits or genes encoding tailoring enzymes such as deox-
ysugar genes, as desired. The gene of interest can also be
produced synthetically, rather than cloned. The nucleotide
sequence can be designed with the appropriate codons for the
particular amino acid sequence desired. In general, one will
select preferred codons for the intended host in which the
sequence will be expressed. The complete sequence is
assembled from overlapping oligonucleotides prepared by
standard methods and assembled into a complete coding
sequence. Edge. Nature 292:756 (1981); Nambair et al. Sci-
ence 223:1299 (1984); Jay et al. J. Biol. Chem. 259:6311
(1984).

The replacement gene clusters of the present invention are
derived from a single gene cluster, or may comprise hybrid
replacement gene clusters with, e.g., a gene for one cluster
replaced by the corresponding gene from another gene clus-
ter. Non-limiting exemplary non-gilvocarcin V biosynthetic
genes may be subunits of the gilvocarcin M, gilvocarcin E,
defucosyl-gilvocarcin V, ravidomycin, deacetyl-ravidomy-
cin, FE35A, FE35B, chrysomycin A, chrysomycin B,
BE-12406 A, or BE-12406 B gene cluster. For example,
deoxysugar pathways have common enzymes, which start the
pathway, and which then can be complemented with various
genes known from various sugar pathways in order to create
novel or altered sugar moieties. Accordingly, these genes are
freely interchangeable in the constructs described herein.
Thus, the replacement clusters of the present invention can be
derived from any combination of gene sets, which ultimately
function to produce an identifiable new polyketide-type com-
pound.

Examples of hybrid replacement gilvocarcin gene clusters
include clusters with genes derived from two or more of the
act gene clusters, such as granaticin (gra), gilvocarcin (gil),
urdamycin (urd), landomycin (lan), mithramycin (mtm), tet-
racenomycin (tcm), oxytetracycline (otc), tetracycline (tet),
erythromycin (ery), oleandomycin (ole), griseusin, nanaomy-
cin, medermycin, daunorubicin, tylosin, carbomycin, spira-
mycin, avermectin, monensin, nonactin, curamycin, rifamy-
cin and candicidin synthase gene clusters, among others.

Mutations can be made to the native gene sequences and
such mutants used in place of the native sequence, so long as
the mutants are able to function with other genes to collec-
tively catalyze the synthesis of an identifiable polyketide.
Such mutations can be made to the native sequences using
conventional techniques such as by preparing synthetic oli-
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gonucleotides including the mutations and inserting the
mutated sequence into the gene encoding a PKS subunit using
restriction endonuclease digestion. See e.g., Kunkel, T. A.
Proc. Natl. Acad. Sci. USA 82:448(1985); Geisselsoder et al.
BioTechniques 5:786 1987). Alternatively, the mutations can
be effected using a mismatched primer (generally 10-20
nucleotides in length) which hybridizes to the native nucle-
otide sequence (generally cDNA corresponding to the RNA
sequence), at a temperature below the melting temperature of
the mismatched duplex. The primer can be made specific by
keeping primer length and base composition within relatively
narrow limits and by keeping the mutant base centrally
located. Zoller and Smith, Methods Enzyvnol. 100:468
(1983). Primer extension is effected using DNA polymerase,
the product cloned and clones containing the mutated DNA,
derived by segregation of the primer extended strand,
selected. Selection can be accomplished using the mutant
primer as a hybridization probe. The technique is also appli-
cable for generating multiple point mutations. See e.g., Dal-
bie-McFarland et al. Proc. Natl. Acad. Sci USA 79:6409
(1982).

In summary, this mixing and matching on biosynthetic
genes, also called combinatorial biosynthesis is a new method
of drug derivatization and SAR (structure-activity-relation-
ship) assessment, which not only generates new drug analogs
and derivatives but also the bacterial mutant strains for the
biotechnological production of the new drugs.

Gene recombination is a well-known method in the art used
for generating new gilvocarcin-type drug analogs and deriva-
tives and new bacterial mutants. For example, gene recombi-
nation involves transforming a host cell, including the GV
producer Streptomyces griseoflavus G 3592 or the newly
generated GV-producer S. lividans TK24 (cos-G9B3) or
other strains, with a recombinant vector encoding specific
foreign genes. For the plasmid constructions, Streptomyces-
E. coli shuttle vectors containing the strong constitutive
ermE* promoter, which allows an overexpression of the
inserted genes can be used. The recombinant vectors may be
transferred into a host cell by either protoplast transformation
or conjugal plasmid transfer. Non-limiting exemplary suit-
able genes and plasmids known in the art include the oxyge-
nase genes jadF,G,H, and the GT-encoding genes jadsS,
urdGT2,1anGT2 and various other plasmids with deoxysugar
biosynthesis genes.

Gene disruption, a method of generating a knockout or
minus-mutants, can also be used to generate mutations for
inclusion in a replacement PKS gene cluster. Knockouts are
made by standard methods well established in the art, namely,
insertional inactivation and in-frame gene deletion. See, e.g.,
Kiinzel, E.; Faust, B.; Oelkers, C.; Weissbach, U.; Bearden D.
W.; Weitnauer, G.; Westrich, L., Bechthold, A. and Rohr, I. J.
Am. Chem. Soc. 121:11058-11062 (1999); Westrich, L.;
Domann, S.; Faust, B.; Bedford, D.; Hopwood, D. A. and
Bechthold, A. FEMS Microbiol. Lett. 170, 381-387 (1999);
Remsing, L. L., Garcia-Bernardo, J., Gonzalez, A., Kunzel,
E., Rix, U., Brana, A. F., Bearden, D. W., Mendez, C., Salas,
J. A. and Rohr, J. Ketopremithramycins and Ketomithramy-
cins, Four New Aureolic Acid-Type Compounds Obtained
Upon Inactivation of Two Genes Involved in the Biosynthesis
of the Deoxysugar Moieties of the Antitumor Drug Mithra-
mycin by Streptomyces argillaceus, Reveal Novel Insights
into Post-Pks Tailoring Steps of the Mithramycin Biosynthetic
Pathway. J. Am. Chem. Soc. 124:1606-1614 (2002).

Generally, insertional inactivation is obtained by subclon-
ing a gene fragment from a strain containing the gene of
interest into a suitable plasmid (e.g. pBSKT, pBluescript or
pUC18-derivatives etc.), inserting an apramycin or other
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resistance cassette into the plasmid and transformation of this
plasmid construct into the same strain from which the gene of
interest came. Selection for both thiostreptone resistance (in
the plasmid) and for apramycin or other suitable antibiotic
resistance then indicates the knockout of the target gene. A
stable double-crossover mutant is achieved by replacing the
wild-type region by the in vitro-altered one. Remsing, L. et al.
J. Am. Chem. Soc. 124:1606-1614 (2002).

Another method to inactivate genes is the Donnenberg
method. See e.g., Donnenberg, M. S. and Kaper, J. B. Con-
struction of an Eae Deletion Mutant of Enteropathogenic
Escherichia Coli by Using a Positive-Selection Suicide Vec-
tor. Infect. Immun. 59: 4310-4317 (1991); Donnenberg, M. S.
and Kaper, I. B. Enteropathogenic Escherichia coli. Infect.
Immun.  60:3953-3961 (1992); Donnenberg-laboratory
webpage: http://medschool.umaryland.edw/infemsd/re-
sources.htm. In this method, suitable fragments for gene inac-
tivation are cloned into pCVD442 and introduced into E. coli
SM10-A. The E. coli SM10-. strain supplies the tra genes for
conjugation of the pCVD442 inactivation construct into F.
coli RR1 cells containing cos-G9B3. Cells growing under
selection for apramycin, ampicillin and streptomycin (for
streptomycin sensitive £. coli SM10-A donor cells) should
have the pCVD442 derivative integrated into cos-G9B3 via a
single cross over event. Growing the cells without the addi-
tion of ampicillin and plating them out on agar plates con-
taining 5% (w/v) sucrose should give colonies containing
either the original cos-G9B3 or a mutated version of cos-
(G9B3 with the desired deletion. Restriction enzyme analysis
is used to differentiate between these two colonies.

Also, the recently developed REDIRECT® technology
can be used, which allows a fast insertion of an antibiotic
resistance marker into the gene of interest through PCR. See
e.g., Gust, B., Kieser, T. and Chater, K. F. Redirect Technol-
ogy: PCR Targeting System in Streptomyces coelicolor. The
John Innes Center; www.plantbioscience.com (2002).

As an alternative method for generating knockouts, in-
frame gene deletion can be used to inactivate unwanted bio-
synthetic genes. Kulowski, K. et al. Functional characteriza-
tion of the jadl gene as a cyclase forming angucyclinones.
Journal of the American Chemical Society 121:1786-1794
(1999). Such methods are known to those skilled in the art.

EXAMPLES

The generation of the specific gene minus mutants such as,
inter alia, gilGT, gilOl, gilOIV and gilMT are useful for
determining the biosynthetic steps of gilvocarcin V and lead
to the creation of gilvocarcin-type drug mutants and the dis-
covery of new gilvocarcin-type drug analogs and derivatives
thereof.

Inactivation of GilGT

For generation of a gilGT-minus-mutant, an in-frame dele-
tion of a 267 base-pair (bp) segment flanked by two Xhol
restriction sites within the gilGT gene is anticipated. For this,
a Sphl fragment of cos-G9B3 carrying gilGT is cloned into
the same site of pUC19. Digestion with Xhol and religation of
the vector removes the 267 bp-fragment. The resulting shorter
gene fragment is then rescued as an EcoRI-HindIII fragment
and cloned into a suitable Strepromyces suicide plasmid (e.g.
pBSKT or pHZ1358; both carrying the tsr thiostrepton resis-
tance gene). The resulting plasmid is then introduced into the
S. griseoflavus G63592 wild type strain either by protoplast
transformation or by conjugal transfer from E. coli ET12567
(pUB307). Selection for thiostrepton resistance should yield
S. griseoflavus mutant strains with the entire vector integrated
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into the chromosome by a single crossover event. These
mutants are used to generate a stable double crossover mutant
by allowing them to grow without selective pressure and
subsequent screening for thiostrepton sensitive mutants. A
successful second crossover event, yielding the gilGT-minus
mutant strain, is verified by southern hybridization experi-
ments. Without intending to be bound by theory, it is expected
that the gilGT-minus mutant will accumulate the acceptor
substrate of gilGT, namely either angucyclinone 2 or
defucogilvocarvin E 4 (Scheme 1 of FIG. 8).

To confirm that the resulting product(s) of the inactivation
gilGT-mutants are really only an effect of the respective gene
inactivation, the gilGT-mutants will be complemented with
gilGT. For these experiments, gene fragments containing the
gilGT gene will be ligated into an expression vector contain-
ing an antibiotic resistance marker, such as pEM4, pWHM3
or pUWL201-1 (all thiostreptone), and the minus-mutants
will be transformed with the resulting plasmid. Growth in a
medium containing thiostreptone will yield the complemen-
tation strain, whose product spectrum will be analyzed and
compared to the wild-type strain. We expect an essentially
identical product spectrum as from the wild-type strain. It is
hypothesized that the inactivation of gilGT will help to clarify
the sequence of events of the gilvocarcin biosynthesis, and
will provide insights regarding the gilGT acceptor substrate,
which is important for the generation of new gilvocarcin-type
analogs.

Inactivation of GilOI

Without intending to be bound by theory, it is hypothesized
that that gilOl/gilOIV encode the enzymes catalyzing a
C—C-bond cleaving step for gilvocarcin biosynthesis. As
with gilGT, in-frame deletion is possible for gilOI, due to the
two suitable Kpnl sites found in gilO1, which should allow the
deletion of a 578-bp fragment. Inactivation of gilOI follows
the general experimental procedure outlined above for the
gilGT inactivation and confirmation complementation. With-
out intending to be bound by theory, we expect due to the
inactivation of gilOl/gilOIV an accumulation of either
angucyclinone (2) or a glycosylated intermediate, such as (5)
as set out in Scheme 1 of FIG. 8.

Mutation of GilGT.

The sequence comparison of gilGT with other glycosyl-
transferase encoding genes, in particular with urdGT2,
showed that gilGT is about 300 base pairs longer at the
beginning of the ORF, i.e. gilGT translates into a protein,
which contains roughly 100 extra amino acids at its N-termi-
nal end. The mutation, in which this extra portion of gilGT is
removed, will be achieved by overexpression of a 300-bp
shorter version of gilGT gene into the gilGT-mutant.

It is hypothesized that if the unique portion of gilGT is
responsible for forcing the activated D-fucose from the pyra-
nose into the furanose configuration, then the mutation
experiment might yield a gilvocarcin bearing a fucopyranose
moiety instead of the fucofuranose moiety, presuming that the
remaining portion of the GT remains functional.

Synthetic studies suggest that such C-glycosides arise from
O-glycoside intermediates via Fries-like rearrangement.
Therefore, the glycosylation sequence probably leads first to
the O-glycoside, and then the sugar moiety migrates to the
neighbor carbon atom. For most C-glycosides, like the C-gly-
cosidic D-olivose in urdamycin A, this is an ortho-shift. How-
ever, gilvocarcin V does not possess an oxygen atom in ortho-
position, and since the Fries-rearrangement allows both, an o-
and p-shift the C-glycosylation must proceed via the p-OH
group. We hypothesize that the unique extra segment of gilGT
might encode larger binding sites enabling this more compli-
cated p-Fries rearrangement (e.g. through suiting two donor
and two acceptor substrates). Therefore, the anticipated
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mutation gilGT might yield a molecule bearing an O-glyco-
sidically linked sugar at 1-position instead of the usual C-gly-
cosidically linked sugar at 4-position.

Complementation of the GilGT-Minus Mutant with Foreign
GT-genes (UrdGT2, LanGT?2 or JadS)

Ifthe acceptor substrate of gilGT is angucyclinone (2) then
the gilGT-minus-mutant (see above) is likely to be success-
fully complemented with urdGT2, which is a gene encoding
the C-glycosyltransferase of the urdamycin pathway, for
which a similar acceptor substrate is discussed. As the result
of this complementation experiment, we expect an ortho-C-
glycosylated product. This can be either an angucycline, or a
novel gilvocarcin-type molecule depending on the substrate
flexibility of the downstream enzymes of gilvocarcin biosyn-
thesis. To accomplish this complementation experiment, the
urdGT2 genes are inserted into plasmid pEM4, a pHWM3-
derived overexpression vector. UrdGT?2 is known to possess
very broad substrate specificity to both the acceptor as well as
the NDP (nucleosyldiphosphate)-activated sugar donor sub-
strate. In case it should be unable to handle activated D-fucose
(or one of its biosynthetic intermediates) provided by S.
griseoflavus G63592, the resulting mutant strain S. griseofla-
vus gilGT-minus (urdGT2) can be complemented with
designed plasmids (pLN2 derivatives) (See e.g., Rodriguez,
L., Aguirrezabalaga, 1., Allende, N., Brana, A. F., Mendez, C.
& Salas, J. A. Engineering Deoxysugar Biosynthetic Path-
ways from Antibiotic-Producing Microorganisms: A Tool to
Produce Novel Glycosylated Bioactive Compounds. Chem.
Biol. 9:721-729 (2002)) providing NDP (nucleosyldiphos-
phate)-D-olivose, NDP-D-mycarose or NDP-D-rhodinose,
which are known sugar donor substrates of urdGT2. These
plasmids (e.g., pLNR for NDP-D-olivose) are available from
our collaboration with J. A. Salas et al., or can be designed.
For example, to achieve D-rhodinose, urdR in pLNR (Gen-
erates D-Olivose) has to be replaced by mtmU (Generating an
Axial 4-OH) and complemented with urdQ; for D-mycarose,
pLNR needs to be complemented with mtmC.

Complementation experiments using lanGT2 and jadS can
be carried out following the same procedure. Here, O-glyco-
sidically bound sugars are expected, since lanGT2 and jadS
yield O-glycosides.

Complementation of the Gil Gene Cluster with Other Suit-
able Deoxysugar Biosynthesis Genes

As illustrated in Scheme 2 of FIG. 7, there are only a few
genes necessary to encode the biosynthesis of the deoxysugar
moiety of gilvocarcin V. These genes can be complemented
with other known genes of sugar pathways to generate various
new gilvocarcin-type drugs with alternated sugar moieties.
Basically, the gil gene cluster contains all elements to achieve
activation (necessary for the glycosyltransfer) and 6-deoxy-
genation (a common step of all deoxysugar pathways, cata-
lyzed by a 4,6-dehydratase). The gil cluster does not contain
genes of branching elements (such as C-methyltransferases),
amination elements (transaminases) and further deoxygenat-
ing enzymes. Only a few genes are needed to alter the D-fu-
cofuranose moiety of GV sugar into an amino sugar (with or
without methyl groups), into a branched sugar, or into a more
deoxygenated sugar. Many of these genes, e.g. those encod-
ing the 3-deoxygantion or 2-deoxygenation, are known from
many pathways. Without intending to be bound by theory,
both, pyranose or furanose GV moieties are expected.

Inactivation Experiments to Generate Increased Hydrophilic-
ity.

Gene inactivation experiments can be used to generate less
lipophilic gilvocarcin-type drugs: (i) inactivation of gilMT
(presumably the methyltransferase responsible for the intro-
duction of both O-methyl groups in 10- and 12-position), (ii)
inactivation of gilE (the 4,6-dehydratase catalyzing the first
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deoxygenation step in deoxysugar biosynthesis), and (iii)
inactivation of gilU (or gilR, one of which is probably the
ketoreductase of the sugar pathway). The experimental pro-
cedure will be analogous to the above-described examples.
Without intending to be bound by theory, we expect that the
first experiment should yield unmethylated GV, the second
might yield a D-glucose analog of GV, and the third might
yield a GV-analog with a keto sugar, which often is found as
the hydrate form. All anticipated derivatives should be sig-
nificantly more hydrophilic than the parent drug. Also, com-

24

To determine anticancer therapeutic uses of gilvocarcin, its
analogs and derivatives thereof, a compound derived from the
host-vector recombinant production system is assayed as
drugs against selected cancers or diseases in vitro and in vivo.
Initially gilvocarcin and gilvocarcin analogs and derivatives
are screened against selected human skin, brain, leukemia
and prostate cancer cell lines, e.g., UACC-62, MALME-3M,
SK-MEL-5 (melanoma), SF-268, SNB-75, U251 (brain
tumors), CCRF-CEM, K-562, MOLT-4 (leukemia), and

binations of these mutations, e.g. a gilMT/gilE-double 10 PC-3, DU-145 (proste}te). To gau initial toxicity data on
. : - . non-cancerous cells, similar experiments can be performed
mutant can be envisaged, if the previous experiments are . o
using normal epithelial and fibroblast cell cultures, purchased
successful. .
from ATCC or Clonetics.
Deterrmpmg GII,V ocarcin Therapeutic Indl.catlons The MTT assay, which measures the reduction of 3-(4,5-
The g.llvoca.rcms, its analogs and. d.er v atlves.ther eof, of the ;5 dimethylthiazol-2-y1)-2,5-diphenyl-2H tetrazolium bromide
present invention are useful as antibiotics, antitumor agents, . . .
: .. . (MTT) by mitochondrial succinate dehydrogenase to an
immunosuppressants, antivirals and neuroprotective agents. ‘nsolubl lored. duct. is perf d di
Considering the fact that gilvocarcins are quite lipophilic 1ns§ U %CS ore d, %mazar(lipro uct, 1s periormed according
compounds making them good candidates to pass the blood- to described stan ard procedures.
brain barrier (BBB), brain tumors may be treatable by tar- The SRB assay is a rapid and sensitive method to measure
geted submission of light (e.g., through fiber optics) after drug-mduced cytotoxicity. It measures the uptake of SUIfOF'
gilvocarcin chemotherapy. This would cause only few sys- ~ hodamin B (SRB), which is dependent on the cellular protein
temic side effects due to the absence of light elsewhere. This ~ quantities, and is performed in 96-well microtiter plates
is attractive, since brain tumor surgery is often impossible. according to the protocol published by Boyd et al. (NCI). See
Targeted submission of light through fiber optics after gilvo- also, Skehan, P. et al. New colorimetric cytotoxicity assay for
carcin chemotherapy may be also an attractive treatment of 25 anticancer-drug screening. Journal of the National Cancer
prostate cancer. A more selective systemic treatment of leu- Institute. 82:1107-12 (1990).
kemia might be possible with photoactivatable drugs like Although illustrative embodiments of the present invention
gilvocarcin V, since blood can be channeled outside the have been described in detail, it is to be understood that the
human body, where it is light exposed, while no major side present invention is not limited to those precise embodiments,
effects will occur inside the body due to the exclusion oflight. 30 and that various changes and modifications can be effected
Also treatment of proliferative eye diseases, such as glau- therein by one skilled in the art without departing from the
coma, may be another future application of gilvocarcin-type scope and spirit of the invention as defined by the appended
anticancer drugs. claims.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 16
<210> SEQ ID NO 1
<211> LENGTH: 33825
<212> TYPE: DNA
<213> ORGANISM: Streptomyces griseoflavus
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (802)..(4068)
<223> OTHER INFORMATION: ORF1l encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (4308)..(5198)
<223> OTHER INFORMATION: ORF2 encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (5417)..(6052)
<223> OTHER INFORMATION: ORF3 encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (6576) ..(7769)
<223> OTHER INFORMATION: ORF4 encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (7777)..(9261)
<223> OTHER INFORMATION: ORF5 encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (9261)..(10001)
<223> OTHER INFORMATION: ORF6 encoded on the complement of SEQ ID NO:1
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10020)..(11513)
<223> OTHER INFORMATION: ORF7 encoded on the complement of SEQ ID NO:1
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<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>
<220>
<221>
<222>
<223>

<400>

OTHER INFORMATION: ORF8 encoded on the complement of SEQ ID NO:1

OTHER INFORMATION: ORF9 encoded by the complement of SEQ ID NO:1

OTHER INFORMATION: ORF10 encoded by the complement of SEQ ID NO:1

FEATURE:

NAME/KEY: misc_feature
LOCATION: (11513)..(12196)
FEATURE:

NAME/KEY: misc_feature
LOCATION: (12354) .. (13424)
FEATURE:

NAME/KEY: misc_feature
LOCATION: (13814) .. (15466)
FEATURE:

NAME/KEY: CDS

LOCATION: (15619) .. (16641)

OTHER INFORMATION: ORFI11
FEATURE:
NAME/KEY: misc_feature

OTHER INFORMATION: ORF12 encoded by the complement of SEQ ID NO:1

OTHER INFORMATION: ORF13 encoded by the complement of SEQ ID NO:1

LOCATION: (16690)..(17697
FEATURE:

NAME/KEY: misc_feature
LOCATION: (17697)..(18761)
FEATURE:

NAME/KEY: CDS

LOCATION: (18938)..(19576)

OTHER INFORMATION: ORF14
FEATURE:

NAME/KEY: CDS

LOCATION: (19892) .. (21391
OTHER INFORMATION: ORF15
FEATURE:

NAME/KEY: CDS

LOCATION: (21736)..(22992)
OTHER INFORMATION: ORF17
FEATURE:

NAME/KEY: CDS

LOCATION: (24183)..(24449)
OTHER INFORMATION: ORF19
FEATURE:

NAME/KEY: CDS

LOCATION: (25241).. (26188
OTHER INFORMATION: ORF21
FEATURE:

NAME/KEY: CDS

LOCATION: (26200) .. (27552)
OTHER INFORMATION: ORF22
FEATURE:

NAME/KEY: CDS

LOCATION: (28501) .. (29517
OTHER INFORMATION: ORF24
FEATURE:

NAME/KEY: CDS

LOCATION: (30206)..(32239)
OTHER INFORMATION: ORF25
FEATURE:

NAME/KEY: CDS

LOCATION: (32379)..(33392)
OTHER INFORMATION: ORF26

SEQUENCE: 1

ctgcagatce ccaaggtecat cegecgegece

gtegecgacyg ccgaccagat ggaaccgagg

ctgatggagg tggccggecg ggagggegac

tceggegace gegeccagge caagetegece

ggcgacggee tgaagaacct cgccgegete

gtcgacgagg ccgceccgege cggcegaggag

acctgecege ccgeegteeg cccgacggac

geccaggagg agcecgggece agceggeccga

geegtegecy

gtgctggegyg

ctctaccagt

gtceteggeyg

aggcgecget

ggcegteteyg

gacgceggcegy

cegtgggece

accccggety

ccatcteeey

cggtgtecga

cecgtetacgyg

tcceccaagge

tacggacctyg

aggaggcecegy

cggaggccga

gegectegte

cgaccecgge

cegegectte

ccagacctee

ggtggectac

gCtgggCCgC

catccegece

ggceegeceg

60

120

180

240

300

360

420

480
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tgggtccegyg gctacgecte gaccgacgee cgegeceggg gecgettege ccegcaactte 540
gtggtccagg gcagegecge cgactgggece ctgetgetge tegeggeget geggaggacyg 600
ctgageggca tggeggecga actggtette ttecagecacg acgaggtgat cgtgcactge 660
ccegaggagyg aggcggegac ggtggeggag gegatcegge agtecgecga cctegecgge 720
cggctgacgt teggaccgac cccegtgege ttecegttea cgacggeggt cgtggagtge 780
tacgccgacyg ccaagtgate agetegeegg ccgggcaceg gecacgagte cgegcaacte 840
ctccaccacg geccgetegt cegtgecgte cagegeggeg agegecgace gecactgete 900
gegegecteg cccaccegee cecgetegeg cagcagcaga cegtactggt ggegggecag 960
accaccggtyg tageggtegg ctegggegte cgegeggege agcagttegg cgcactegge 1020
gteggecegg ceggegtgee ccagcagecg cagggcegege accaggccga geegggtetg 1080
ggactcteeg tgccagtcecge cgtgccegge gaggatgcge aggctctect cgaagtgegg 1140
cagggeggeyg gecggttecac ccagecggag gtgggegtag cegatgttge agtgggegga 1200
gtgccgcacyg atcaccgete cgatgeggte cccgatcacg agegagegeco ggtgetggte 1260
gatcgcegeg cgcggatcgg tgtgctegta caggttgceg aggtggctga gggtgacggce 1320
ctecgecegtag gggteggeca actgcecgcga gtgggtgagg ctcectgceccgeca gtgeccgete 1380
cgacteegeg taccggecga geccttegag cagcagecee cggtggttga gggegegecg 1440
gatccaggag acggctcecga gecgecgeca gatctcecage gegeggtegyg tgagggegag 1500
ggcctegecyg gtgcgaccgg tcaggaagtyg cagccccgee agatcgecca goegegeacge 1560
cteggeggee tegtoccega gocgeogege caccegeagg gecgeecgee cgagcaccte 1620
cagctegggyg acccggecge cgegcaggag gtaggggtgg agcaggegga ggagtacgge 1680
gatgtggacg tcgtgacgge cccggtcacce gecccegeeg gtgecctceac cggegtaceg 1740
cccgacgagyg gtgacgatgt tcetecagete ceggtegece caggcgaagg ccgeccecege 1800
gtegtegaac gggggtacgg acgcgacgtyg ageggtgtge cegggegget gggacggggt 1860
cgggcggcegg cggtegtect ggtecggggcee gggttcgacg atcgecggtga gggcgegtte 1920
ggcgacggeg gegtaccage gcagggeggt cteggegggg tgctegegeyg tgecggtecyg 1980
agggceggeg tectegeggg gtgeggegte ctegeggggt geggcatect cgeggagtac 2040
ggcctecteg cggggtgegg cgcectegeyg gggtgeggeg cectegegga gtacggegec 2100
ctegeggagt acggegecct cgeggagtac ggegeccteg cggagtacgg catcctegeg 2160
gagtacggca tcctegegga gtacggegte ctegeggagt geggegtect cgeggggege 2220
ggtctgegga ccegecgeeg ctegggeteg ttegegggeg aagtcacgga ccaggtegtyg 2280
ggggacgtag cggccgtacg cggtctecte cacgagggee acgtcgacga geeggtecag 2340
cgeggectee geceggegtt cgeeggtgee ggtgagecgg gegageageg gegegecegta 2400
ggcgggcagyg tcgagegege cgatgeggca cagggcegagg goeggegtege ggteegtetce 2460
acggtceggag acggtgageg cgtegtgege gacggecage gageggegea cgetgaggte 2520
gtcgtactee aggtgcggca accggctgtce ggtggcggag agctgaccgg cgaggtegte 2580
gggegtgagg geccggegeg cggegagecg ggcecgegace accegcaggyg ccageggaag 2640
ceggecggty agegegacga goegggtgece ggegecgaga cegtceecgge cggagaccege 2700
ccgcageagyg geggcactgt cctegtegga cagegggeeg agegggacac ggacggcace 2760
gtcgagegty gtgageggeg aacggcetggt gacgatcace geacagecegyg gtecgeccgg 2820
cagcagegge cgcacctgeg cggegteege ggegtegtece agcaccagga gggtgegggt 2880
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gggcgegage agegagegca gcagggegge ggcecgegtee ggecgttegyg ggacggegea 2940
gggcteggtg cccaggtege gcaggagage gctgagggec tgggceggggg tgaggggggt 3000
catgccgggg gtcecgtgcegt gcaggttgac gtagagctga ccgtcgacga aacgttcecgce 3060
cagtgtgtgt gcgacctgga cggcgagcgce gctcecttecce acaccagcgg taccgctgac 3120
gacgacggca gggggcccegg cggegggceeyg gggggcacgg gtgagcacac ggatcagetc 3180
gtceegecace gegtecegee cggtgaagtyg agcaggcegeg ggcggcagtt gegeeggect 3240
gggcggcaca ccgceccecte ctgeggecte cgegcaccga cegtgetect geegetecec 3300
ctgecccege agcaccteca cgtgggecte gegeacccee ggecceggtt cgacgecgag 3360
ttegteegee aggcgggecoe gcagatceeg gtggaccace agegectecg cctgacggece 3420
ggtgcggtge agcgcgagca tcagctgacg gtggtacgac tcccgcagceg gatgttegge 3480
ggccagtgee gecagttcegg gcacgagate ggccaggege tegecgecca gggecagtte 3540
ggegtegtac cgeccactcca ggagcagcag ccgegecteg cgcagecgeco gcaccaggge 3600
gtagcegece actteegggg gcatcecegge cagegggtte ccccgecaca gegegagege 3660
ggeggegeac tcgegegeca cecgetecca gtecegggeg gtgtgegegyg cgegggegge 3720
tgcggtgtge gegtcgaaga cctggacgtce cacctcegecce tcetceccacce gcagcagata 3780
tceggtggge acggtgagea gecggecegg gtegtegage ageegecgca accgggegac 3840
gtgattgtge agcgagggca gegeggagac gggceggcegea ccgecccaca gggegtectt 3900
cagcgecteg acggacacga cccgeccgge gtegageage aacgcgacga acagegcacg 3960
gagtttggga cttccggtca cctggacgga cccgggggeg tegggcccect cgeccgtegta 4020
cagcaccggt gttcccagea gtecgaacceg cagtecgege cgtgtcacge cgcaccactg 4080
cctteegggt gaccgaacgg acaaccaatg gccttatgtt agcgatccgt tggcaaagtce 4140
tgatgtgatc actacatcgg atccggecccg ggggtgcgeg cgtagaacgce gcagctceggg 4200
ggagtgtcege cgecgeggee cggtcegcac acgagggtte ceggteggac agaggtgaac 4260
ggcegggecece tegttetett ctgeccgecge gttcegecctt cgggtcagat gacgggeggce 4320
cgtecgagee gggtgageceg ccacaccgte cgecagegea tggecegecg ctecceggec 4380
ggctceegea geccctecge gaaaccgccg aaccaggcege gcageccctyg gaccgaccga 4440
gtcegeagea gggtgagcag gacccacacce ccgaggtgca cggggatcag cgegagegge 4500
agccgecgee gggecageca gacceggttyg cgggegttea cecggaagta gatcgegtge 4560
cgggeeggeg aggtettggg gtgctggage agecaggtegg gegegtagag gatgegecac 4620
cecegegtegyg cggcacgeca ggcgaggteg gtetectegt gegegaagaa gaacgegecg 4680
ggccagtege cgatctegte gagcatcgac atccgcageg cgtgeccgeco cccgaggaac 4740
ccggtgacgt acccgcccett catcgggtcee gectttecga gecggggcac gtgeccgetge 4800
tgcgtetece ccagetegte ggegateegg aagecgacga cgecgagecg gtegtecegece 4860
gegtacaact cccccacceg gegcagcaca teggegteca ccagcagacce gtegtegtec 4920
agttcgacga cgacgtccac gtccccgaac tcecgeagec getegatece cacgttecege 4980
cegeceggge agcecgaggtt cteegecage tegacggtgg tgacctcace gggcagggac 5040
agcegeeggyg cgaacteggg cagcggacag ccgtteccca cgatcacgat ccecgegeggge 5100
gecacgtect gettegecac ggactccage agegegtceca ccteggeegyg ccggttecee 5160
atggtcacga cggcgacgge gatcctegge gtecccatge cetcacceca ctcecaccegg 5220
ctgcteeget gacgggcgat gctaaccgtt cacggtgagg acgcatgcat gacacccacce 5280
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accgeggegt actcegeccee cgecccacac gaacaggaca cacgtgtece tggtgetege 5340
ceggggacga cceggagggge cecgtgegge agecgeggece ggcetgecgea cgggggecgg 5400
gagcggtege cggtcagegg gtggtgacga aggggctctg gtgegtgtge ggggtggtga 5460
gttcgtcgag catggcgatce gcgaggtege ggcgegtcegt ccatgcecegt ccgecgggaa 5520
ggtcggeggt gaccegecage tegtegeceyg ggegtgecte gtegetgage cgggegggac 5580
gcatgaccgt ccactccagg tcgegggctce cggtgaggat gtectcecatg cggegcatgt 5640
ccgegtacag ggtcegeceg gggecgttge geaggatgece gtagaccgge cgetgecate 5700
gecacceegee ccgggtgace ggatgtgtca ggccggeget cacgacgacce aggegectga 5760
cgtecgeege gegeatceceg tecacgacgg ccegggegga cgecgagtag accgtgaceg 5820
gectcecagga gtacggeget cccaggcagyg acaggacgge gteggegecce ttgaacacgg 5880
acgtcatgtc cgcgacgtcc gtgacgtccg ccgtttecac ggtcagecte tecccececggag 5940
tgaccgaacce cggacgecgg acgacggega cgacgtecatg gecggecgca caggcecaggg 6000
ccgtcacctg cegtecggte gggccgettg caccgagcac tgctacttte atgecgtcete 6060
cagacgatgc gcggacgatg tacggacgca tgcggacgat gtgcgtcgtg cggtggtcega 6120
gaaggtgcce cggteggege cectteccgaa cgacgeccca tegtaggagt cgeggegecc 6180
ggccecegggt ccgaggecgt gggcaccegte gagaacagge cgcccgggeyg gggeegttge 6240
ggegggegee acggageggg agegegggeyg gcacgeogee ggetcecegeco cgegtteceg 6300
ggcggcacge cgccaccect caggaggage cctgecgege cgtecgegeyg gacgttgegg 6360
gggcegtect ggecagtteg agggcegecca tcggacagga ccggatcaac cgetecacct 6420
gecggacate gecgaacceg teggeegece ccegcetgagac ggtgatcetge tgetegggge 6480
tgcggaagac ggccctggac aacccctege actgttegtg caactegeac cgecggecgt 6540
cgatcctgac caccgtcacg tectcgacgg gctcaggcag ttcecgtceccatg gaacgtcaca 6600
tcecatectet cgatcccecgeg gatggtgttg tgcagcectece aggtecggcte ceccaccteg 6660
atcctgtega cgtgacggac cagegectee aggaggetet gecectccag gegggacagg 6720
gectgacega cgcaggegtg gataccegtge ccgaaaccga cgtgetggge cgegecctge 6780
cgggcegacgt cgaaggacte cgggtectte cagaaccget cgtcacggtt ggecgaacceg 6840
aagaggagga ggacgcgcga tcegegggge agegeggete cgeccagete cgtgtecteg 6900
gegacgtage gggtgaacce gegcagegge gattccagee ggatgatcte gttgaaggec 6960
gacgagacca gggaggggtc ctcccgcaga cggegecact ggtectggtyg cgtgecgage 7020
agccacagca tgctggagag cgcgetgacyg gacgtgteca tggacgggge gaggaagtca 7080
ccgagcagtce cgggcagcag cttgtcectceg atcttgeect cgcecgggcecte cgagacgagt 7140
tcggcaccee agcteccegg acgcagattg cegggetgtg acatceggtyg gaggaacteg 7200
cccatetege cgagcagegg caggccggece cgegteeggt cgttcagggg accgaaggeg 7260
ttgaatcecgg cgctggccca cteccaggage ctttecttece cectegeccte cggecatcece 7320
agcagatcgg gcaccacgge cagcgggaag gcgaccgega agtectggac ggegtcgaac 7380
gacttceggyg cgacgaggtce ceggacaaga cggtccgecce aggacgtgac gtaccegttg 7440
atgtcggeca tcgegegggg ctteaggtgg cgggecacga gecccegeac gtaggegtgg 7500
tacggcgggt cgctggtgaa gctactgcece ttetgcecgect tgttcagggt gtecggtcaga 7560
ccgacgeoct cgecggacac gaacgtgecg tggeggtgea gggecgegta cacctegteg 7620
tagcegggegyg cgcagtgecac ctggtgegee gtcaggtaca ccaccggtge cgegtegege 7680
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agcgcaccgt acagggggta cgggtceggtt atcgacgegt cecgtgtacgg atcgagatcg 7740
aggtggggga tcgtcgatgt ggagatcacc gcttcatcect ttceccgegcga ggaggtette 7800
gatcagegge accatgecca cggecgtegyg cgeggtegeg cectgeteeg ccagteteceg 7860
ggcectggag gagtaggacg gatccccgag catctecttg accacctgeg tgatcgecte 7920
cggggtgeccce tectegeggt agagcegtcecceg cgcgcacccg tagtccgtga ggtgcettcag 7980
cctegggacg aaggcctega aggggttgag gatcagetge ggagtcgceceg tgttgatggce 8040
gttgatggcc gtcagtccge ccgecggatg gatgatcacce tcacaggtcg ggaggatggce 8100
ctccageggyg atccagecgg cgegcaceeg ggggtactte tectgeagee getgecccte 8160
cgectegeeg atggecacga cgacctegac ctegagetece agcageccett cgacgatgge 8220
cgagatgegyg tccategege cggggaagge gtaccggaag ctteccatceg tcaggcacac 8280
gcgeecggeg tecggagecg tcagcatcca cggctecgate geccgcetgca tgttgtgegg 8340
ggtccagege atgaaggtge cggtcgecce gaccaggeceg ggcgggcaga tgtcgatctt 8400
cagtgagggg tcgggcagtg cgtccgagce gatcctggece agctecgtceeg ccatctecte 8460
gaggaggtac tcctegtage cgccgacgte gaacaggtcce caggactgec ggacgaaggg 8520
gatgccgagg aaccgggcegg cgatctegge accegtgtece tggetcecceg cgatcaggac 8580
gtecggegece cacgtceeggg cgacgtccac caggtegteg aagacgtgge ttecctgacg 8640
cccgaaccag tggcccaggt agggcatcte ctgttecggge cggtgggggt actcgatcegce 8700
cggcttgeeg cecggeggecg ccttgatgcet cteggtegtg tgccceccggg ccaccgggag 8760
ggacggcaga ccgatgcecgg tgacggegee ggacatctee tcegaaggacyg ccaccaggac 8820
gtegtgeceyg gacaaccgga gtgccgagge gaggggteeg atggegaacyg cgetggecgg 8880
gctegtgecee geggcegtaga agagggcectt cacgcggcege cctcecccecgtga ccggtceectt 8940
gtcgegttee gecgaagtagg cctecttcag geccacggte tcegaagtcga tgacggcgag 9000
geccgaggte agcagacgac tcgaacgcag ctcccggace aggtccaggt agttgtecat 9060
ctcgtcecgaag cccaggatga agaaactctce cgectcacgg ccgtacttga tggcgcgcac 9120
cggtgttatc tcccecgcecee gettcacgaa ggcgccgatg ctggggaaga cgtgctegtg 9180
ttcgaccegtg atgcgctegt cgagggacaa ctegtaccac ggggtgaggt agttgacgac 9240
aaggacggcg gcgaacttca tgccgggcte tcecgateggg ttgcctgcgg acgcagtacg 9300
gcatgcatgt gccagatgtg ggagacgacg ttcccggctt cgtccaccat ctgggcggceyg 9360
aggttgtcgg tgggggcgtt cacctcgaag gtcecgcgggt cgaccatctg cgcgacggcece 9420
tceggeggca gegagetgtyg gtaccgegte gectecgatca cecttgatgte ccagteggeg 9480
ccgaacgect ccegeaacte cggtteggag atgeggegeg gacccgggta gtegggggte 9540
agctcectteg agaaggtgaa caggtgcagce tcggcccect ccecttgcacag ggtccgcagg 9600
agctcegtgt agcgcggcac ctectectge ggcagcegtgt ggaagaaggce getgtccagg 9660
acggegtegt accggacacce ggactecgeg aggeggaagg cgteggtcac ctggaagteg 9720
acgctcacge cgtggteceg ggecttgteg cgeccgeact ggacggegac ctecgagatg 9780
tcgaccegegyg agacccgeag ccecccgggaa gecaggtaga gegegttgte tcecegagecceg 9840
cagcccagat cgagcacgtg cecgeggaag ccgecgegat cacagatege gegtacggece 9900
ggctgcggge cgccgatgtt ccacggcatg agggggcctg acttcteccecce gtectggtag 9960
agcttctecga aggggatctt ctececgtgetg ccececgttggca tcgagecgceca ctectetcag 10020
agtcctatgg acatgctgtg atggaaggtg ttcaaggggt cccacgcgeg cttcecgecgac 10080
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cgcagacggg cgtagttgtce cttgtagtac aggtggtgce agggctcccce ggageggttg 10140
cgggcegggt ccaggagatce cgcgtegggg tagttgatgt agcageccgte cgtgeggcecg 10200
ccggtgacgg gcacccectee cgtgeceggeg aagaactcect cgtagagccce gegcagccag 10260
ccgaggtgca gctcegtcecag ctceccgegtee tgccaggecg agaaccagga cgacttcacg 10320
acggagtccce gectgggggac ggcggcegtcee gacggcccce gccggttgat ctcecteccceg 10380
tagctgttga acatgacgta cgaggcctgg ccggggtggt cggcegtgcag gtgcceggtgg 10440
agcaccgaga gctgctcegte ggtgggtgcece gcgeggtggt aggceggactt ggaggceggag 10500
cgggcgecca tgacgtcacce gcagteggcece tgactcatgt agecgggttece ggtgagccag 10560
ctcatgacac cccctecgggg gatgcccacce acgecggtge ccteggtcag ggacgcgacyg 10620
aaccgcgcga ggatctcegece cteggggtee acgtcggegt cctgctggac catcagectge 10680
aggacgcccg agctgacgtg gttcacgaag aaggtggcga acagcgagga ctccggcgac 10740
cceggetegg agtggegtte atgccactceg aagaaacgtce tcatcacagt gacgaaggac 10800
gtctegtega tcatggccca ggggaacacce accttcectgga cgtgcagtcg geccecggceggeg 10860
cggggcaggce cgacgggttce cgtggcgagg tgctccggge tgcggaactce gtacgecgtg 10920
accacgccga agttgccgec geccaccgcecg gtgtgtgece agaagagctce accgagatcg 10980
ccggtgtegt cggcectege cgtcacgagg cgaacggtge gggactcecgtce gacgacggeg 11040
acctccaccg cgtgcaggtg gtcgaccacce agccccagct ggcgcgacag cggcccgtaa 11100
ccacctecgg cgaccaggcec geccatgeceg accgcggage aggccccgag cggcagggee 11160
gcgtteccace ggcggaacag ggecttetgg acctggtcga ccecgtcecgcacce ggaaccgacg 11220
cgcaccecgg cgcecgteege ggccgggcecg atggcatgga ggttgtgcag gtccaggacg 11280
aggtccegge gecggcgtgece gacgaagtcece tggccgcagt gaccgecgga ccggcaggeg 11340
acccceegece ctteecgtgac ggcecttetge agggaggcga cgacgtcegte cggcgtggeg 11400
gggaggaaga actcctcggg ctcegacgacg aaccggtggt tgtccgagtg cgacagttcg 11460
atgtaccgcg ggtcectcecgeg geccaccgtg aacggcggta cggaagcggt cacgacgcegt 11520
acccctegac cgactgggtg aacacggtcet cgtaggtgtt ggactcccecge gaggtcagca 11580
gcgecttgee gegtgegege atctcecceggt cgtgegecgg gegttectee tecgggcatgg 11640
cgtggaacgce ctcgtaggag gecgcegtcegt cccactggge gtagttgatg accatgtege 11700
cgtcgagege cctgaggatg ctgtgggacce ggtaccecggg cacctgceccge atccagtegt 11760
ccggcettete cagcagggac acgagctcege cctggtectt ggggtcecgcac cccatcagga 11820
cgatgacggt caggtcccecce cggteceggge cgatctecegt gegggeggca ccgtectteg 11880
tctggacgga caccaccteg gtcecttcagca ggtgcaccga cgtggtgagt tcecggtgaagt 11940
aggggaccgt gttgtgcttg aagttcectccce cctegtaccg ctecectcagg tegttgateg 12000
accgccactg tatgtagttg gecgcacagg gcctcecgecac ccceccegegtge agggtcecgacg 12060
accgccatce cgggtagtte gegttegega tgatgcecgeg catggegtece aggagggtceg 12120
cctgettete cgagtcggtyg gtgttgaaca ggttgaacac ggtcagggag ccgttetcgg 12180
gctcgatgat cggcatgagg ccttceccatga ggtgteggac ggccccggag ggceceggcetgt 12240
ggctgatggg ttctgaccte ggtgacgacg aggacgcggg cggccggctce tccecgggecge 12300
ccggaccgece tgtcecgggatg cccgecgcac accecggeccg gcggccggceg tcaccggetg 12360
cggggagagce ccggtgtacce ggtctcecccee gagaccttee ttecttcgac gacggactgg 12420
agtcecggege ggctgaccece gaccagcetceg atcccgacct cggccatcag gagccecggaac 12480
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tcetecacgg tgcgetgttt gecttegcac aggaggagca tgtccatgte catgagggag 12540
atcgecettgt cecgcecgtgte gtccaggccee gccacagect ccacgacggce gatgtgegee 12600
ccetegtgea tggectceege gatgttectg aggatgagac gggaacggcece gtecgteccag 12660
tcgtgcagca cgttggagat catgaacagg tcgctgcccg acggaacgcce gtcgaagaag 12720
gagcecggact tcaccgtgac gcggtgggec accgccgcegt ccgacagctce cggcagggac 12780
cgcgacacga cgtccggetyg gtcgaagagg acgccggtca tcecteggggtg cttgecggage 12840
acggcggcca gcagcgceccece cctceccecceg cccacgtegg tgacactget gaaccgggag 12900
aagtcgaacg cctcgatcac gggctggatg acgcgcttgg acagttcggt catggeccgag 12960
ttgaagacgg ccgcggtgtce gggatccgac tccatgaact cccacacgcece cgaaccgtge 13020
atcgcggcga agggagagceg gcecggtgcege accgcggtgg ccaggtgggce ccaggtegeg 13080
cgttecggecg tcgacccecegt ccaccgegeg aagttgcegca tggagecgtce gtcecggaggee 13140
agggcceceggce ccagctcecegt cagctcecage gtgtcegtget cgeccctecg cagcageccece 13200
acggaggcgce cggcgcggaa gaagcgctcece gcecggtgtegt gcectceccaacce cagccggace 13260
gccagttgtyg cgggcegtcag cccegeccggeg geccaggccgt cggcecacgcece cagttceccgeg 13320
aacgtgctga cgacaccggce gcgccagcect cccatcagga ggtcgaggat ctgcacageg 13380
acgggtgcecg acgggggcag cgatcccgat gcagtaatgg tcatgatgtce ccttecgactg 13440
gtggacatgc ggggaggtga ggcaccgctg caagggcagt tcgctctcga acacactttg 13500
ttegtgatge ctcaccggeg ctaggtatcce tcatgggatg gtcccgggaa gcagegectg 13560
aactgcgcag agtgctgceg gacgggagcg gatcgccege ccgcactcetg cggctggtgg 13620
aacggacgac cgtgcggagce cgggccggca cggtccggtg gaagggcggce cctgeggtga 13680
tcegggegge ccgcecccegt getcecceeggeg tceccacgete cgtaggcecgeg ggacgecgga 13740
cacctcatga tcccgacgac ggccctgtgg ggtecggecg gcgacggggce getcecctegag 13800
gagcgcggtyg ctacttecgceg tccacgtegg cttectegge ceccgcegggga gecgttcectece 13860
cteccccactg ctgggcecgtece cecttgggee gcgggatgag gaaggtcgece agcatcccga 13920
gcgeccageag cgcggcgcag gtgtagecgt tgatctggat cgcgtacgac atggegtcege 13980
gggcggcgte ggcggcggcee gcegtgteeg ggttetcact cagtccggag atcatcgege 14040
cggcgcetgte ggagaccgec gacgacagct cgttcgecte cggcegegggce gtccectggt 14100
cgacgagccg gtcggacagg tcggagtcca gtgecgtgaa gaaggtcgac gtcagaatcg 14160
cgatgccgag cgcggaaccg agctggegtg cggcgctcetg gatgccggat cectggecgg 14220
cgtgecegegg cggcacgtec gecaggacga cgttggtgac ctgcgecgta gcgaacccga 14280
ctcccatgee gtacaggaag agggcgatgce cgatgaccca ccactgcgag tcgctgctgg 14340
ccagcagacc gaacatcagc agaccgacgg cctcgaggac gaggccgatg cgcaccagece 14400
cgatggggcce gacgttcteg gecatgeccga agctcgcace gctcegcgaag aagctgccga 14460
ccgcgacgac gaagacgatc agtccggtcet ggagcaccga gtaccccage gtgtactgga 14520
gccacagggg gagaacggcg agcatgcecga actccgccag cgcgatgatc agegtcgcecga 14580
tgttgcececgt gectgaaggac ttgatgccga acagcgaggt gtccatcage ggcgecegtge 14640
cgtccacceg ggtgagcegg acctggcgcet gcaggaacag ccccaggcac accacggaga 14700
cgaccagggc gaccgggatg accgacagct ccaccgggtce gccgaaggga ccgaagctcet 14760
tgcgegggte ccaccageceg tagttgegge cctcecgatcag cgcgaaggcg agaagtccga 14820
ggcccagcecac cgacagcacg ccgcecgacgg cgtcgacctt gececggectge gecgggggact 14880
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ggtccaggaa cttcatgacg cccgcgatga tcagcaccac gacgaagatg ttgatgccga 14940
acgcccaccg ccaggagaac tcggcgagcece agccgceccag gagcegggcecg accgeggcegg 15000
ccgcaccgat cgtggaccece cagatggcga aggccttgee ccggtegget ccccggaagg 15060
acatgttgag cagggcgagc gaggtcggca tgatgatcge gccgccgacg cecctgggcga 15120
accggetgge gatcaggagt tcecccecggagg gcgccagggce ggcggcgatg ctcecgecagee 15180
cgaacaccac ggtgccgatg aggaacagcc ggcgtgctcece caccacgtcce gacagacgcece 15240
ccatcaccag cagcagagcg gccaggatga tcgcgtagga ctectggatce cactgggcge 15300
cgaaggccga gatctcgagg tcegtcgatga tcggcggcat caccacgttg acgatggtga 15360
agtccacgac caccagcgac acaccgagag aaatggcgag caagcccagce caggggtcce 15420
ggttggcegyg tgaggaccga gttggattgt cagacactgce gttcatcegt cctatgtgac 15480
acacatggcce cagttgggtc gecgggggceg agacaagggg dtagggcggg ggagectcce 15540
gccececggeg caatggcact atgacaggag aagaggacgg attctgacct ctactgacac 15600
cgatccggag ggcaattce ttg atc gcc aac cgc acg ttg gaa ctc ctc agce 15651
Leu Ile Ala Asn Arg Thr Leu Glu Leu Leu Ser
1 5 10
ctg tta cag acc cag agg gag tgg acc ggt gac ggg ctg gcc gag cgg 15699
Leu Leu Gln Thr Gln Arg Glu Trp Thr Gly Asp Gly Leu Ala Glu Arg
15 20 25
ctg ggt gtg tcc ccg cgg acc gtc cgg cgc gac atc aac cga ctc cgce 15747
Leu Gly Val Ser Pro Arg Thr Val Arg Arg Asp Ile Asn Arg Leu Arg
30 35 40
gag ctg ggc tac ccc gtc acg gcg acg aaa ggc ccc tec gge tece tac 15795
Glu Leu Gly Tyr Pro Val Thr Ala Thr Lys Gly Pro Ser Gly Ser Tyr
45 50 55
cgg ctg tce cgc gga gcg cgt ctt cct cce ctg ata gtc gac gac gag 15843
Arg Leu Ser Arg Gly Ala Arg Leu Pro Pro Leu Ile Val Asp Asp Glu
60 65 70 75
cag gcc ctce gecc ate gce ctg tcece ctg cag acce geg ccg gece teg gtg 15891
Gln Ala Leu Ala Ile Ala Leu Ser Leu Gln Thr Ala Pro Ala Ser Val
80 85 90
acc ggc atg gga gac gcc acc aaa cgt gcg ctg aac tcc atc cag gaa 15939
Thr Gly Met Gly Asp Ala Thr Lys Arg Ala Leu Asn Ser Ile Gln Glu
95 100 105
ctg ttg cca cct cat ctg gce cac cgg ctc gee acc tte tcece gte gaa 15987
Leu Leu Pro Pro His Leu Ala His Arg Leu Ala Thr Phe Ser Val Glu
110 115 120
cag atc gag aac gcg tgg gaa ctc gct ccg ccg cag gtc gac ccc tec 16035
Gln Ile Glu Asn Ala Trp Glu Leu Ala Pro Pro Gln Val Asp Pro Ser
125 130 135
ctg ctc gca cag ctc age agce gcc gcc cag cag c¢gt gac ctc gtg agg 16083
Leu Leu Ala Gln Leu Ser Ser Ala Ala Gln Gln Arg Asp Leu Val Arg
140 145 150 155
ttec tce tac cgc tce ate cac cac gac tcg atg cag gac ggg gag gtc 16131
Phe Ser Tyr Arg Ser Ile His His Asp Ser Met Gln Asp Gly Glu Val
160 165 170
ctg gcc gaa ccc cac cgg ctce gtc gtc tgg tcg gga cgce tgg tac ctg 16179
Leu Ala Glu Pro His Arg Leu Val Val Trp Ser Gly Arg Trp Tyr Leu
175 180 185
gtg gcc tac gac cag cag ¢gg agc tca tgg cac gec tac cgg gtc gac 16227
Val Ala Tyr Asp Gln Gln Arg Ser Ser Trp His Ala Tyr Arg Val Asp
190 195 200
cge atc aag gat ctg gcg ccc acc gcce tgg cge tte ggce gag cgg gag 16275
Arg Ile Lys Asp Leu Ala Pro Thr Ala Trp Arg Phe Gly Glu Arg Glu

205

210

215
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ggt cce gac
Gly Pro Asp
220

ggt gac acc
Gly Asp Thr

tgt ccc geg
Cys Pro Ala

gag gcg gtc

Glu Ala Val
270

tgg tcg geg

Trp Ser Ala

285

gte gag ggt

Val Glu Gly

300

cte atc gac

Leu Ile Asp

agc cge aca
Ser Arg Thr
cceegeaceyg
gcagcggtte
tggcgaaatc
agtagcgect
cgcacgecte
tgttgtagac
cgtegatgtyg
cctegaggag
agttgttgga
cgacgaggte
tcteeggeca
agacgccgeg
ccacgttegt
cggcgaagtg
agacatcgec
ggttgccgge
ggcecgagcag
tecctegtgge
ggecgecegge
cacgeggegy
ggactcgatce
cegegtgttyg
cgectegate

geecttggeyg

gag gac atc acc cgc
Glu Asp Ile Thr Arg
225

ccg gac acc tgg ccce
Pro Asp Thr Trp Pro

240

tcg ctg gtg gcg aag
Ser Leu Val Ala Lys

255

gac gac agg gtc acc
Asp Asp Arg Val Thr

275

cte ate gge tte ctg
Leu Ile Gly Phe Leu

290

ccg cec gaa cte gtc
Pro Pro Glu Leu Val
305

gtec ggg att ceg tcg
Val Gly Ile Pro Ser

320

cce gge cee teg gee
Pro Gly Pro Ser Ala

335

cggggaaccyg

ccaccagtee

cttgcggggc

gtegtgtece

caggagcagt

ctegeegggt

cagccagteg

gegegtgatg

gcagcgggtc

dgeggeggcec

cgaaccgtag

geegegtecy

geggacgaac

cacgatctgg

ctggacgagg

ataggtcagt

ggtgcggacyg

ggtcatgacyg

acaccggegyg

acccectgga

cggcagteceyg

gegecgatca

gtgacctgge

ccctecagea

cegggteage
cggttetece
tcgtagecca
ttgcggtegg
gacaccagtt
ctgeectteg
cggacgttga
aacagcggga
acccggacgt
ttcgaggeeyg
gggatcgage
tggtggcgea
teggegecee
tegtgetegy
cggaaccegyg
ttgtcgagca
tagtgggage
agatacgcac
cgggggtcac
cegtggeccee
ccgetatega
cggecggeca
cgatgaccte

cggeceggtt

ttc gta cag
Phe Val Gln
230

tgc tgg ggc
Cys Trp Gly
245

tgg gcc ccg
Trp Ala Pro
260

cgg atc cag
Arg Ile Gln

atc acc ttc
Ile Thr Phe

gcece gceg geg
Ala Ala Ala
310

cac gac ccc
His Asp Pro
325

aac cag ccc
Asn Gln Pro

acc gtc ctg
Thr Val Leu

gga gtg gcg
Gly Val Ala
265

atg ggc gcg
Met Gly Ala
280

agt tgc cgce
Ser Cys Arg
295

cgg agg gtg
Arg Arg Val

ctc gcog gag
Leu Ala Glu

gat cgc
Asp Arg
235

atg gag
Met Glu
250

agt ttc
Ser Phe

tgg tecg
Trp Ser

ttc acc
Phe Thr

atg ggc
Met Gly
315

ceg teg
Pro Ser
330

ggce cgg tgacgccegtyg gecgeggcac

Gly Arg
340

ggaccgecty
ggtaccagga
getecagggt
cgacgtactce
cecctgttggt
tgcggaccag
gecegtecee
tcagcttete
cgaggccgtg
cgtagggcga
cgtacaccte
gegecgegte
ccaggatcga
cgaccagecg
ggtgggcacg
cggtgatgcg
cgatgaagec
ctegetgtygyg
ctcgacgtte
ggcgaggacg
cgtggacggg
cacgatcege
getgtecgeyg

gacctecage

tcccageteg

gacggtctee

gatcttggeg

caccgactee

gagctcggtg

ttcgatgece

gtacageggy

ggggaagtgg

ggtgcggtgyg

actgggtgac

gtccgtggag

gagcaggacc

cecggtecacy

gtccacgace

gaccgggtcg

gaccceggeg

ggcaccaccg

tccecgagga

cgcccgatca

atggagaact

ccgacgtagyg

gatccgegga

tcgacatage

atgtcgatga

gegegetgece
gegaggeegg
cagtccaccy
cagccggece
cecgecgecga
tggacgtggt
acggtgcgge
tgatggcegt
tgggcgaggg
agcgggtgceg
acctggacga
tgcgttecege
tgcgacteeyg
geggegtege
aggttggecg
ggccegtgeg
gtgacgagga
ccagceggty
gggaactcte
cgatcteget
agccggtgat
tcteggegee
cgtegacceeyg

cgtteeceggt

16323

16371

16419

16467

16515

16563

16611

16661

16721

16781

16841

16901

16961

17021

17081

17141

17201

17261

17321

17381

17441

17501

17561

17621

17681

17741

17801

17861

17921

17981

18041

18101
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gtcecttecag taaccggaaa tggtggtgga gcggacgteg tacccgtggt cgatgagcecca 18161
ctgcagggcg tecggtgatct ccagctegece gcecgtgcggac ggctcgatce ceccggacgge 18221
ctegtgcace acggaggtga acaggaagac gccgaccagg gccaggtcege tgcgeggage 18281
ggcecggctte tectecageg ccaccgectt ceccgtegteg tcecgagttcga cgacaccgaa 18341
ggcgetgggyg teggcecacct tggtcaggag gatgtgegtg tcegggccgge tctegeggaa 18401
cceggecacg agatccgega taccgceccac gatgaagttg tctcecgaggt acatgacgaa 18461
gtcgtegteg ccgaggaact cccgggcegat caggacggca tgggcgagac cgagcggcege 18521
cgectgecgt atgtaggtga cgtccagacce gaaggcggag ccgtecgceccga ccgcectgetg 18581
gatctecggeg gecgtgtcecce cgacgacgat gceccgaccteg gtgatgecctg cctecgcecgat 18641
cgcctecaac ccgtagaaga gcacgggcett gttggctacg gggacgaget gettggegta 18701
ggaatgggtyg atgggcctca ggcgggttcecce ggccccgceeg gacagtacga gagecttcat 18761
ggcggcgcag tctaggceggg cggggaaaca tctcaatcgg cccggcagceg cacggatgte 18821
tggaaacaac ggtcggtaga ggtcaggaac tgacctctac cgctcataat ctggccgcte 18881
ccetetecee ggagatcage ttcgagagcet cggtccectac cgaaggagcg aaacag atg 18940
Met
atc agg atc gcc gte atce ctc gga agc acg cgt ccc ggce cgc cgc ggyg 18988
Ile Arg Ile Ala Val Ile Leu Gly Ser Thr Arg Pro Gly Arg Arg Gly
345 350 355
gce gtg gtg gece caa tgg gtc gec gag gtce gec geg cgg cat ccc gcg 19036
Ala Val Val Ala Gln Trp Val Ala Glu Val Ala Ala Arg His Pro Ala
360 365 370
gcg gtg atg ggc gag gcg gag ttc gag ctg gtc gac ctg gcg gag tac 19084
Ala Val Met Gly Glu Ala Glu Phe Glu Leu Val Asp Leu Ala Glu Tyr
375 380 385 390
ggc ctc ccg ttg ctc gac gag ccc gtg ccg geg atg tte gge cag tac 19132
Gly Leu Pro Leu Leu Asp Glu Pro Val Pro Ala Met Phe Gly Gln Tyr
395 400 405
cag aag gag gag acc cgg c¢gg tgg gcc gcc gee atc gge tceg tte gac 19180
Gln Lys Glu Glu Thr Arg Arg Trp Ala Ala Ala Ile Gly Ser Phe Asp
410 415 420
gga ttc gtc ttec gtc acg ccg gag tac aac cac tecg gtg ccec gece gcg 19228
Gly Phe Val Phe Val Thr Pro Glu Tyr Asn His Ser Val Pro Ala Ala
425 430 435
ctg aag aac gcc atc gac cac ctc ttc gecec gag tgg acc gac aag gcg 19276
Leu Lys Asn Ala Ile Asp His Leu Phe Ala Glu Trp Thr Asp Lys Ala
440 445 450
gce ggg tte gte age tac ggce gtg cac ggg gga acc cgt gcc gtc gag 19324
Ala Gly Phe Val Ser Tyr Gly Val His Gly Gly Thr Arg Ala Val Glu
455 460 465 470
cac ctg cgg ctg gce ctg gcc gag gtg aag gtg gcc ggg gtg cgc agce 19372
His Leu Arg Leu Ala Leu Ala Glu Val Lys Val Ala Gly Val Arg Ser
475 480 485
cag gtc gtc ctg tcg gtg ttc aac gac ttc gac tac acg gga tgc gac 19420
Gln Val Val Leu Ser Val Phe Asn Asp Phe Asp Tyr Thr Gly Cys Asp
490 495 500
atg acg gac ccg acg gcc atg ggc cgg ttc acg ccg gga ccg cag cag 19468
Met Thr Asp Pro Thr Ala Met Gly Arg Phe Thr Pro Gly Pro Gln Gln
505 510 515
gag cag acg gtg aac acg atg ctg gac gag gtc gtc gec tgg tcg acg 19516
Glu Gln Thr Val Asn Thr Met Leu Asp Glu Val Val Ala Trp Ser Thr

520

525

530
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geg cte aag ccg ctg cgt act get geg ace get gag geg gac ggce cgg
Ala Leu Lys Pro Leu Arg Thr Ala Ala Thr Ala Glu Ala Asp Gly Arg
535 540

545

550

gee gtg teg gtg tgacgcaccyg gtecgeccge cggacccect ggtgaacgtg

Ala Val Ser Val

ctggtcacgyg ccectegtge

ggcgagegtyg gecegecacge

cgagtggett gttacgtgec

ggtcagtega gttcccctte

acttcggeeyg tgcgacteeg

gtacgctacyg
cgcgggtggg
cggggcgacyg
gataacacgg

agcatcgtga

agggccegtga ccagcacgtt
cggeggecage acgcceggecag
gegecggagg gggacgegece
atatcccece gtectcactt
gegge atg acg ttg cac

Met Thr Leu His
555

cgectgtacy
gaccgatege
gaaaaaaacc
cgggtgacct
gee gea

Ala Ala
560

gaa
Glu

aca
Thr

ctyg
Leu

gge
Gly

gge
Gly
625

cte
Leu

cag
Gln

gag
Glu

cece
Pro

cag
Gln
705

tte
Phe

gta
Val

cece
Pro

gge
Gly

cgg
Arg
785

gece
Ala

ggt
Gly

gtg
Val

ttc
Phe
610

cgt
Arg

agc
Ser

tac
Tyr

ctyg
Leu

act
Thr
690

ace
Thr

gte
Val

cag
Gln

ttc
Phe

gac
Asp
770

ccg
Pro

ata
Ile

cte
Leu

ate
Ile
595

acg
Thr

ttc
Phe

ate
Ile

ccg
Pro

gga
Gly
675

gge
Gly

gte
Val

cge
Arg

atg
Met

999
Gly
755

999
Gly

cag
Gln

ccg
Pro

atg
Met
580

gac
Asp

gtg
Val

cag
Gln

aag
Lys

cag
Gln
660

gta
Val

ace
Thr

gac
Asp

gag
Glu

cte
Leu
740

gte

Val

acg
Thr

gge
Gly

tca
Ser
565

cte
Leu

gecg
Ala

agg
Arg

gga
Gly

gge
Gly
645

tecc
Ser

ceg
Pro

999
Gly

gece
Ala

gecg
Ala
725

cte

Leu

aag
Lys

gaa
Glu

act
Thr

cac
His

gge
Gly

ctyg
Leu

acg
Thr

cte
Leu
630

gat
Asp

aag
Lys

gtg
Val

tac
Tyr

gac
Asp
710

ate
Ile

ggt
Gly

cac
His

cge
Arg

cece
Pro
790

gta
Val

gece
Ala

ceg
Pro

ctyg
Leu
615

gece
Ala

cac
His

acce
Thr

cgg
Arg

cge
Arg
695

tac
Tyr

gge
Gly

gat
Asp

gaa
Glu

gte
Val
775

gte
Val

ccg
Pro

gag
Glu

agc
Ser
600

gag
Glu

ccg
Pro

cte
Leu

gaa
Glu

cge
Arg
680

tgce
Cys

gtg
Val

atg
Met

ctyg
Leu

aag
Lys
760

atc

Ile

acg
Thr

gtt ctc
Val Leu
570

ctg gcg
Leu Ala
585

ccg agce
Pro Ser

atc ttc
Ile Phe

gtg ccc
Val Pro

tce agce
Ser Ser
650

cag gtc
Gln Val
665

ccg tgg
Pro Trp

gtg ctc
Val Leu

gte ggce
Val Gly

ccg acc
Pro Thr
730

¢gc dga
Arg Gly
745

ggce atg
Gly Met

gtc tgt
Val Cys

cac gac
His Asp

gte
Val

cte
Leu

gga
Gly

aag
Lys

gga
Gly
635

tcg
Ser

cte
Leu

acyg
Thr

agc
Ser

tge
Cys
715

aag
Lys

tge
Cys

gte
Val

gac
Asp

gag
Glu
795

gtg
Val

cac
His

cag
Gln

cag
Gln
620

gte
Val

atg
Met

gece
Ala

ctyg
Leu

gge
Gly
700

gac
Asp

cge
Arg

ggt
Gly

atg
Met

tte
Phe
780

ate
Ile

gga
Gly

gge
Gly

tecc
Ser
605

cge
Arg

cat
His

cge
Arg

gece
Ala

acg
Thr
685

ceg
Pro

gga
Gly

act
Thr

ctyg
Leu

tecc
Ser
765

acc

Thr

aag
Lys

gece
Ala

agc
Ser
590

cgg
Arg

gge
Gly

ttc
Phe

ccg
Pro

tgg
Trp
670

tce
Ser

gece
Ala

gecg
Ala

cce
Pro

cce
Pro
750

gca

Ala

cag
Gln

gece
Ala

gge
Gly
575

cgg
Arg

gece
Ala

ate
Ile

gece
Ala

gece
Ala
655

gece
Ala

atg
Met

999
Gly

999
Gly

cca
Pro
735

gac

Asp

ccg
Pro

ccg
Pro

gece
Ala

ccg
Pro

ccg
Pro

ctyg
Leu

ctyg
Leu

gge
Gly
640

aac
Asn

gag
Glu

gag
Glu

cag
Gln

agc
Ser
720

tce
Ser

gaa
Glu

ctyg
Leu

atg
Met

tac
Tyr
800

19564

19616

19676

19736

19796

19856

19909

19957

20005

20053

20101

20149

20197

20245

20293

20341

20389

20437

20485

20533

20581

20629
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gag cag gtc gtc ggc agc ccc ctg gcg gac ggc gaa tgt cte tgg gcg 20677
Glu Gln Val Val Gly Ser Pro Leu Ala Asp Gly Glu Cys Leu Trp Ala
805 810 815
agc tcg tte tcg gac gcg tee tcece cte gtg gag tecce tac cgg tee ggt 20725
Ser Ser Phe Ser Asp Ala Ser Ser Leu Val Glu Ser Tyr Arg Ser Gly
820 825 830
cgt gcg ctg cte gte gge gac acg gcg cac acc cat ctc ccc gee ggce 20773
Arg Ala Leu Leu Val Gly Asp Thr Ala His Thr His Leu Pro Ala Gly
835 840 845
ggg cag ggc atg aac gtc tcg ata cag gac gcg gtg aac gtc ggc tgg 20821
Gly Gln Gly Met Asn Val Ser Ile Gln Asp Ala Val Asn Val Gly Trp
850 855 860
aag ctc gcg ctg gtg age cag ggc cgc gcg c¢cg gac acc ctg ctg gac 20869
Lys Leu Ala Leu Val Ser Gln Gly Arg Ala Pro Asp Thr Leu Leu Asp
865 870 875 880
acc tac cac gcc gag cgg tac ccg gtc ggc agg gaa ctg ctg ctc aac 20917
Thr Tyr His Ala Glu Arg Tyr Pro Val Gly Arg Glu Leu Leu Leu Asn
885 890 895
acc gce gcece cag gge cag gte tte ctg cgce gge c¢cg gaa gtg gac ccg 20965
Thr Ala Ala Gln Gly Gln Val Phe Leu Arg Gly Pro Glu Val Asp Pro
900 905 910
ctg cgc gag gtc ctg cgg cga ctg ctg aac atc c¢gg gag gtg tcc gtce 21013
Leu Arg Glu Val Leu Arg Arg Leu Leu Asn Ile Arg Glu Val Ser Val
915 920 925
ctg ctg gcc gac gga gtc agc gga ctg gac atc cgc tac gac atg ggc 21061
Leu Leu Ala Asp Gly Val Ser Gly Leu Asp Ile Arg Tyr Asp Met Gly
930 935 940
ctc ccg gaa gca ccg cca ccc acg ggt gaa c¢gg ctg ccg ccg gac gtg 21109
Leu Pro Glu Ala Pro Pro Pro Thr Gly Glu Arg Leu Pro Pro Asp Val
945 950 955 960
ttec cac gtc gtc ggg acc ggc ggc gac gcc gtcec gag gag ttg cgg cac 21157
Phe His Val Val Gly Thr Gly Gly Asp Ala Val Glu Glu Leu Arg His
965 970 975
ggc gcc get ctg ctg atc gte ccg tee cece gac age ccg gcg tece teg 21205
Gly Ala Ala Leu Leu Ile Val Pro Ser Pro Asp Ser Pro Ala Ser Ser
980 985 990
ctg gtc gect ccg tgg c¢gg gac cag dgtg cge gte gtg cac geg cge ccc 21253
Leu Val Ala Pro Trp Arg Asp Gln Val Arg Val Val His Ala Arg Pro
995 1000 1005
acg gac c¢cg gac tgg ggc ggg gag ccg gcc geg teg teg cac tgg 21298
Thr Asp Pro Asp Trp Gly Gly Glu Pro Ala Ala Ser Ser His Trp
1010 1015 1020
ttc gta cga ccg gac gga cac atc gcg tgg gcg ggc acc gaa tte 21343
Phe Val Arg Pro Asp Gly His Ile Ala Trp Ala Gly Thr Glu Phe
1025 1030 1035
agc gag ttg agc gce tca ctg age cgce tgg cte ggt cag ccc gec 21388
Ser Glu Leu Ser Ala Ser Leu Ser Arg Trp Leu Gly Gln Pro Ala
1040 1045 1050
gcg taaccagagg aggaagaacce cttgttcage tcectctcateg tcegeccggat 21441
Ala
ggacaccggce cacgccgaag cggtggcecga cgtcttegec ggcttcecgacg ccaccgacat 21501
gccegegegyg atgggcacge ggcegccgcga actctteccge taccgceggece tctactteca 21561
ccteccaggac ttcgagaccce ccgacgggac cgaagcggtce gaggcggcca agtccgacce 21621
gcggttcate cgggtgagca acgacctcag geccctacatce gaggcectacg cceccggactg 21681
gcaatcaccg aaggacgcca tggcagagcg cttctatcac tggagttcga aacg atg 21738
Met

1055
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agc cgc agg gtc tte atc acc ggg gtc ggt gte gte gcg ccg gga 21783
Ser Arg Arg Val Phe 1Ile Thr Gly Val Gly Val Val Ala Pro Gly

1060 1065 1070
gce gte gga cgt gac ccc tte tgg gag ctg ctg acc caa ggg cgc 21828
Ala Val Gly Arg Asp Pro Phe Trp Glu Leu Leu Thr Gln Gly Arg

1075 1080 1085
acg gcc acc cgc ¢gg cte agce cte tge gac ccg gag cce tte cgg 21873
Thr Ala Thr Arg Arg Leu Ser Leu Cys Asp Pro Glu Pro Phe Arg

1090 1095 1100
tce cag gtg gece gcg gag gcc gac tte gac gcc gag gcg gcg ggg 21918
Ser Gln Val Ala Ala Glu Ala Asp Phe Asp Ala Glu Ala Ala Gly

1105 1110 1115
ctg tcg gag ¢gg cag tee gecg gaa ctg gac c¢gg gcg gcg cag tte 21963
Leu Ser Glu Arg Gln Ser Ala Glu Leu Asp Arg Ala Ala Gln Phe

1120 1125 1130
gce ctg gte gee gee  cgt gaa geg gtc gag gac gcg gca tgg tece 22008
Ala Leu Val Ala Ala Arg Glu Ala Val Glu Asp Ala Ala Trp Ser

1135 1140 1145
gag aca tgt cct ccc gaa c¢gc gcc gga gtg atc gtg ggt tcg gece 22053
Glu Thr Cys Pro Pro Glu Arg Ala Gly Val 1Ile Val Gly Ser Ala

1150 1155 1160
gtc gga gcc acg acc aag ctc gag gag gtc tac cgg cag ctc agce 22098
Val Gly Ala Thr Thr Lys Leu Glu Glu Val Tyr Arg Gln Leu Ser

1165 1170 1175
cgt gac ggc tcc cte tgg gac gtg gce ccc gac tce cce gee gag 22143
Arg Asp Gly Ser Leu Trp Asp Val Ala Pro Asp Ser Pro Ala Glu

1180 1185 1190
ctg tac tcg tac tte gtg ccc age tcg tte gee tee gge atce gca 22188
Leu Tyr Ser Tyr Phe Val Pro Ser Ser Phe Ala Ser Gly Ile Ala

1195 1200 1205
cac gac ctc ggc gtc acg ggg cag agce ggc dgtce gtg tcg acc ggg 22233
His Asp Leu Gly Val Thr Gly Gln Ser Gly Val Val Ser Thr Gly

1210 1215 1220
tgc acc tcc ggg atc gac tce gtc ggce aac gec tgg gaa ctg atce 22278
Cys Thr Ser Gly Ile Asp Ser Val Gly Asn Ala Trp Glu Leu Ile

1225 1230 1235
cag agc ggc atc ctg gac tce gceec gte tge ggt gec acc gac gcc 22323
Gln Ser Gly Ile Leu Asp Ser Ala Val Cys Gly Ala Thr Asp Ala

1240 1245 1250
cce ate tcg ccc ate acc gtc gce tge tte gac acg atc aag gcg 22368
Pro Ile Ser Pro Ile Thr Val Ala Cys Phe Asp Thr Ile Lys Ala

1255 1260 1265
aca tcg acg tac aac gac acc c¢ccg gag agc gec tca cgg ccg tte 22413
Thr Ser Thr Tyr Asn Asp Thr Pro Glu Ser Ala Ser Arg Pro Phe

1270 1275 1280
gac gcc aca ¢gg ggc ggce tte gtc ctc ggce gag ggc agc gcg atg 22458
Asp Ala Thr Arg Gly Gly Phe Val Leu Gly Glu Gly Ser Ala Met

1285 1290 1295
ttc gte ctec gaa tcg gag gaa tce gtec cac cgt cge ggce gca cgc 22503
Phe Val Leu Glu Ser Glu Glu Ser Val His Arg Arg Gly Ala Arg

1300 1305 1310
gtc tac ggc gag atc cgc ggce tac gcg age cgce tgce aac gcc tac 22548
Val Tyr Gly Glu Ile Arg Gly Tyr Ala Ser Arg Cys Asn Ala Tyr

1315 1320 1325
cac atg acc ggt ctc aag gcc gac gga cgc gag ctg gcg gag gcc 22593
His Met Thr Gly Leu Lys Ala Asp Gly Arg Glu Leu Ala Glu Ala

1330 1335 1340
gtc gtc tece get cte gge cag gca ggc gtg gac ccg ggc c¢gg cte 22638
Val Val Ser Ala Leu Gly Gln Ala Gly Val Asp Pro Gly Arg Leu

1345 1350 1355
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gac tac gtc
Asp Tyr Val

cac gag acc
His Glu Thr

gac gtg ccg
Asp Val Pro

gge gce atc
Gly Ala Ile

¢gg gac gac
Arg Asp Asp

ccg gaa cte

aac gcc
Asn Ala
1360

gcece gcg
Ala Ala
1375

atc agt
Ile Ser
1390

ggg tcg
Gly Ser
1405

gtg atc
Val Ile
1420

gat ctg

Pro Glu Leu Asp Leu

ccg acc aac

1435

agc gtg

Pro Thr Asn Ser Val

cag agc gcc
Gln Ser Ala

catcaccgge

cctectegac

caaccccatce

geeggecace

cagcggtgte

cgcggggggt

gtacgtcage

catcecggeac

cgacgegatce

gtcggtggac

cteggeatcee

ggtcaacgge

ggngthtC

CgtCnggCg

ggtgttecgee

cgaggtette

gggctgceggy

gattcccece

cgccacacac

cteggececetyg

acc atg gac gat ctc agg cga

1450
atg gtt
Met Val

1465

atcgacatcg
ggatgcageg
agcggggagy
gaccggatga
gacacgagcce
tacgcgtteg
acccatcagt
ggctgccagyg
tcecttegecy
agcacgatgt
accgacgege
gaaggcggceg
ggtcacggtg
atccaccteg
gacgeggecg
gggccggatt
acggccgeac
accgtcaacyg

caccccectea

atcgtcggga

cac ggc agc
His Gly Ser

ctg aag tcg
Leu Lys Ser

tceg atc aag
Ser Ile Lys

ttg gag atc
Leu Glu Ile

ccg ccg acg
Pro Pro Thr

gac tac gtg
Asp Tyr Val

ctec acg acc
Leu Thr Thr

cte acg gac
Leu Thr Asp

tctececeget
gtctgaggge
tgccccactt
cccagatgte
gggtcgacce
ggcagaagga
cctacgectyg
gccacagegyg
ccegeegtet
gtcectgggy
gggccgegta
cgcacctegt
cgaccatgga
cgcteggege
gcacceggga
cegteccegt
tcgacgtege
tccaggecga
ccaacgtect

aatgagagaa

ggce acg aag cag aac
Gly Thr Lys Gln Asn

1365

tece cte gga cece gec
Ser Leu Gly Pro Ala

1380

teg atg atc gge cat
Ser Met 1Ile Gly His

1395

gee gee  tge gee ctg
Ala Ala Cys Ala Leu

1410

gee aat ctc acc cgg
Ala Asn Leu Thr Arg

1425

ceg gte  cac geg cgc
Pro Val His Ala Arg

1440

gga agc ggc tte ggt
Gly Ser Gly Phe Gly

1455

ceg gag cat cac teca
Pro Glu His His Ser

1470

gggectgtee

gacgcagtcg

cgececceggag

getggtegee

ccteggagte

getgcagaac

gttctacgeyg

agtgatcgte

dgcgegegge

gegggtegeg

cctteegtte

getgcagace

cgatceccege

ggcgeggetyg

ggcggacace

caccgegecc

gacggeggtyg

cgegteccty

ggtectggee

ggagcaagga

cgcgaggaac
ttcgactcca

ggcetgecca

geggegggygg

ggtgtcatga

ctgtggteca

gtcaacaccg

gcggacgacg

aaccgegtea

cacacctega

gacgcacgag

cacagtgacyg

gecgeccegg

cgecececeggeyg

gecgaggecg

aaggcggcga

ctecgeectee

ggggtcaacc

cggggcgtcg

atg tcc g

Met Ser A
1475

gee cte gag gag ggc tecc

Thr Met Asp Asp Leu Arg Arg Ala Leu Glu Glu Gly Ser

1480

1485

1490

gac cgc
Asp Arg
1370
gcc cac
Ala His
1385
teg ctg
Ser Leu
1400

gcg ctg
Ala Leu
1415
ccg gat
Pro Asp
1430
aag cag
Lys Gln
1445

ggg ttt
Gly Phe
1460

tgaccgcaca

actggaaggce
gcaggtacga
agcggetget
cgttcgacga
cggegtecac
aggggceccag
gtcagatcte
ceggeggget
tgctcacegy
ceggeatget
ccaacgggty
gecegetacge
gecacgggect
acatcagtgt
cegeectege
ceggecggat
gcgaccagac
tgtgcagegt
gtgggttcaa
ca cge gte

la Arg Val

ggt gtc
Gly Val

22683

22728

22773

22818

22863

22908

22953

23002

23062

23122

23182

23242

23302

23362

23422

23482

23542

23602

23662

23722

23782

23842

23902

23962

24022

24082

24142

24197

24242
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gac gag ggc gtc gat
Asp Glu Gly Val Asp

1495

tece gag ctg ggg tac
Ser Glu Leu Gly Tyr

1510

cge cte  gge cge gag
Arg Leu Gly Arg Glu

1525

gce gac ctc gac acg
Ala Asp Leu Asp Thr

1540

gee cte geg cgt cag
Ala Leu Ala Arg Gln

1555

ctggtcacceyg

ggccacaccyg

ctgteggage

gtgggcgatc

aacgcgggea

gtactgagca

ggcatcggcg

ggagttctge

geggtgggea

gtggagacce

gaggccgagy

gacgaggtcg

caggcgttca

geggttecag
tcacgatctyg
agggtgcacc
tggtcegega
ggaacggagg
ccaacctega
aggtggacca
tggcegecce
aggagctgge
cgatggecte
tgctgteege
cctegetggt

acgtgtgegg

gat ccg gct cge aca
Asp Pro Ala Arg Thr

1565

gece gac gcg gtg tac
Ala Asp Ala Val Tyr

1580

cag atg ttc gaa ccg
Gln Met Phe Glu Pro

1595

ggg aac agg cag acg
Gly Asn Arg Gln Thr

1610

cece  aag gee tgg gte
Pro Lys Ala Trp Val

1625

acc atc cge tte geg
Thr Ile Arg Phe Ala

1640

atg tcc gge geg tgg
Met Ser Gly Ala Trp

1655

c¢gg dgtc gaa ctc acg
Arg Val Glu Leu Thr

1670

ctt gac acc
Leu Asp Thr
1500

gac tce ctg

Asp Ser Leu
1515

aac gac atc

Asn Asp Ile
1530

cct cag  cag

Pro Gln Gln
1545

gcg gcg gea
Ala Ala Ala
1560

cggcatagga
cggtegtgac
cgtcaccteg
ggccgtggag
cggecggace
cagegtttte
cgceeggatce
gtactecegee
cectecagggy
acgggtccgg
cttegaggey
cgagtacctce
cggectegge
gac ctg cac
Asp Leu His
1570
cge  cgt ctg
Arg Arg Leu
1585
acc atc cac
Thr Ile His
1600
atc cag ctg
Ile Gln Leu
1615
tce gag cgt

Ser Glu Arg
1630

cag acc gtc
Gln Thr Val
1645

cag gtg ctg
Gln Val Leu
1660

cac acc tac
His Thr Tyr
1675

gac ctc gaa acc atg
Asp Leu Glu Thr Met

1505

gcg gtg ctg gag acc
Ala Val Leu Glu Thr

1520

gag ctc gac gac tcg
Glu Leu Asp Asp Ser

1535

atg ctg gac gcg gtce
Met Leu Asp Ala Val

1550

gcg tte
Ala Phe

gge ctg
Gly Leu

gtg ttc
Val Phe

aac gat
Asn Asp

tcg tgacctetece cegteatgec

Ser

aagtcegteg

tccgaaagge

ctgatecgeeg

acgaacggtce

geggagetga

tacgtcacge

atcaacatcg

tccaagcacy

atcaccgtga

caggcctacyg

aagatccege

acgaccgaag

aacttctagg

cacggegect

tccagcagge

acgtcagcaa

cecctegggat

gegacgagcet

gggaggtget

cctecacege

gtgtecgtegg

acgcegtetyg

cagacgectyg

tcggeeggta

gagccgecte

agatgattca

tcec gec acg atc acc
Ser Ala Thr 1Ile Thr
1575

gag gac gtc ggg cag
Glu Asp Val Gly Gln
1590

ggce gcg gaa ctg gcc
Gly Ala Glu Leu Ala
1605

tgg gee acc gec aac
Trp Ala Thr Ala Asn
1620

gag ctc gac ccc gte
Glu Leu Asp Pro Val
1635

acc tcec tecg cce gte
Thr Ser Ser Pro Val
1650

cce ctg tee gag gac
Pro Leu Ser Glu Asp
1665

cgt geg gag aac gac
Arg Ala Glu Asn Asp
1680

ggccteggece
cgccaaggaa
geceegecag
cctegtcaac
gtggcgggag
ggceegtgge
ggggaagcag
cttcaccaag
ccegggetac
ggagaccacg
cagcacgece
gatcacggcet

c atg gcc
Met Ala

gge agce
Gly Ser

tgg tcc
Trp Ser

cgg gac
Arg Asp

gga gaa
Gly Glu

geg cge
Ala Arg

gcce gag
Ala Glu

acc tge
Thr Cys

teg gcg
Ser Ala

24287

24332

24377

24422

24469

24529

24589

24649

24709

24769

24829

24889

24949

25009

25069

25129

25189

25246

25291

25336

25381

25426

25471

25516

25561

25606
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gag tcg ctc aca tgg atc gce cga gcc gtg gag acc aac agc acg 25651
Glu Ser Leu Thr Trp Ile Ala Arg Ala Val Glu Thr Asn Ser Thr
1685 1690 1695
aag gag ctc tcg gcg cte aag ttc gce tge gaa c¢gg gac gcc gac 25696
Lys Glu Leu Ser Ala Leu Lys Phe Ala Cys Glu Arg Asp Ala Asp
1700 1705 1710
agc gag gcc agt ccec tte acc tte acc gat gecg dgtg gac acc acg 25741
Ser Glu Ala Ser Pro Phe Thr Phe Thr Asp Ala Val Asp Thr Thr
1715 1720 1725
gtc gac ccc gtc ctg ctg tte tecg tte ctg gac cgce ggt gag ctg 25786
Val Asp Pro Val Leu Leu Phe Ser Phe Leu Asp Arg Gly Glu Leu
1730 1735 1740
tgg gcg gga cgce ctg gag cac gtc gcc gag gec gag atg agg gag 25831
Trp Ala Gly Arg Leu Glu His Val Ala Glu Ala Glu Met Arg Glu
1745 1750 1755
tte tec gac gge ctg cag tte cte cgg atg cgg acg cgc acc ccg 25876
Phe Ser Asp Gly Leu Gln Phe Leu Arg Met Arg Thr Arg Thr Pro
1760 1765 1770
gac ggt gac acg cac gtc acc gag tcc tac c¢gg dJgtg tcg cag agce 25921
Asp Gly Asp Thr His Val Thr Glu Ser Tyr Arg Val Ser Gln Ser
1775 1780 1785
ccg gec cgg ctg ctg tac aag cag gtg acg ctg ccc gcg ctg ctg 25966
Pro Ala Arg Leu Leu Tyr Lys Gln Val Thr Leu Pro Ala Leu Leu
1790 1795 1800
tcg c¢tg cac acc ggce gag tgg acc atc acc ccg gec ggg gag agce 26011
Ser Leu His Thr Gly Glu Trp Thr Ile Thr Pro Ala Gly Glu Ser
1805 1810 1815
tgg c¢gg gtc acg tcg aag cac acc gtg gcg atc gat ccc gac gcg 26056
Trp Arg Val Thr Ser Lys His Thr Val Ala Ile Asp Pro Asp Ala
1820 1825 1830
gtg cac aag gtc ctc ggt gce gac gcg acg gtce teg gac gcc aag 26101
Val His Lys Val Leu Gly Ala Asp Ala Thr Val Ser Asp Ala Lys
1835 1840 1845
cgg ctc gee cgg cge aac ctg ggc aac aac agce ctg cgg acc ctce 26146
Arg Leu Ala Arg Arg Asn Leu Gly Asn Asn Ser Leu Arg Thr Leu
1850 1855 1860
gaa gca gcg gtc cgg tgg gcee ggce acc gece gtg teg cag agg 26188
Glu Ala Ala Val Arg Trp Ala Gly Thr Ala Val Ser Gln Arg
1865 1870 1875
tgagtgggga ¢ atg acg gag ccc gag acc tcg gac gtt ctc gte gte 26235

Met Thr Glu Pro Glu Thr Ser Asp Val Leu Val Val

1880 1885 1890
ggc gcc ggg ccc age gga ctg ctce ctg gee ggg atc ctce gee ggyg 26280
Gly Ala Gly Pro Ser Gly Leu Leu Leu Ala Gly Ile Leu Ala Gly

1895 1900 1905
gcg ggt geg cgg gtc acg gtg ctg gag gcg <cgg gac gcg ccc agce 26325
Ala Gly Ala Arg Val Thr Val Leu Glu Ala Arg Asp Ala Pro Ser

1910 1915 1920
ccg cag acc c¢gc gcc  tece acce ttg cac gce cgt gec agg gag atce 26370
Pro Gln Thr Arg Ala Ser Thr Leu His Ala Arg Ala Arg Glu Ile

1925 1930 1935
ctc gac cac cac gga dgtg gag ttc tce ccg gag ctg ccec tgg agt 26415
Leu Asp His His Gly Val Glu Phe Ser Pro Glu Leu Pro Trp Ser

1940 1945 1950
gce cac gga cac tac ggc ggc ctg cgce gtg gac ctc tec c¢gg gtce 26460

Ala His Gly His Tyr Gly Gly Leu Arg Val Asp Leu Ser Arg Val
1955 1960 1965
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gac tcc ggg cgg gcc ggt gte tgg aag tgce ccc cag ccg gaa ctg 26505
Asp Ser Gly Arg Ala Gly Val Trp Lys Cys Pro Gln Pro Glu Leu

1970 1975 1980
gta c¢gg acg ctg acc ggce tgg gcc cgc ggg cac ggc gcg cgg ctg 26550
Val Arg Thr Leu Thr Gly Trp Ala Arg Gly His Gly Ala Arg Leu

1985 1990 1995
ctec cac ggg gag cac dgtg gag tcc gtc cge gag cag ggc ggg cgc 26595
Leu His Gly Glu His Val Glu Ser Val Arg Glu Gln Gly Gly Arg

2000 2005 2010
tgt ctg gtg cgt acc c¢cgg gcc gge ace acg tte age ggg acc ctg 26640
Cys Leu Val Arg Thr Arg Ala Gly Thr Thr Phe Ser Gly Thr Leu

2015 2020 2025
ctg gtc gcg gcg gac ggce ¢gg ¢gg age acg dgtg cgg tcg ctg ctg 26685
Leu Val Ala Ala Asp Gly Arg Arg Ser Thr Val Arg Ser Leu Leu

2030 2035 2040
ggc atc ggg tgc ggg ggt gcg ccg gec acg cgce gta ctg gtg cag 26730
Gly Ile Gly Cys Gly Gly Ala Pro Ala Thr Arg Val Leu Val Gln

2045 2050 2055
gce gat gte cac ggc gac ggg ctg gcg ggg <cgg cgce ttc gag cga 26775
Ala Asp Val His Gly Asp Gly Leu Ala Gly Arg Arg Phe Glu Arg

2060 2065 2070
cac ggg cgg tac acc gtg acc gcc gca ccg atc age ccc ggg atce 26820
His Gly Arg Tyr Thr Val Thr Ala Ala Pro Ile Ser Pro Gly Ile

2075 2080 2085
acc cgg gtg atg ctg cac gat ccg cge tgg ccc gcg ggce gag gaa 26865
Thr Arg Val Met Leu His Asp Pro Arg Trp Pro Ala Gly Glu Glu

2090 2095 2100
cge acg ctg gag gac ctec cgt aga gcc tgg aag gag tcc acc ggc 26910
Arg Thr Leu Glu Asp Leu Arg Arg Ala Trp Lys Glu Ser Thr Gly

2105 2110 2115
gag acc ctg ccg gec gag ccg teg tgg tca c¢gg acc ttc agce gac 26955
Glu Thr Leu Pro Ala Glu Pro Ser Trp Ser Arg Thr Phe Ser Asp

2120 2125 2130
gac acg aca gtg gca cac ccg ctg gtc aag ggce cgt gtc gtg ctg 27000
Asp Thr Thr Val Ala His Pro Leu Val Lys Gly Arg Val Val Leu

2135 2140 2145
tgc ggc gac gcc gce cac ccc tte gte cce  atc gge gge cag gcg 27045
Cys Gly Asp Ala Ala His Pro Phe Val Pro Ile Gly Gly Gln Ala

2150 2155 2160
ctg aac acg tcg ttg atg gac gcc gag gcg ctg ggce tgg cgg gtce 27090
Leu Asn Thr Ser Leu Met Asp Ala Glu Ala Leu Gly Trp Arg Val

2165 2170 2175
ctg ggg tat ctg gac gac ggg gac cgg caa ggc cte ctec gac tac 27135
Leu Gly Tyr Leu Asp Asp Gly Asp Arg Gln Gly Leu Leu Asp Tyr

2180 2185 2190
cag gac gag c¢gg ttc tecg tgg ctg acce gtt cte gcg ggg aga ctg 27180
Gln Asp Glu Arg Phe Ser Trp Leu Thr Val Leu Ala Gly Arg Leu

2195 2200 2205
cgce gece cag gca c¢gt  ctg ctg tte gac acc gac gcg gcg gcc acg 27225
Arg Ala Gln Ala Arg Leu Leu Phe Asp Thr Asp Ala Ala Ala Thr

2210 2215 2220
gaa cgc aag gcg ctg gtc gee geg aga ¢tg gec ggg gac gcg gac 27270
Glu Arg Lys Ala Leu Val Ala Ala Arg Leu Ala Gly Asp Ala Asp

2225 2230 2235
tac cgg cgc agg atc gee gac gcc ctg gce ggt gte gac gtg tgce 27315
Tyr Arg Arg Arg Ile Ala Asp Ala Leu Ala Gly Val Asp Val Cys

2240 2245 2250
tac ctg acg ccc ggc ggce gcg gte cge ¢gg cgt ctg tcee cecg gece 27360
Tyr Leu Thr Pro Gly Gly Ala Val Arg Arg Arg Leu Ser Pro Ala

2255 2260 2265
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cgg ctc ¢gg gag acc gga dgtg aac ccc ggc gcece cge cge gtg cag 27405
Arg Leu Arg Glu Thr Gly Val Asn Pro Gly Ala Arg Arg Val Gln
2270 2275 2280
cgg gcg ctc gtc cce gac gac gga acg c¢gc acg gac gcc tgg atce 27450
Arg Ala Leu Val Pro Asp Asp Gly Thr Arg Thr Asp Ala Trp Ile
2285 2290 2295
cgt ccc gat cac cac tgg tac ccg gtg gcec cgce gac ggg gcc cgg 27495
Arg Pro Asp His His Trp Tyr Pro Val Ala Arg Asp Gly Ala Arg
2300 2305 2310
cag gac tgg gac gac gcg gtg cge cte cac gac gac ttg gaa ccc 27540
Gln Asp Trp Asp Asp Ala Val Arg Leu His Asp Asp Leu Glu Pro
2315 2320 2325
gag gtg acg cgg tgagagcgtt cctgttcccce ggtcagggga cccagaagat 27592
Glu Val Thr Arg
cggcatgggce acctacctgce gagaacggta cccccacctg atcgecgceccegt tgtggeggga 27652
ggcggacgac gtcctgggtt tccceccctcac cecgectcectge gaggaaggcece ccggcgagaa 27712
gctecegecac atgccggtca cccagcecge cgtcettectg tgcagttacg ccgegcectegt 27772
cgeccgegcecag gcgaacggceg cggagcecgga cgtcatcegeg ggccacagtce tgggcgagta 27832
cteggegetyg geggeggeceg gegtectcac ctggcaggag gtecttcage tegtecaccg 27892
ccgcggtcag ctcatggegg aggtgcagca caaggtggac gggaagatgg cggccgtcat 27952
cggtctegee atcgggcagg tcgaggagat ctgcgagcag gtgcggtccg agaccggtga 28012
ggtggtcgag gtggccaacc acaacgagcc cctccaggte gtegtetceccecg gccagtgege 28072
tgccatagac ctcctggtec agcgegtcecge gacggcgace gacgtccgca cgtcegtect 28132
gaggatcggt ggcccggcece actccagtcect catgggcage gtecgeggggg acttcgtgga 28192
gtacctcegg cgcttcgact tctgcacgcece caagacgatg ctgatctccecg ggtcgaccge 28252
cgagccectac gcgagtgcgg aggagatcag gcaccagctce ggcaggcagce tggtgcaccg 28312
ggtgcggtgg gtggacgtga tggcgcagct cgagaggctg ggggtcegcac agacctggga 28372
gctggggeceg ggcaaggtcee tctegggatt cgtacagcgg tegctgectce aggtgcggac 28432
gtaccgcgeg aatgatctge cgtecttect ggcececggegtyg acgggetggt gageccggtga 28492
agcacgca gtg ccg cat cag gca acc ggce gcc get cce gac gga ggg 28539
Val Pro His Gln Ala Thr Gly Ala Ala Pro Asp Gly Gly
2330 2335 2340
ggg tcec geg ccc cgg tee cte gtg ctg atg cte cce gge cag ggg 28584
Gly Ser Ala Pro Arg Ser Leu Val Leu Met Leu Pro Gly Gln Gly
2345 2350 2355
tcg cag ttce gcect gee atg gga gtc ccg cte tac gag tce gac gec 28629
Ser Gln Phe Ala Ala Met Gly Val Pro Leu Tyr Glu Ser Asp Ala
2360 2365 2370
cgg ttc agg aag gcg ctec gac gac ttec tte gac gcg ttce gge acc 28674
Arg Phe Arg Lys Ala Leu Asp Asp Phe Phe Asp Ala Phe Gly Thr
2375 2380 2385
ggt gcec gag c¢gg ctc cgg cgc gag tgg ctg cac ggt tecg gee cag 28719
Gly Ala Glu Arg Leu Arg Arg Glu Trp Leu His Gly Ser Ala Gln
2390 2395 2400
ggc atc gaa c¢gt ggg tcc ttc geg cag ccg atg ctg ttc gge cte 28764
Gly Ile Glu Arg Gly Ser Phe Ala Gln Pro Met Leu Phe Gly Leu
2405 2410 2415
gac tac gcg geg ggc gcg gtg tgg ctg gag gag ctc aag ggt gtce 28809
Asp Tyr Ala Ala Gly Ala Val Trp Leu Glu Glu Leu Lys Gly Val
2420 2425 2430
gac gtg acg c¢tg gtc ggt cac agc gtg ggce gag ctg gcg gceg gce 28854
Asp Val Thr Leu Val Gly His Ser Val Gly Glu Leu Ala Ala Ala

243

5

2440

2445
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acc cte gecg ggg gce tte gac cte gag ctg gecg ggg gca ctce ctg 28899
Thr Leu Ala Gly Ala Phe Asp Leu Glu Leu Ala Gly Ala Leu Leu

2450 2455 2460
gce gag ¢gg gec c¢gg cte ctc gac gec gee cce ¢gg gga ggg atg 28944
Ala Glu Arg Ala Arg Leu Leu Asp Ala Ala Pro Arg Gly Gly Met

2465 2470 2475
atc gcg tgc cgc gcog acg gag gag tcg ctg cgg gag cat ctc gac 28989
Ile Ala Cys Arg Ala Thr Glu Glu Ser Leu Arg Glu His Leu Asp

2480 2485 2490
gce ctg gge gga cgc gcc gtc atc geg gcg gag aac gcg gac aac 29034
Ala Leu Gly Gly Arg Ala Val Ile Ala Ala Glu Asn Ala Asp Asn

2495 2500 2505
cag tgc gtc gtg age tgt gece gag gaa gac ctc ccg gac acg atg 29079
Gln Cys Val Val Ser Cys Ala Glu Glu Asp Leu Pro Asp Thr Met

2510 2515 2520
cgg tac ctc ggce teg cac ggt gtg acg tgce ctg cge gtc gece teg 29124
Arg Tyr Leu Gly Ser His Gly Val Thr Cys Leu Arg Val Ala Ser

2525 2530 2535
acc gaa ccg tte cac tece cce cte cte gee cec gec goce  gec ¢gg 29169
Thr Glu Pro Phe His Ser Pro Leu Leu Ala Pro Ala Ala Ala Arg

2540 2545 2550
ttc gag gag ttc ctg gce cgg cgc ggt cat cgt ctg tce acg acg 29214
Phe Glu Glu Phe Leu Ala Arg Arg Gly His Arg Leu Ser Thr Thr

2555 2560 2565
gaa ctg ccc atg gtc tcg gee tac tcecg geg c¢gg agg atc  agc ggc 29259
Glu Leu Pro Met Val Ser Ala Tyr Ser Ala Arg Arg Ile Ser Gly

2570 2575 2580
cgg gag atc atg ccc gee teg tte tgg acg cgt cag atg get gag 29304
Arg Glu Ile Met Pro Ala Ser Phe Trp Thr Arg Gln Met Ala Glu

2585 2590 2595
aag gtg cgt ttc tgg gag gcg ctc cgce cac aac ttc gac tce ggt 29349
Lys Val Arg Phe Trp Glu Ala Leu Arg His Asn Phe Asp Ser Gly

2600 2605 2610
cce cge acg tte gtg gaa atc ggc cca ggg acc gte cte  tee ctg 29394
Pro Arg Thr Phe Val Glu Ile Gly Pro Gly Thr Val Leu Ser Leu

2615 2620 2625
gce gca ¢gt  cgg ctg ccg tece gta c¢gg gce c¢gg cgt tee acg gtg 29439
Ala Ala Arg Arg Leu Pro Ser Val Arg Ala Arg Arg Ser Thr Val

2630 2635 2640
atc tce acg atg ccg cgt cat cgg ccc cac ccg gag cac  tgg gaa 29484
Ile Ser Thr Met Pro Arg His Arg Pro His Pro Glu His Trp Glu

2645 2650 2655
tcg gee ata cat gag gtc gec gag gaa ttc tgt tgaccattgce 29527
Ser Ala Ile His Glu Val Ala Glu Glu Phe Cys

2660 2665
actacgtgca acgcgcaagg ccggccatgg gtgtcccecg agttecccggg aggcacccat 29587
ggccttgteg gtgaaatgtt caaccaaatg aaccacctcect cgagggcgcce ccggatcaaa 29647
gatgttcacc gatttgcata gtcgaaaaaa tacggacagc aacggaagcg gagtgttatc 29707
ctgcaatctg cacgcaacgg gggaaacggg ggaggattcce aagtgcagga cccggtggac 29767
cggacctecgg ggaactccag aggcgcaagce accgtcggac ccgagcagtce ccgcaaagac 29827
gcggggcact cctgtecgecg aagagggccce ggtaccgtca cgcagcagtt ttcecgeccgacce 29887
ctccaccatt tcttcaccgt cacgagatct cttecgggeccg acggggacca cacgggcaga 29947
gactgaagga ccggcgctceg acctegecgg ctceccecgecee tcecaccectt ceceegegttg 30007
ccectgaceg catgggcegge atcteggtge cgegtttett cecgegectgg cgcgagggga 30067
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gatctcccat caaggggggce ctttcaaggce cctctegect cgagggcacce gcacgccgaa 30127
gaccgatcac aaaagtatcc gaacggctcc gaccgaggtce atatctgaga ctgatcgaat 30187

atccaacggg gagatgtg atg ggt ttc atc cgg ttt gac gtt ctg gge ccg 30238
Met Gly Phe Ile Arg Phe Asp Val Leu Gly Pro

2670 2675

ctc agg gtc cgg tgc gac gac acc ctg ctt caa ttg acc ggg cgc 30283
Leu Arg Val Arg Cys Asp Asp Thr Leu Leu Gln Leu Thr Gly Arg

2680 2685 2690

aag tac cgc acc gtg gtt teg tat cte get ctt caa ccc gag tat 30328
Lys Tyr Arg Thr Val Val Ser Tyr Leu Ala Leu Gln Pro Glu Tyr

2695 2700 2705

tcg gtg gcg ata gag gac cte gtc cga gecc get  tgg age gac aag 30373
Ser Val Ala Ile Glu Asp Leu Val Arg Ala Ala Trp Ser Asp Lys

2710 2715 2720

cge ccg tee age gcog cac  cac cag gtc cgt aag atg gtc tecc gea 30418
Arg Pro Ser Ser Ala His His Gln Val Arg Lys Met Val Ser Ala

2725 2730 2735

ctc c¢gg acc agce ctg gac cag gac tgg gac ctg dgtg gcg acg tec 30463
Leu Arg Thr Ser Leu Asp Gln Asp Trp Asp Leu Val Ala Thr Ser

2740 2745 2750

cag gac ggc tac atg ctg aag ttg ccg ccc aag cag tcc gac dgta 30508
Gln Asp Gly Tyr Met Leu Lys Leu Pro Pro Lys Gln Ser Asp Val

2755 2760 2765

tce gaa tte tge cge cte tte gac cag gtg atg tecg ggt ccc ctg 30553
Ser Glu Phe Cys Arg Leu Phe Asp Gln Val Met Ser Gly Pro Leu

2770 2775 2780

acg agc gac gac gac ctg teg gece gcg tat teg geg ctg geg cte 30598
Thr Ser Asp Asp Asp Leu Ser Ala Ala Tyr Ser Ala Leu Ala Leu

2785 2790 2795

tgg c¢gc gga cgc cct tge gaa ggg tce gag ccc  cat ggg cag gag 30643
Trp Arg Gly Arg Pro Cys Glu Gly Ser Glu Pro His Gly Gln Glu

2800 2805 2810

cge c¢gg atc tcet caa ttg gtg gaa cag cac cgc dgtc ctc ttg aac 30688
Arg Arg Ile Ser Gln Leu Val Glu Gln His Arg Val Leu Leu Asn

2815 2820 2825

aag acc gtt cag gga ttc ggce gac agg ggc agg tecc gat gaa ctc 30733
Lys Thr Val Gln Gly Phe Gly Asp Arg Gly Arg Ser Asp Glu Leu

2830 2835 2840

gce tceg ata ctg cac gtc gca tcg aag att cac gga cag ccg gtce 30778
Ala Ser Ile Leu His Val Ala Ser Lys Ile His Gly Gln Pro Val

2845 2850 2855

acc gct cge tee ggt gte gee gtt cce geg cece get gtt teg tac 30823
Thr Ala Arg Ser Gly Val Ala Val Pro Ala Pro Ala Val Ser Tyr

2860 2865 2870

gcg gge acg aca caa gtc cce gaa cct tcg ggg teg acc acc cct 30868
Ala Gly Thr Thr Gln Val Pro Glu Pro Ser Gly Ser Thr Thr Pro

2875 2880 2885

cce  cca cge cce gge tee cec gte ggt ceg cge  tge ctg cca c¢gg 30913
Pro Pro Arg Pro Gly Ser Pro Val Gly Pro Arg Cys Leu Pro Arg

2890 2895 2900

gat c¢tg cag gac ttc ggc gge cgc gaa cgc gaa atc aat gag ctg 30958
Asp Leu Gln Asp Phe Gly Gly Arg Glu Arg Glu Ile Asn Glu Leu

2905 2910 2915

cag aaa ctg ttg acc gcg gaa gga ccc cac cca cag ttg gtg gcg 31003
Gln Lys Leu Leu Thr Ala Glu Gly Pro His Pro Gln Leu Val Ala

2920 2925 2930

acc dgtt cac gga atg agc ggce gtg ggt aaa acc gcc gtc gec gte 31048

Thr Val His Gly Met Ser Gly Val Gly Lys Thr Ala Val Ala Val
2935 2940 2945
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cge ctg gcg cac aga cta gcece cat cac tat ccg gac ggc cag ctce 31093
Arg Leu Ala His Arg Leu Ala His His Tyr Pro Asp Gly Gln Leu

2950 2955 2960

ttt gta tcec ctg gac gge ttt tect teg gec tee acce gec acce gtg 31138
Phe Val Ser Leu Asp Gly Phe Ser Ser Ala Ser Thr Ala Thr Val

2965 2970 2975

tcg aat gcg ctg gga ata cte ctec aga cag aaa ggce ctg gcg gac 31183
Ser Asn Ala Leu Gly Ile Leu Leu Arg Gln Lys Gly Leu Ala Asp

2980 2985 2990

gag gac att tca cct tcg gaa gac ggc cgc ctc gca caa tgg cgg 31228
Glu Asp Ile Ser Pro Ser Glu Asp Gly Arg Leu Ala Gln Trp Arg

2995 3000 3005

acc atc acc gcc gga cag aag ctg ctc gtec gtg ctec gac gac gtg 31273
Thr Ile Thr Ala Gly Gln Lys Leu Leu Val Val Leu Asp Asp Val

3010 3015 3020

tgc gac atc gag caa gta gaa ccc cte atc cecg cce teg age gaa 31318
Cys Asp Ile Glu Gln Val Glu Pro Leu Ile Pro Pro Ser Ser Glu

3025 3030 3035

agc gec tge atc atec acg teg cge atc ate cte aat ggc atc gac 31363
Ser Ala Cys Ile Ile Thr Ser Arg Ile Ile Leu Asn Gly Ile Asp

3040 3045 3050

ggc gct cat cac atc tca cte gaa gta ccg gac gag gac gaa tgt 31408
Gly Ala His His Ile Ser Leu Glu Val Pro Asp Glu Asp Glu Cys

3055 3060 3065

ctg gag ata ctc agt tgc atg atc ggc aga cgc ttc gac gac gag 31453
Leu Glu Ile Leu Ser Cys Met Ile Gly Arg Arg Phe Asp Asp Glu

3070 3075 3080

gag acg aag gac gcc cgc gcg ctg atc cag cag tgce gec aat ctg 31498
Glu Thr Lys Asp Ala Arg Ala Leu Ile Gln Gln Cys Ala Asn Leu

3085 3090 3095

ccg ctg gca cte cgt cte gee gee gee ¢gg ata  tecg acg cgc gac 31543
Pro Leu Ala Leu Arg Leu Ala Ala Ala Arg Ile Ser Thr Arg Asp

3100 3105 3110

ttc c¢tg aac ctc cgg gaa ctc agt gag caa ctg tcg tce teg get 31588
Phe Leu Asn Leu Arg Glu Leu Ser Glu Gln Leu Ser Ser Ser Ala

3115 3120 3125

tce atc tte agt gaa ctg gaa gtt ccc gge cgt agt ctg gtc ggce 31633
Ser Ile Phe Ser Glu Leu Glu Val Pro Gly Arg Ser Leu Val Gly

3130 3135 3140

cgg ctc atg acg tce tte acg tge ctg gag gac ttc gat cac gac 31678
Arg Leu Met Thr Ser Phe Thr Cys Leu Glu Asp Phe Asp His Asp

3145 3150 3155

cgg tac ctc cga tta tcg ctg ctec cce tge ceec gag atc gat gaa 31723
Arg Tyr Leu Arg Leu Ser Leu Leu Pro Cys Pro Glu Ile Asp Glu

3160 3165 3170

acg tecg gte gcg gece gtg ctg ggce gta teec acce gac tgg gca c¢gg 31768
Thr Ser Val Ala Ala Val Leu Gly Val Ser Thr Asp Trp Ala Arg

3175 3180 3185

cgt gee tge agg cge tte gceca gac cgce gcog ttg ctg caa cgc aca 31813
Arg Ala Cys Arg Arg Phe Ala Asp Arg Ala Leu Leu Gln Arg Thr

3190 3195 3200

cga tgc ggt acg tac cgg atg cac ccg ctg ctg ctg cag gcg gca 31858
Arg Cys Gly Thr Tyr Arg Met His Pro Leu Leu Leu Gln Ala Ala

3205 3210 3215

cag c¢tg gaa gcg cag aag acc atc ccg ttc gag gag caa cgc c¢gg 31903
Gln Leu Glu Ala Gln Lys Thr Ile Pro Phe Glu Glu Gln Arg Arg

3220 3225 3230

ctce gtec cge gece get tte cte cat tac aag gcg tecg aac ggc cte 31948
Leu Val Arg Ala Ala Phe Leu His Tyr Lys Ala Ser Asn Gly Leu

3235 3240 3245
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gtg gga gcc agce cgc atc agce cct tcece cgg gtt cct gac gga cac 31993
Val Gly Ala Ser Arg Ile Ser Pro Ser Arg Val Pro Asp Gly His
3250 3255 3260
gtg gta ctg agg acc ctc acg cag tcc gecg aag ctg geec gcg cgg 32038
Val Val Leu Arg Thr Leu Thr Gln Ser Ala Lys Leu Ala Ala Arg
3265 3270 3275
ctc gge cte cag gag gag ttg gcc gat ctg tac acc gcc tgg aag 32083
Leu Gly Leu Gln Glu Glu Leu Ala Asp Leu Tyr Thr Ala Trp Lys
3280 3285 3290
gaa ctg ctc ccc ctec gtg ctg gac cgc c¢gg cag cag gag gcg gtce 32128
Glu Leu Leu Pro Leu Val Leu Asp Arg Arg Gln Gln Glu Ala Val
3295 3300 3305
ggg cga cgc gta ctc gce gtt tca cag cac ¢ctg gac cgg ccc gcg 32173
Gly Arg Arg Val Leu Ala Val Ser Gln His Leu Asp Arg Pro Ala
3310 3315 3320
tgc gag gga gca ccc cac cgg agg cgt ccg cgg cag gca c¢gg gac 32218
Cys Glu Gly Ala Pro His Arg Arg Arg Pro Arg Gln Ala Arg Asp
3325 3330 3335
atg c¢tg ccc gag ggg cag c¢gg tgaacgaggg ccggccggag gaaggcagtce 32269
Met Leu Pro Glu Gly Gln Arg
3340 3345

ggacgatgac gaccgtttgt ccgtacatcg ggagaccggg gtgccacgtg aaacatgtga 32329

cceggtecace ggatgtccga tegcagecge accegggggce gaactgacce atg gac cge 32387
Met Asp Arg

gtt ctt ccg tat gca gcec gge agt gag gca ctce ctg teg teg aga 32432
Val Leu Pro Tyr Ala Ala Gly Ser Glu Ala Leu Leu Ser Ser Arg

3350 3355 3360

gag cac ggc ccc acg gtg agce gag aga acc gtc teg geg cag gag 32477
Glu His Gly Pro Thr Val Ser Glu Arg Thr Val Ser Ala Gln Glu

3365 3370 3375

atc gtc gtg ggc ggc ggg ggt ctg ctg ggg aga cac atc ctc ggce 32522
Ile Val Val Gly Gly Gly Gly Leu Leu Gly Arg His Ile Leu Gly

3380 3385 3390

gtg c¢tg ggc aat c¢gg ctc age c¢gg c¢gg gta cgce atc ccg tgg gac 32567
Val Leu Gly Asn Arg Leu Ser Arg Arg Val Arg Ile Pro Trp Asp

3395 3400 3405

gac cac ggc c¢gc gcc tgt gag cag ctc tac gcg ctg ggce agg gac 32612
Asp His Gly Arg Ala Cys Glu Gln Leu Tyr Ala Leu Gly Arg Asp

3410 3415 3420

ctg gct cag cag ccg gcg cgc tgg aac ctg tac tgg tgc gcg gga 32657
Leu Ala Gln Gln Pro Ala Arg Trp Asn Leu Tyr Trp Cys Ala Gly

3425 3430 3435

ctg gce gte tte cac acce cce gee gag cag gtg gag cga gaa cgc 32702
Leu Ala Val Phe His Thr Pro Ala Glu Gln Val Glu Arg Glu Arg

3440 3445 3450

ctc cag gtc age cte cte ctg gcg gge atc aac gac ggg ctc gaa 32747
Leu GIln Val Ser Leu Leu Leu Ala Gly Ile Asn Asp Gly Leu Glu

3455 3460 3465

cge  teg ggg ggce ccc ace ggce ggc gcg ttg tte ctg gec tee tea 32792
Arg Ser Gly Gly Pro Thr Gly Gly Ala Leu Phe Leu Ala Ser Ser

3470 3475 3480

gce  gge ggce gceg tte gecg gge tcg gaa cac c¢cg  ccg tte acce gag 32837
Ala Gly Gly Ala Phe Ala Gly Ser Glu His Pro Pro Phe Thr Glu

3485 3490 3495

tte tee cecg cece gtg cece  acg aac ccg tac ggce gcg tec aaa cte 32882

Phe Ser Pro Pro Val Pro Thr Asn Pro Tyr Gly Ala Ser Lys Leu
3500 3505 3510
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gece
Ala
3515

cece
Pro
3530

aac
Asn
3545

cag
Gln
3560

acg
Thr
3575

teg
Ser
3590

cat
His
3605

gaa
Glu
3620

gte
Val
3635

gte
Val
3650

agc
Ser
3665

cga
Arg
3680

gte
Val

acg
Thr

cte
Leu

ctyg
Leu

cge
Arg

gecg
Ala

gte
Val

ctyg
Leu

gte
Val

gag
Glu

ate
Ile

cte
Leu

gag gag gag
Glu Glu Glu

gtg tecg ggt
Val Ser Gly

gac aag aac
Asp Lys Asn

acc ggt gaa
Thr Gly Glu

gac tac atc
Asp Tyr Ile

atg gag acc
Met Glu Thr

cge aag ata
Arg Lys Ile

cte cgg atce
Leu Arg Ile

cac gag ccg
His Glu Pro

tce cgg gta
Ser Arg Val

dag gaa ggg
Glu Glu Gly

ggg cac ggg
Gly His Gly

cgeggectgyg gtecgatgag

tgcgttgete tggcecatetg

cgacgtceggt aagtctacac

gggetgecte cggtgggcegy

cgtcgaggag gtaggtgttg

tgtggcegte gecegtegtag

cggcccagceyg gtacggggtg

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

<400>

SEQ ID NO 2
LENGTH: 341
TYPE: PRT

ORGANISM: Streptomyces griseoflavus

SEQUENCE: 2

gcc gag gtt
Ala Glu Val
3520

cgg atc acg
Arg Ile Thr
3535

cag ggc ctg
Gln Gly Leu
3550

cce  ctg cgyg
Pro Leu Arg
3565

tac gca cgg
Tyr Ala Arg
3580

gta cgg tcc
Val Arg Ser
3595

ttc agc agc
Phe Ser Ser
3610

gce gag cgce
Ala Glu Arg
3625

gtg gcg gga
Val Ala Gly
3640

tgg gcg gac
Trp Ala Asp
3655

atg cgc gece
Met Arg Ala
3670

ctg geg cge cgt tgg
Leu Ala Arg Arg Trp
3525

aac ctg tac gge ccc
Asn Leu Tyr Gly Pro
3540

gtc agt gecc cte gte
Val Ser Ala Leu Val
3555

ctg c¢gg gee gee ctg
Leu Arg Ala Ala Leu
3570

gac tgc gecec cgg atg
Asp Cys Ala Arg Met
3585

cge acce cge  gge acg
Arg Thr Arg Gly Thr
3600

gga cgc cgt ctg cgg
Gly Arg Arg Leu Arg
3615

cte tte gac cgg ccg
Leu Phe Asp Arg Pro
3630

ggg gcg aac gtc aac
Gly Ala Asn Val Asn
3645

ctc gaa tcg tce cce
Leu Glu Ser Ser Pro
3660

gte cge tee gac cte
Val Arg Ser Asp Leu
3675

cga ctg
Arg Leu

gge cag
Gly Gln

aaa gcg
Lys Ala

gag acc
Glu Thr

gtc gtc
Val Val

gac ccc
Asp Pro

atc gac
Ile Asp

gta ccc
Val Pro

ctec tcg
Leu Ser

tte cte
Phe Leu

agg tac
Arg Tyr

tgagcgacac gaacgacaaa agacccagge cgcacatcag

cegecttegy

agctaaggeg

agtttcgagyg

ggngCtan

atggcggagt

gtgaggaggce

geegggtece

gattcgaace

gegtgetggg

ggtggttcgt

agcagcgtgt

cgacgcagge

gggcegtgge

999

cgagacctac

tgcacccatg

accggececg

gCCgthgCg

getgeegegyg

gagctggeceg

gcattacgag

gtgcgatcag

gagcegggecg

ggcggggtge

CCgtanggg

gccagacect

Leu Ile Ala Asn Arg Thr Leu Glu Leu Leu Ser Leu Leu Gln Thr Gln

1

Arg Glu Trp Thr Gly Asp Gly Leu Ala Glu Arg Leu Gly Val

5

20

2

10

5

30

15

Ser Pro

Arg Thr Val Arg Arg Asp Ile Asn Arg Leu Arg Glu Leu Gly Tyr Pro

35

40

45

32927

32972

33017

33062

33107

33152

33197

33242

33287

33332

33377

33432

33492

33552

33612

33672

33732

33792

33825
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Val

Ala

65

Ala

Ala

Leu

Trp

Ser

145

Ile

Arg

Gln

Ala

Ile

225

Thr

Val

Arg

Gly

Glu

305

Ile

Pro

Thr

50

Arg

Leu

Thr

Ala

Glu

130

Ser

His

Leu

Arg

Pro

210

Thr

Trp

Ala

Val

Phe

290

Leu

Pro

Ser

Ala

Leu

Ser

Lys

His

115

Leu

Ala

His

Val

Ser

195

Thr

Arg

Pro

Lys

Thr

275

Leu

Val

Ser

Ala

Thr Lys

Pro Pro

Leu Gln

85

Arg Ala
100

Arg Leu

Ala Pro

Ala Gln

Agsp Ser
165

Val Trp
180

Ser Trp

Ala Trp

Phe Val

Cys Trp
245

Trp Ala
260

Arg Ile

Ile Thr

Ala Ala

His Asp

325

Gly Arg
340

<210> SEQ ID NO 3
<211> LENGTH: 213
<212> TYPE:
<213> ORGANISM: Streptomyces griseoflavus

PRT

<400> SEQUENCE: 3

Met Ile Arg Ile Ala

1

Gly

Ala

Tyr

Tyr
65

Ala

Ala

Gly

Gln

Val
Val
35

Leu

Lys

5
Val Ala
20
Met Gly

Pro Leu

Glu Glu

Gly

Leu

70

Thr

Leu

Ala

Pro

Gln

150

Met

Ser

His

Arg

Gln

230

Gly

Pro

Gln

Phe

Ala

310

Pro

Val

Gln

Glu

Leu

Thr
70

Pro

55

Ile

Ala

Asn

Thr

Gln

135

Arg

Gln

Gly

Ala

Phe

215

Asn

Thr

Gly

Met

Ser

295

Arg

Leu

Ile

Trp

Ala

Asp

Arg

Ser

Val

Pro

Ser

Phe

120

Val

Asp

Asp

Arg

Tyr

200

Gly

Gln

Val

Val

Gly

280

Cys

Arg

Ala

Leu

Val

Glu

40

Glu

Arg

Gly

Asp

Ala

Ile

105

Ser

Asp

Leu

Gly

Trp

185

Arg

Glu

Pro

Leu

Ala

265

Ala

Arg

Val

Glu

Gly

Ala

25

Phe

Pro

Trp

Ser

Asp

Ser

90

Gln

Val

Pro

Val

Glu

170

Tyr

Val

Arg

Asp

Met

250

Ser

Trp

Phe

Met

Pro
330

Ser

10

Glu

Glu

Val

Ala

Tyr

Glu

75

Val

Glu

Glu

Ser

Arg

155

Val

Leu

Asp

Glu

Arg

235

Glu

Phe

Ser

Thr

Gly

315

Ser

Thr

Val

Leu

Pro

Ala
75

Arg Leu Ser Arg

60

Gln

Thr

Leu

Gln

Leu

140

Phe

Leu

Val

Arg

Gly

220

Gly

Cys

Glu

Trp

Val

300

Leu

Ser

Arg

Ala

Val

Ala

60

Ala

Ala

Gly

Leu

Ile

125

Leu

Ser

Ala

Ala

Ile

205

Pro

Asp

Pro

Ala

Ser

285

Glu

Ile

Arg

Pro

Ala

Asp

45

Met

Ile

Leu

Met

Pro

110

Glu

Ala

Tyr

Glu

Tyr

190

Lys

Asp

Thr

Ala

Val

270

Ala

Gly

Asp

Thr

Gly

Arg

30

Leu

Phe

Gly

Ala

Gly

95

Pro

Asn

Gln

Arg

Pro

175

Asp

Asp

Glu

Pro

Ser

255

Asp

Leu

Pro

Val

Pro
335

Arg

15

His

Ala

Gly

Ser

Gly

Ile

Asp

His

Ala

Leu

Ser

160

His

Gln

Leu

Asp

Asp

240

Leu

Asp

Ile

Pro

Gly

320

Gly

Arg

Pro

Glu

Gln

Phe
80
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-continued

74

Asp

Ala

Ala

Glu

Ser

145

Asp

Gln

Thr

Arg

Gly

Leu

Ala

His

130

Gln

Met

Glu

Ala

Ala
210

Phe

Lys

Gly

115

Leu

Val

Thr

Gln

Leu

195

Val

Val

Asn

100

Phe

Arg

Val

Asp

Thr

180

Lys

Ser

Phe

85

Ala

Val

Leu

Leu

Pro

165

Val

Pro

Val

<210> SEQ ID NO 4

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Thr Leu His

1

Val

Leu

Gly

Lys

65

Gly

Ser

Leu

Thr

Ser

145

Cys

Lys

Cys

Val

Asp
225

Val

His

Gln

50

Gln

Val

Met

Ala

Leu

130

Gly

Asp

Arg

Gly

Met

210

Phe

Gly

Gly

35

Ser

Arg

His

Arg

Ala

115

Thr

Pro

Gly

Thr

Leu

195

Ser

Thr

Ala

Ser

Arg

Gly

Phe

Pro

100

Trp

Ser

Ala

Ala

Pro

180

Pro

Ala

Gln

500

Val

Ile

Ser

Ala

Ser

150

Thr

Asn

Leu

Thr

Asp

Tyr

Leu

135

Val

Ala

Thr

Arg

Pro

His

Gly

120

Ala

Phe

Met

Met

Thr
200

Glu

Leu

105

Val

Glu

Asn

Gly

Leu

185

Ala

Tyr

90

Phe

His

Val

Asp

Arg

170

Asp

Ala

Asn

Ala

Gly

Lys

Phe

155

Phe

Glu

Thr

Streptomyces griseoflavus

4

Ala

Gly

Arg

Ala

Ile

Ala

85

Ala

Ala

Met

Gly

Gly

165

Pro

Asp

Pro

Pro

Ala

Pro

Pro

Leu

Leu

70

Gly

Asn

Glu

Glu

Gln

150

Ser

Ser

Glu

Leu

Met
230

Glu

Thr

Leu

Gly

55

Gly

Leu

Gln

Glu

Pro

135

Gln

Phe

Val

Pro

Gly

215

Arg

Ala

Gly

Val

40

Phe

Arg

Ser

Tyr

Leu

120

Thr

Thr

Val

Gln

Phe

200

Asp

Pro

Ile

Leu

25

Ile

Thr

Phe

Ile

Pro

105

Gly

Gly

Val

Arg

Met

185

Gly

Gly

Gln

Pro

10

Met

Asp

Val

Gln

Lys

90

Gln

Val

Thr

Asp

Glu

170

Leu

Val

Thr

Gly

Ser

Leu

Ala

Arg

Gly

75

Gly

Ser

Pro

Gly

Ala

155

Ala

Leu

Lys

Glu

Thr
235

His

Glu

Gly

Val

140

Asp

Thr

Val

Ala

His

Gly

Leu

Thr

60

Leu

Asp

Lys

Val

Tyr

140

Asp

Ile

Gly

His

Arg

220

Pro

Ser

Trp

Thr

125

Ala

Tyr

Pro

Val

Glu
205

Val

Ala

Pro

45

Leu

Ala

His

Thr

Arg

125

Arg

Tyr

Gly

Asp

Glu

205

Val

Val

Val

Thr

110

Arg

Gly

Thr

Gly

Ala

190

Ala

Pro

Glu

30

Ser

Glu

Pro

Leu

Glu

110

Arg

Cys

Val

Met

Leu

190

Lys

Ile

Thr

Pro

95

Asp

Ala

Val

Gly

Pro

175

Trp

Asp

Val

15

Leu

Pro

Ile

Val

Ser

95

Gln

Pro

Val

Val

Pro

175

Arg

Gly

Val

His

Ala

Lys

Val

Arg

Cys

160

Gln

Ser

Gly

Leu

Ala

Ser

Phe

Pro

80

Ser

Val

Trp

Leu

Gly

160

Thr

Gly

Met

Cys

Asp
240
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-continued

76

Glu

Gly

Glu

Thr

Ala

305

Pro

Arg

Gly

Ile

Ile

385

Arg

Val

Asp

Val

Ala

465

Gly

Gln

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

<400>

Ile

Glu

Ser

His

290

Val

Asp

Glu

Pro

Arg

370

Arg

Leu

Glu

Ser

Val

450

Ser

Thr

Pro

Lys

Cys

Tyr

275

Leu

Asn

Thr

Leu

Glu

355

Glu

Tyr

Pro

Glu

Pro

435

His

Ser

Glu

Ala

Ala

Leu

260

Arg

Pro

Val

Leu

Leu

340

Val

Val

Asp

Pro

Leu

420

Ala

Ala

His

Phe

Ala

500

PRT

SEQUENCE :

Met Ser Arg Arg

1

Ala

Ala

Val

Arg

65

Ala

Glu

Val

Thr

Ala

50

Gln

Arg

Arg

Gly

Arg

35

Ala

Ser

Glu

Ala

Arg

20

Arg

Glu

Ala

Ala

Gly
100

Ala

245

Trp

Ser

Ala

Gly

Leu

325

Leu

Asp

Ser

Met

Asp

405

Arg

Ser

Arg

Trp

Ser
485

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Streptomyces griseoflavus

419

5

Val

5

Asp

Leu

Ala

Glu

Val

85

Val

Tyr

Ala

Gly

Gly

Trp

310

Asp

Asn

Pro

Val

Gly

390

Val

His

Ser

Pro

Phe

470

Glu

Phe

Pro

Ser

Asp

Leu

70

Glu

Ile

Glu

Ser

Arg

Gly

295

Lys

Thr

Thr

Leu

Leu

375

Leu

Phe

Gly

Leu

Thr

455

Val

Leu

Ile

Phe

Leu

Phe

55

Asp

Asp

Val

Gln

Ser

Ala

280

Gln

Leu

Tyr

Ala

Arg

360

Leu

Pro

His

Ala

Val

440

Asp

Arg

Ser

Thr

Trp

Cys

40

Asp

Arg

Ala

Gly

Val

Phe

265

Leu

Gly

Ala

His

Ala

345

Glu

Ala

Glu

Val

Ala

425

Ala

Pro

Pro

Ala

Gly

Glu

25

Asp

Ala

Ala

Ala

Ser
105

Val Gly
250

Ser Asp

Leu Val

Met Asn

Leu Val
315

Ala Glu
330

Gln Gly

Val Leu

Asp Gly

Ala Pro

395

Val Gly
410

Leu Leu

Pro Trp

Asp Trp

Asp Gly

475

Ser Leu
490

Val Gly

10

Leu Leu

Pro Glu

Glu Ala

Ala Gln
75

Trp Ser

Ala Val

Ser Pro Leu Ala

Ala

Gly

Val

300

Ser

Arg

Gln

Arg

Val

380

Pro

Thr

Ile

Arg

Gly

460

His

Ser

Val

Thr

Pro

Ala

60

Phe

Glu

Gly

Ser

Asp

285

Ser

Gln

Tyr

Val

Arg

365

Ser

Pro

Gly

Val

Asp

445

Gly

Ile

Arg

Val

Gln

Phe

45

Gly

Ala

Thr

Ala

Ser

270

Thr

Ile

Gly

Pro

Phe

350

Leu

Gly

Thr

Gly

Pro

430

Gln

Glu

Ala

Trp

Ala

Gly

Arg

Leu

Leu

Cys

Thr
110

255

Leu

Ala

Gln

Arg

Val

335

Leu

Leu

Leu

Gly

Asp

415

Ser

Val

Pro

Trp

Leu
495

Pro

15

Arg

Ser

Ser

Val

Pro

95

Thr

Asp

Val

His

Asp

Ala

320

Gly

Arg

Asn

Asp

Glu

400

Ala

Pro

Arg

Ala

Ala

480

Gly

Gly

Thr

Gln

Glu

Ala

80

Pro

Lys
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-continued

78

Leu

Val

Ser

145

Gly

Ala

Ala

Ile

Pro

225

Met

Val

Met

Ser

Asn

305

Ala

Ser

Glu

Thr

Pro

385

Ser

Glu

Ala

130

Phe

Val

Trp

Thr

Lys

210

Phe

Phe

Tyr

Thr

Ala

290

Ala

Leu

Ile

Ile

Ala

370

Val

Gly

His

Glu

115

Pro

Ala

Val

Glu

Asp

195

Ala

Asp

Val

Gly

Gly

275

Leu

His

Lys

Lys

Ala

355

Asn

His

Phe

Ser

Val

Asp

Ser

Ser

Leu

180

Ala

Thr

Ala

Leu

Glu

260

Leu

Gly

Gly

Ser

Ser

340

Ala

Leu

Ala

Gly

Tyr

Ser

Gly

Thr

165

Ile

Pro

Ser

Thr

Glu

245

Ile

Lys

Gln

Ser

Ser

325

Met

Cys

Thr

Arg

Gly
405

<210> SEQ ID NO 6

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces griseoflavus

PRT

<400> SEQUENCE:

89

6

Arg

Pro

Ile

150

Gly

Gln

Ile

Thr

Arg

230

Ser

Arg

Ala

Ala

Gly

310

Leu

Ile

Ala

Arg

Lys

390

Phe

Met Ser Ala Arg Val Thr

1

5

Gly Ser Gly Val Asp Glu

20

Met Ala Phe Ser Glu Leu

35

Gly Leu Arg Leu Gly Arg

50

Gln

Ala

135

Ala

Cys

Ser

Ser

Tyr

215

Gly

Glu

Gly

Asp

Gly

295

Thr

Gly

Gly

Leu

Pro

375

Gln

Gln

Met

Gly

Gly

Glu
55

Leu

120

Glu

His

Thr

Gly

Pro

200

Asn

Gly

Glu

Tyr

Gly

280

Val

Lys

Pro

His

Ala

360

Asp

Pro

Ser

Asp

Val

Tyr

40

Asn

Ser

Leu

Asp

Ser

Ile

185

Ile

Asp

Phe

Ser

Ala

265

Arg

Asp

Gln

Ala

Ser

345

Leu

Pro

Thr

Ala

Asp

Asp

25

Asp

Asp

Arg

Tyr

Leu

Gly

170

Leu

Thr

Thr

Val

Val

250

Ser

Glu

Pro

Asn

Ala

330

Leu

Arg

Glu

Asn

Met
410

Leu
10
Leu

Ser

Ile

Asp

Ser

Gly

155

Ile

Asp

Val

Pro

Leu

235

His

Arg

Leu

Gly

Asp

315

His

Gly

Asp

Leu

Ser

395

Val

Arg

Asp

Leu

Glu

Gly

Tyr

140

Val

Asp

Ser

Ala

Glu

220

Gly

Arg

Cys

Ala

Arg

300

Arg

Asp

Ala

Asp

Asp

380

Val

Leu

Arg

Thr

Ala

Leu
60

Ser

125

Phe

Thr

Ser

Ala

Cys

205

Ser

Glu

Arg

Asn

Glu

285

Leu

His

Val

Ile

Val

365

Leu

Leu

Thr

Ala

Asp

Val

45

Asp

Leu

Val

Gly

Val

Val

190

Phe

Ala

Gly

Gly

Ala

270

Ala

Asp

Glu

Pro

Gly

350

Ile

Asp

Thr

Asp

Leu
Leu
30

Leu

Asp

Trp

Pro

Gln

Gly

175

Cys

Asp

Ser

Ser

Ala

255

Tyr

Val

Tyr

Thr

Ile

335

Ser

Pro

Tyr

Thr

Pro
415

Glu
15
Glu

Glu

Ser

Asp

Ser

Ser

160

Asn

Gly

Thr

Arg

Ala

240

Arg

His

Val

Val

Ala

320

Ser

Leu

Pro

Val

Gly

400

Glu

Glu

Thr

Thr

Val
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-continued

80

Phe Ala Asp Leu Asp Thr Pro Gln Gln Met Leu Asp Ala Val Asn Asp

65

70

Ala Leu Ala Arg Gln Ala Ala Ala Ser

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

<400>

PRT

SEQUENCE :

Met Ala Asp Pro

1

Ser

Gln

Asn

Ala

65

Phe

Trp

Ala

Phe

145

Thr

Leu

Ala

Thr

Ser

225

Leu

Ser

Val

Leu

Ala
305

Ala

Met

Arg

50

Trp

Ala

Gln

Thr

Arg

130

Ala

Asp

Asp

Glu

Arg

210

Gln

Leu

Trp

His

Ala

290

Val

Asp

Phe

35

Gln

Val

Gln

Val

Tyr

115

Ala

Cys

Ala

Arg

Met

195

Thr

Ser

Ser

Arg

Lys

275

Arg

Arg

Ala

20

Glu

Thr

Ser

Thr

Leu

100

Arg

Val

Glu

Val

Gly

180

Arg

Pro

Pro

Leu

Val

260

Val

Arg

Trp

85

SEQ ID NO 7
LENGTH:
TYPE :
ORGANISM: Streptomyces griseoflavus

316

7

Ala

5

Val

Pro

Ile

Glu

Val

85

Pro

Ala

Glu

Arg

Asp

165

Glu

Glu

Asp

Ala

His

245

Thr

Leu

Asn

Ala

<210> SEQ ID NO 8

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces griseoflavus

PRT

451

Arg

Tyr

Thr

Gln

Arg

Thr

Leu

Glu

Thr

Asp

150

Thr

Leu

Phe

Gly

Arg

230

Thr

Ser

Gly

Leu

Gly
310

Thr

Arg

Ile

Leu

55

Glu

Ser

Ser

Asn

Asn

135

Ala

Thr

Trp

Ser

Asp

215

Leu

Gly

Lys

Ala

Gly

295

Thr

Asp

Arg

His

40

Trp

Leu

Ser

Glu

Asp

120

Ser

Asp

Val

Ala

Asp

200

Thr

Leu

Glu

His

Asp

280

Asn

Ala

Leu

Leu

25

Gly

Ala

Asp

Pro

Asp

105

Ser

Thr

Ser

Asp

Gly

185

Gly

His

Tyr

Trp

Thr

265

Ala

Asn

Val

His

Glu

Ala

Thr

Pro

Val

90

Thr

Ala

Lys

Glu

Pro

170

Arg

Leu

Val

Lys

Thr

250

Val

Thr

Ser

Ser

75

Ser

Asp

Glu

Ala

Val

75

Ala

Cys

Glu

Glu

Ala

155

Val

Leu

Gln

Thr

Gln

235

Ile

Ala

Val

Leu

Gln
315

Ala

Val

Leu

Asn

60

Ala

Glu

Arg

Ser

Leu

140

Ser

Leu

Glu

Phe

Glu

220

Val

Thr

Ile

Ser

Arg

300

Arg

Thr

Gly

Ala

45

Gly

Arg

Met

Val

Leu

125

Ser

Pro

Leu

His

Leu

205

Ser

Thr

Pro

Asp

Asp

285

Thr

Ile

Gln

30

Arg

Glu

Thr

Ser

Glu

110

Thr

Ala

Phe

Phe

Val

190

Arg

Tyr

Leu

Ala

Pro

270

Ala

Leu

Thr

15

Trp

Asp

Pro

Ile

Gly

95

Leu

Trp

Leu

Thr

Ser

175

Ala

Met

Arg

Pro

Gly

255

Asp

Lys

Glu

80

Gly

Ser

Gly

Lys

Arg

Ala

Thr

Ile

Lys

Phe

160

Phe

Glu

Arg

Val

Ala

240

Glu

Ala

Arg

Ala
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-continued

82

<400> SEQUENCE:

Met Thr Glu Pro

1

Ser

Thr

Thr

Phe

65

Arg

Cys

Gln
Gly
145

Leu

Gln

Arg
Leu
225

Pro

Ala

Asp

Asp

305

Thr

Thr

Ala

Val

Ser

385

Val

Gly

Val

Leu

50

Ser

Val

Pro

Gly

Gly

130

Thr

Leu

Ala

Gly

Val

210

Glu

Ala

His

Pro

Ala

290

Arg

Val

Asp

Gly

Asp

370

Pro

Gln

Leu

Leu

35

His

Pro

Asp

Gln

Ala

115

Gly

Leu

Gly

Asp

Arg

195

Met

Asp

Glu

Pro

Phe

275

Glu

Gln

Leu

Ala

Asp

355

Val

Ala

Arg

Leu

20

Glu

Ala

Glu

Leu

Pro

100

Arg

Arg

Leu

Ile

Val

180

Tyr

Leu

Leu

Pro

Leu

260

Val

Ala

Gly

Ala

Ala

340

Ala

Cys

Arg

Ala

8

Glu

Leu

Ala

Arg

Leu

Ser

85

Glu

Leu

Cys

Val

Gly

165

His

Thr

His

Arg

Ser

245

Val

Pro

Leu

Leu

Gly

325

Ala

Asp

Tyr

Leu

Leu
405

Thr

Ala

Arg

Ala

Pro

70

Arg

Leu

Leu

Leu

Ala

150

Cys

Gly

Val

Asp

Arg

230

Trp

Lys

Ile

Gly

Leu

310

Arg

Thr

Tyr

Leu

Arg

390

Val

Ser

Gly

Asp

Arg

55

Trp

Val

Val

His

Val

135

Ala

Gly

Asp

Thr

Pro

215

Ala

Ser

Gly

Gly

Trp

295

Asp

Leu

Glu

Arg

Thr

375

Glu

Pro

Asp

Ile

Ala

40

Glu

Ser

Asp

Arg

Gly

120

Arg

Asp

Gly

Gly

Ala

200

Arg

Trp

Arg

Arg

Gly

280

Arg

Tyr

Arg

Arg

Arg

360

Pro

Thr

Asp

Val

Leu

25

Pro

Ile

Ala

Ser

Thr

105

Glu

Thr

Gly

Ala

Leu

185

Ala

Trp

Lys

Thr

Val

265

Gln

Val

Gln

Ala

Lys

345

Arg

Gly

Gly

Asp

Leu

10

Ala

Ser

Leu

His

Gly

90

Leu

His

Arg

Arg

Pro

170

Ala

Pro

Pro

Glu

Phe

250

Val

Ala

Leu

Asp

Gln

330

Ala

Ile

Gly

Val

Gly
410

Val

Gly

Pro

Asp

Gly

Arg

Thr

Val

Ala

Arg

155

Ala

Gly

Ile

Ala

Ser

235

Ser

Leu

Leu

Gly

Glu

315

Ala

Leu

Ala

Ala

Asn

395

Thr

Val

Ala

Gln

His

60

His

Ala

Gly

Glu

Gly

140

Ser

Thr

Arg

Ser

Gly

220

Thr

Asp

Cys

Asn

Tyr

300

Arg

Arg

Val

Asp

Val

380

Pro

Arg

Gly

Gly

Thr

45

His

Tyr

Gly

Trp

Ser

125

Thr

Thr

Arg

Arg

Pro

205

Glu

Gly

Asp

Gly

Thr

285

Leu

Phe

Leu

Ala

Ala

365

Arg

Gly

Thr

Ala

Ala

Arg

Gly

Gly

Val

Ala

110

Val

Thr

Val

Val

Phe

190

Gly

Glu

Glu

Thr

Asp

270

Ser

Asp

Ser

Leu

Ala

350

Leu

Arg

Ala

Asp

Gly

15

Arg

Ala

Val

Gly

Trp

95

Arg

Arg

Phe

Arg

Leu

175

Glu

Ile

Arg

Thr

Thr

255

Ala

Leu

Asp

Trp

Phe

335

Arg

Ala

Arg

Arg

Ala
415

Pro

Val

Ser

Glu

Leu

80

Lys

Gly

Glu

Ser

Ser

160

Val

Arg

Thr

Thr

Leu

240

Val

Ala

Met

Gly

Leu

320

Asp

Leu

Gly

Leu

Arg

400

Trp
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84

Ile Arg Pro Asp His His Trp Tyr Pro Val Ala Arg Asp Gly Ala Arg

420

425

430

Gln Asp Trp Asp Asp Ala Val Arg Leu His Asp Asp Leu Glu Pro Glu

435

Val Thr Arg

450

<210> SEQ ID NO 9

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val Pro His Gln

1

Pro

Ala

Leu

Arg

65

Ala

Leu

Gly

Ala

Arg

145

Asp

Met

Thr

Glu

225

Pro

Met

Trp

Glu

Ser
305

Arg

Met

Asp

Glu

Gln

Glu

Glu

Gly

130

Gly

Leu

Asn

Arg

Glu

210

Glu

Met

Pro

Glu

Ile

290

Val

Ser

Gly

35

Asp

Trp

Pro

Glu

Leu

115

Ala

Gly

Asp

Gln

Tyr

195

Pro

Phe

Val

Ala

Ala

275

Gly

Arg

Leu

20

Val

Phe

Leu

Met

Leu

100

Ala

Leu

Met

Ala

Cys

180

Leu

Phe

Leu

Ser

Ser

260

Leu

Pro

Ala

339

440

Streptomyces griseoflavus

9

Ala

Val

Pro

Phe

His

Leu

85

Lys

Ala

Leu

Ile

Leu

165

Val

Gly

His

Ala

Ala

245

Phe

Arg

Gly

Arg

Thr

Leu

Leu

Asp

Gly

70

Phe

Gly

Ala

Ala

Ala

150

Gly

Val

Ser

Ser

Arg

230

Tyr

Trp

His

Thr

Arg
310

Gly

Met

Tyr

Ala

55

Ser

Gly

Val

Thr

Glu

135

Cys

Gly

Ser

His

Pro

215

Arg

Ser

Thr

Asn

Val

295

Ser

Ala

Leu

Glu

40

Phe

Ala

Leu

Asp

Leu

120

Arg

Arg

Arg

Cys

Gly

200

Leu

Gly

Ala

Arg

Phe

280

Leu

Thr

Ala

Pro

25

Ser

Gly

Gln

Asp

Val

105

Ala

Ala

Ala

Ala

Ala

185

Val

Leu

His

Arg

Gln

265

Asp

Ser

Val

Pro

10

Gly

Asp

Thr

Gly

Tyr

90

Thr

Gly

Arg

Thr

Val

170

Glu

Thr

Ala

Arg

Arg

250

Met

Ser

Leu

Ile

Asp

Gln

Ala

Gly

Ile

75

Ala

Leu

Ala

Leu

Glu

155

Ile

Glu

Cys

Pro

Leu

235

Ile

Ala

Gly

Ala

Ser
315

Gly

Gly

Arg

Ala

60

Glu

Ala

Val

Phe

Leu

140

Glu

Ala

Asp

Leu

Ala

220

Ser

Ser

Glu

Pro

Ala

300

Thr

445

Gly

Ser

Phe

45

Glu

Arg

Gly

Gly

Asp

125

Asp

Ser

Ala

Leu

Arg

205

Ala

Thr

Gly

Lys

Arg

285

Arg

Met

Gly

Gln

30

Arg

Arg

Gly

Ala

His

110

Leu

Ala

Leu

Glu

Pro

190

Val

Ala

Thr

Arg

Val

270

Thr

Arg

Pro

Ser

15

Phe

Lys

Leu

Ser

Val

95

Ser

Glu

Ala

Arg

Asn

175

Asp

Ala

Arg

Glu

Glu

255

Arg

Phe

Leu

Arg

Ala

Ala

Ala

Arg

Phe

80

Trp

Val

Leu

Pro

Glu

160

Ala

Thr

Ser

Phe

Leu

240

Ile

Phe

Val

Pro

His
320
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86

Arg Pro His Pro Glu His Trp Glu Ser Ala Ile His Glu Val Ala Glu

Glu Phe Cys

325

<210> SEQ ID NO 10

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Met Gly Phe Ile

1

Asp

Ser

Val

Val

65

Asp

Lys

Ser

Leu

Gln

145

Ala

Ala

Thr

Pro

225

Phe

Ala

Gly

Ser
305

Gln

Leu

Asp

Tyr

Arg

50

Arg

Leu

Gln

Gly

Ala

130

Glu

Lys

Ser

Arg

Thr

210

Gly

Gly

Glu

Val

His
290
Ala

Lys

Ala

Thr

Leu

35

Ala

Lys

Val

Ser

Pro

115

Leu

Arg

Thr

Ile

Ser

195

Gln

Ser

Gly

Gly

Gly

275

Tyr

Ser

Gly

Gln

Leu

20

Ala

Ala

Met

Ala

Asp

100

Leu

Trp

Arg

Val

Leu

180

Gly

Val

Pro

Arg

Pro

260

Lys

Pro

Thr

Leu

Trp
340

678

330

Streptomyces griseoflavus

10

Arg

Leu

Leu

Trp

Val

Thr

85

Val

Thr

Arg

Ile

Gln

165

His

Val

Pro

Val

Glu

245

His

Thr

Asp

Ala

Ala
325

Arg

Phe

Gln

Gln

Ser

Ser

70

Ser

Ser

Ser

Gly

Ser

150

Gly

Val

Ala

Glu

Gly

230

Arg

Pro

Ala

Gly

Thr
310

Asp

Thr

Asp

Leu

Pro

Asp

55

Ala

Gln

Glu

Asp

Arg

135

Gln

Phe

Ala

Val

Pro

215

Pro

Glu

Gln

Val

Gln

295

Val

Glu

Ile

Val

Thr

Glu

40

Lys

Leu

Asp

Phe

Asp

120

Pro

Leu

Gly

Ser

Pro

200

Ser

Arg

Ile

Leu

Ala

280

Leu

Ser

Asp

Thr

Leu

Gly

Tyr

Arg

Arg

Gly

Cys

105

Asp

Cys

Val

Asp

Lys

185

Ala

Gly

Cys

Asn

Val

265

Val

Phe

Asn

Ile

Ala
345

Gly

10

Arg

Ser

Pro

Thr

Tyr

90

Arg

Leu

Glu

Glu

Arg

170

Ile

Pro

Ser

Leu

Glu

250

Ala

Arg

Val

Ala

Ser

330

Gly

Pro

Lys

Val

Ser

Ser

75

Met

Leu

Ser

Gly

Gln

155

Gly

His

Ala

Thr

Pro

235

Leu

Thr

Leu

Ser

Leu

315

Pro

Gln

Leu

Tyr

Ala

Ser

60

Leu

Leu

Phe

Ala

Ser

140

His

Arg

Gly

Val

Thr

220

Arg

Gln

Val

Ala

Leu

300

Gly

Ser

Lys

Arg

Arg

Ile

45

Ala

Asp

Lys

Asp

Ala

125

Glu

Arg

Ser

Gln

Ser

205

Pro

Asp

Lys

His

His

285

Asp

Ile

Glu

Leu

Val

Thr

30

Glu

His

Gln

Leu

Gln

110

Tyr

Pro

Val

Asp

Pro

190

Tyr

Pro

Leu

Leu

Gly

270

Arg

Gly

Leu

Asp

Leu
350

335

Arg

15

Val

Asp

His

Asp

Pro

95

Val

Ser

His

Leu

Glu

175

Val

Ala

Pro

Gln

Leu

255

Met

Leu

Phe

Leu

Gly

335

Val

Cys

Val

Leu

Gln

Trp

Pro

Met

Ala

Gly

Leu

160

Leu

Thr

Gly

Arg

Asp

240

Thr

Ser

Ala

Ser

Arg

320

Arg

Val
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88

Leu

Ser

Ile

385

Cys

Glu

Leu

Asn

Ser

465

Ser

Ser

Leu

Asp

Pro

545

Phe

Ala

Pro

Ala

Trp

625

Val

Cys

Leu

Asp

Ser

370

Asp

Leu

Thr

Ala

Leu

450

Glu

Phe

Leu

Gly

Arg

530

Leu

Glu

Ser

Asp

Ala

610

Lys

Gly

Glu

Pro

Asp

355

Glu

Gly

Glu

Lys

Leu

435

Arg

Leu

Thr

Leu

Val

515

Ala

Leu

Glu

Asn

Gly

595

Arg

Glu

Arg

Gly

Glu
675

Val

Ser

Ala

Ile

Asp

420

Arg

Glu

Glu

Cys

Pro

500

Ser

Leu

Leu

Gln

Gly

580

His

Leu

Leu

Arg

Ala

660

Gly

Cys

Ala

His

Leu

405

Ala

Leu

Leu

Val

Leu

485

Cys

Thr

Leu

Gln

Arg

565

Leu

Val

Gly

Leu

Val

645

Pro

Gln

<210> SEQ ID NO 11

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces griseoflavus

PRT

<400> SEQUENCE:

338

11

Asp

Cys

His

390

Ser

Arg

Ala

Ser

Pro

470

Glu

Pro

Asp

Gln

Ala

550

Arg

Val

Val

Leu

Pro

630

Leu

His

Arg

Ile

Ile

375

Ile

Cys

Ala

Ala

Glu

455

Gly

Asp

Glu

Trp

Arg

535

Ala

Leu

Gly

Leu

Gln

615

Leu

Ala

Arg

Glu

360

Ile

Ser

Met

Leu

Ala

440

Gln

Arg

Phe

Ile

Ala

520

Thr

Gln

Val

Ala

Arg

600

Glu

Val

Val

Arg

Gln

Thr

Leu

Ile

Ile

425

Arg

Leu

Ser

Asp

Asp

505

Arg

Arg

Leu

Arg

Ser

585

Thr

Glu

Leu

Ser

Arg
665

Val

Ser

Glu

Gly

410

Gln

Ile

Ser

Leu

His

490

Glu

Arg

Cys

Glu

Ala

570

Arg

Leu

Leu

Asp

Gln

650

Pro

Glu

Arg

Val

395

Arg

Gln

Ser

Ser

Val

475

Asp

Thr

Ala

Gly

Ala

555

Ala

Ile

Thr

Ala

Arg

635

His

Arg

Pro Leu Ile Pro

Ile

380

Pro

Arg

Cys

Thr

Ser

460

Gly

Arg

Ser

Cys

Thr

540

Gln

Phe

Ser

Gln

Asp

620

Arg

Leu

Gln

Met Asp Arg Val Leu Pro Tyr Ala Ala Gly Ser Glu

1

5

10

Ser Arg Glu His Gly Pro Thr Val Ser Glu Arg Thr

20

25

Glu Ile Val Val Gly Gly Gly Gly Leu Leu Gly Arg

35

40

365

Ile

Asp

Phe

Ala

Arg

445

Ala

Arg

Tyr

Val

Arg

525

Tyr

Lys

Leu

Pro

Ser

605

Leu

Gln

Asp

Ala

Ala

Val

His
45

Leu Asn

Glu Asp

Asp Asp

415

Asn Leu
430

Asp Phe

Ser Ile

Leu Met

Leu Arg

495

Ala Ala
510

Arg Phe

Arg Met

Thr Ile

His Tyr

575

Ser Arg
590

Ala Lys

Tyr Thr

Gln Glu

Arg Pro

655

Arg Asp
670

Leu Leu
15

Ser Ala
30

Ile Leu

Pro

Gly

Glu

400

Glu

Pro

Leu

Phe

Thr

480

Leu

Val

Ala

His

Pro

560

Lys

Val

Leu

Ala

Ala

640

Ala

Met

Ser

Gln

Gly
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-continued

Val Leu Gly Asn Arg Leu Ser Arg Arg Val Arg Ile Pro Trp Asp Asp
50 55 60

His Gly Arg Ala Cys Glu Gln Leu Tyr Ala Leu Gly Arg Asp Leu Ala

Gln Gln Pro Ala Arg Trp Asn Leu Tyr Trp Cys Ala Gly Leu Ala Val
85 90 95

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

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

Thr Gly Gly Ala Leu Phe Leu Ala Ser Ser Ala Gly Gly Ala Phe Ala
130 135 140

Gly Ser Glu His Pro Pro Phe Thr Glu Phe Ser Pro Pro Val Pro Thr
145 150 155 160

Asn Pro Tyr Gly Ala Ser Lys Leu Ala Val Glu Glu Glu Ala Glu Val
165 170 175

Leu Ala Arg Arg Trp Arg Leu Pro Thr Val Ser Gly Arg Ile Thr Asn
180 185 190

Leu Tyr Gly Pro Gly Gln Asn Leu Asp Lys Asn Gln Gly Leu Val Ser
195 200 205

Ala Leu Val Lys Ala Gln Leu Thr Gly Glu Pro Leu Arg Leu Arg Ala
210 215 220

Ala Leu Glu Thr Thr Arg Asp Tyr Ile Tyr Ala Arg Asp Cys Ala Arg
225 230 235 240

Met Val Val Ser Ala Met Glu Thr Val Arg Ser Arg Thr Arg Gly Thr
245 250 255

Asp Pro His Val Arg Lys Ile Phe Ser Ser Gly Arg Arg Leu Arg Ile
260 265 270

Asp Glu Leu Leu Arg Ile Ala Glu Arg Leu Phe Asp Arg Pro Val Pro
275 280 285

Val Val His Glu Pro Val Ala Gly Gly Ala Asn Val Asn Leu Ser Val
290 295 300

Glu Ser Arg Val Trp Ala Asp Leu Glu Ser Ser Pro Phe Leu Ser Ile
305 310 315 320

Glu Glu Gly Met Arg Ala Val Arg Ser Asp Leu Arg Tyr Arg Leu Gly
325 330 335

His Gly

<210> SEQ ID NO 12

<211> LENGTH: 33825

<212> TYPE: DNA

<213> ORGANISM: Streptomyces griseoflavus

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (21413)..(21736)

<223> OTHER INFORMATION: ORF16 shown on this duplicate of SEQ ID NO:1
due to sequence overlap with ORF17

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (22992)..(24164)

<223> OTHER INFORMATION: ORF18 shown on this duplicate of SEQ ID NO:1
due to sequence overlap with ORF17

<220> FEATURE:

<221> NAME/KEY: CDS

<222> LOCATION: (24449)..(25225)

<223> OTHER INFORMATION: ORF20 shown on this duplicate of SEQ ID NO:1
due to sequence overlap with ORF19
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-continued

<220> FEATURE:
<221> NAME/KEY: CDS

<222> LOCATION:

(27552) .. (28481)

<223> OTHER INFORMATION: ORF23 shown on this duplicate
due to sequence overlap with ORF22

<400> SEQUENCE: 12

ctgcagatce

gtcgecgacy

ctgatggagg

tceggegace

ggcgacggcc

gtecgacgagg

acctgeeege

gcccaggagg

tgggtCCng

gtggtccagg

ctgageggea

ccegaggagy

cggetgacgt

tacgcegacy

ctccaccacy

gegegecteg

accaccggtyg

gthgCCng

ggactcteeyg

cagggcggey

gtgccgcacy

gatcgecgeyg

ctegeegtag

cgacteegeg

gatccaggag

ggcctegecy

cteggeggec

cagctcgggg

gatgtggacg

ccegacgagyg

gtcgtcegaac

¢gggcggegy

dgcgacggceyg

agggecggey

ggcctecteyg

ctegeggagt

ccaaggtcat

ccgaccagat

tggCngCCg

gegeccagge

tgaagaacct

cegecagage

cegeegtecyg

agcegggecc

gctacgecte

gcagcgecge

tggcggccga

aggcggcgac

tcggaccgac

ccaagtgatc

gecegetegt

cccacccgcece

tagecggtegg

ceggegtgec

tgccagtege

geceggtteac

atcaccgete

cgcggatcegg

gggtcggcca

taccggecga

acggcteega

gtgcgaccgg

tcgteccega

accecggeage

tcgtgacgge

gtgacgatgt

gggggtacgg

cggtegtect

gegtaccage

tectegegygy

cggggtgcgg

acggecgeect

cegecgeged

ggaaccgagg

dgagggegac

caagctegec

cgecegegete

c¢ggcgaggag

cccgacggac

agcggeccga

gaccgacgcee

cgactgggec

actggtctte

ggtggcggag

ccecegtgege

agctecgeegyg

cegtgeegte

cecegetegeg

ctegggegte

ccagcagecg

cgtgececegge

ccagceggag

cgatgeggte

tgtgctegta

actgcecgega

geccttegag

geegecgeca

tcaggaagtyg

geegeegege

c¢gcgcaggag

cceggteace

tctecagete

acgcgacgtyg

ggtcggggee

gcagggeggt

gtgcggegte

cgecectegeyg

cgceggagtac

geegtegecy

gtgctggegyg

ctctaccagt

gtceteggeyg

aggcgecget

ggcegteteyg

gacgceggcegy

cegtgggece

cgcgceccggyg

ctgetgetge

ttccagcacy

gegatceegge

ttccegttea

cegggeacceyg

cagcgceggey

cagcagcaga

c¢gegeggege

cagggcgcgce

gaggatgcge

gtgggegtag

ccecgatcacy

caggttgeeg

gtgggtgagg

cagcagcecc

gatctccage

cagcceaged

cacccgcagyg

gtaggggtgg

geceeegecy

ceggtegece

agcggtgtge

gggttcgacg

ctcggegggg

Cthngggt

gggtgeggeg

ggcgeecteyg

accccggety

ccatcteeey

cggtgtecga

cecgtetacgyg

tcceccaagge

tacggacctyg

aggaggcecegy

cggaggccga

geegettege

tegeggeget

acgaggtgat

agtccgecga

cgacggcggt

gccacgagte

agcgccgace

cegtactggt

agcagttegyg

accaggccga

aggctetect

ccgatgttge

agcgagcgece

aggtggctga

ctctgecgea

cggtggttga

gegeggtegyg

agatcgceca

geegecegece

agcaggcgga

gtgcccteac

caggcgaagg

CnggngCt

atcgcggtga

tgctegegey

geggeatect

ccctegegga

cggagtacgg

of SEQ ID NO:1

gegectegte

cgaccecgge

cegegectte

ccagacctee

ggtggectac

gCtgggCCgC

catccegece

ggceegeceg

ccgcaactte

dcggaggacg

cgtgcactge

cctegecgge

cgtggagtge

cgcgcaacte

gecactgete

dgcgggecag

cgcactegge

gCnggtCtg

cgaagtgcgg

agtgggcgga

ggtgctggtc

gggtgacggce

gtgccegete

dggcegegecg

tgagggcgag

gegegeacge

cgagcaccte

ggagtacggc

cggegtaceg

cegececcge

gggacggggt

gggcgcgttc

tgceggtecy

cgcggagtac

gtacggcgece

catcctegeg

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160
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gagtacggca tcctegegga gtacggegte ctegeggagt geggegtect cgeggggege 2220
ggtctgegga ccegecgeeg ctegggeteg ttegegggeg aagtcacgga ccaggtegtyg 2280
ggggacgtag cggccgtacg cggtctecte cacgagggee acgtcgacga geeggtecag 2340
cgeggectee geceggegtt cgeeggtgee ggtgagecgg gegageageg gegegecegta 2400
ggcgggcagyg tcgagegege cgatgeggca cagggcegagg goeggegtege ggteegtetce 2460
acggtceggag acggtgageg cgtegtgege gacggecage gageggegea cgetgaggte 2520
gtcgtactee aggtgcggca accggctgtce ggtggcggag agctgaccgg cgaggtegte 2580
gggegtgagg geccggegeg cggegagecg ggcecgegace accegcaggyg ccageggaag 2640
ceggecggty agegegacga goegggtgece ggegecgaga cegtceecgge cggagaccege 2700
ccgcageagyg geggcactgt cctegtegga cagegggeeg agegggacac ggacggcace 2760
gtcgagegty gtgageggeg aacggcetggt gacgatcace geacagecegyg gtecgeccgg 2820
cagcagegge cgcacctgeg cggegteege ggegtegtece agcaccagga gggtgegggt 2880
gggcgegage agegagegca gcagggegge ggcecgegtee ggecgttegyg ggacggegea 2940
gggcteggtg cccaggtege gcaggagage gctgagggec tgggceggggg tgaggggggt 3000
catgccgggg gtcecgtgcegt gcaggttgac gtagagctga ccgtcgacga aacgttcecgce 3060
cagtgtgtgt gcgacctgga cggcgagcgce gctcecttecce acaccagcgg taccgctgac 3120
gacgacggca gggggcccegg cggegggceeyg gggggcacgg gtgagcacac ggatcagetc 3180
gtceegecace gegtecegee cggtgaagtyg agcaggcegeg ggcggcagtt gegeeggect 3240
gggcggcaca ccgceccecte ctgeggecte cgegcaccga cegtgetect geegetecec 3300
ctgecccege agcaccteca cgtgggecte gegeacccee ggecceggtt cgacgecgag 3360
ttegteegee aggcgggecoe gcagatceeg gtggaccace agegectecg cctgacggece 3420
ggtgcggtge agcgcgagca tcagctgacg gtggtacgac tcccgcagceg gatgttegge 3480
ggccagtgee gecagttcegg gcacgagate ggccaggege tegecgecca gggecagtte 3540
ggegtegtac cgeccactcca ggagcagcag ccgegecteg cgcagecgeco gcaccaggge 3600
gtagcegece actteegggg gcatcecegge cagegggtte ccccgecaca gegegagege 3660
ggeggegeac tcgegegeca cecgetecca gtecegggeg gtgtgegegyg cgegggegge 3720
tgcggtgtge gegtcgaaga cctggacgtce cacctcegecce tcetceccacce gcagcagata 3780
tceggtggge acggtgagea gecggecegg gtegtegage ageegecgca accgggegac 3840
gtgattgtge agcgagggca gegeggagac gggceggcegea ccgecccaca gggegtectt 3900
cagcgecteg acggacacga cccgeccgge gtegageage aacgcgacga acagegcacg 3960
gagtttggga cttccggtca cctggacgga cccgggggeg tegggcccect cgeccgtegta 4020
cagcaccggt gttcccagea gtecgaacceg cagtecgege cgtgtcacge cgcaccactg 4080
cctteegggt gaccgaacgg acaaccaatg gccttatgtt agcgatccgt tggcaaagtce 4140
tgatgtgatc actacatcgg atccggecccg ggggtgcgeg cgtagaacgce gcagctceggg 4200
ggagtgtcege cgecgeggee cggtcegcac acgagggtte ceggteggac agaggtgaac 4260
ggcegggecece tegttetett ctgeccgecge gttcegecctt cgggtcagat gacgggeggce 4320
cgtecgagee gggtgageceg ccacaccgte cgecagegea tggecegecg ctecceggec 4380
ggctceegea geccctecge gaaaccgccg aaccaggcege gcageccctyg gaccgaccga 4440
gtcegeagea gggtgagcag gacccacacce ccgaggtgca cggggatcag cgegagegge 4500
agccgecgee gggecageca gacceggttyg cgggegttea cecggaagta gatcgegtge 4560
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cgggeeggeg aggtettggg gtgctggage agecaggtegg gegegtagag gatgegecac 4620
cecegegtegyg cggcacgeca ggcgaggteg gtetectegt gegegaagaa gaacgegecg 4680
ggccagtege cgatctegte gagcatcgac atccgcageg cgtgeccgeco cccgaggaac 4740
ccggtgacgt acccgcccett catcgggtcee gectttecga gecggggcac gtgeccgetge 4800
tgcgtetece ccagetegte ggegateegg aagecgacga cgecgagecg gtegtecegece 4860
gegtacaact cccccacceg gegcagcaca teggegteca ccagcagacce gtegtegtec 4920
agttcgacga cgacgtccac gtccccgaac tcecgeagec getegatece cacgttecege 4980
cegeceggge agcecgaggtt cteegecage tegacggtgg tgacctcace gggcagggac 5040
agcegeeggyg cgaacteggg cagcggacag ccgtteccca cgatcacgat ccecgegeggge 5100
gecacgtect gettegecac ggactccage agegegtceca ccteggeegyg ccggttecee 5160
atggtcacga cggcgacgge gatcctegge gtecccatge cetcacceca ctcecaccegg 5220
ctgcteeget gacgggcgat gctaaccgtt cacggtgagg acgcatgcat gacacccacce 5280
accgeggegt actcegeccee cgecccacac gaacaggaca cacgtgtece tggtgetege 5340
ceggggacga cceggagggge cecgtgegge agecgeggece ggcetgecgea cgggggecgg 5400
gagcggtege cggtcagegg gtggtgacga aggggctctg gtgegtgtge ggggtggtga 5460
gttcgtcgag catggcgatce gcgaggtege ggcgegtcegt ccatgcecegt ccgecgggaa 5520
ggtcggeggt gaccegecage tegtegeceyg ggegtgecte gtegetgage cgggegggac 5580
gcatgaccgt ccactccagg tcgegggctce cggtgaggat gtectcecatg cggegcatgt 5640
ccgegtacag ggtcegeceg gggecgttge geaggatgece gtagaccgge cgetgecate 5700
gecacceegee ccgggtgace ggatgtgtca ggccggeget cacgacgacce aggegectga 5760
cgtecgeege gegeatceceg tecacgacgg ccegggegga cgecgagtag accgtgaceg 5820
gectcecagga gtacggeget cccaggcagyg acaggacgge gteggegecce ttgaacacgg 5880
acgtcatgtc cgcgacgtcc gtgacgtccg ccgtttecac ggtcagecte tecccececggag 5940
tgaccgaacce cggacgecgg acgacggega cgacgtecatg gecggecgca caggcecaggg 6000
ccgtcacctg cegtecggte gggccgettg caccgagcac tgctacttte atgecgtcete 6060
cagacgatgc gcggacgatg tacggacgca tgcggacgat gtgcgtcgtg cggtggtcega 6120
gaaggtgcce cggteggege cectteccgaa cgacgeccca tegtaggagt cgeggegecc 6180
ggccecegggt ccgaggecgt gggcaccegte gagaacagge cgcccgggeyg gggeegttge 6240
ggegggegee acggageggg agegegggeyg gcacgeogee ggetcecegeco cgegtteceg 6300
ggcggcacge cgccaccect caggaggage cctgecgege cgtecgegeyg gacgttgegg 6360
gggcegtect ggecagtteg agggcegecca tcggacagga ccggatcaac cgetecacct 6420
gecggacate gecgaacceg teggeegece ccegcetgagac ggtgatcetge tgetegggge 6480
tgcggaagac ggccctggac aacccctege actgttegtg caactegeac cgecggecgt 6540
cgatcctgac caccgtcacg tectcgacgg gctcaggcag ttcecgtceccatg gaacgtcaca 6600
tcecatectet cgatcccecgeg gatggtgttg tgcagcectece aggtecggcte ceccaccteg 6660
atcctgtega cgtgacggac cagegectee aggaggetet gecectccag gegggacagg 6720
gectgacega cgcaggegtg gataccegtge ccgaaaccga cgtgetggge cgegecctge 6780
cgggcegacgt cgaaggacte cgggtectte cagaaccget cgtcacggtt ggecgaacceg 6840
aagaggagga ggacgcgcga tcegegggge agegeggete cgeccagete cgtgtecteg 6900
gegacgtage gggtgaacce gegcagegge gattccagee ggatgatcte gttgaaggec 6960
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gacgagacca gggaggggtc ctcccgcaga cggegecact ggtectggtyg cgtgecgage 7020
agccacagca tgctggagag cgcgetgacyg gacgtgteca tggacgggge gaggaagtca 7080
ccgagcagtce cgggcagcag cttgtcectceg atcttgeect cgcecgggcecte cgagacgagt 7140
tcggcaccee agcteccegg acgcagattg cegggetgtg acatceggtyg gaggaacteg 7200
cccatetege cgagcagegg caggccggece cgegteeggt cgttcagggg accgaaggeg 7260
ttgaatcecgg cgctggccca cteccaggage ctttecttece cectegeccte cggecatcece 7320
agcagatcgg gcaccacgge cagcgggaag gcgaccgega agtectggac ggegtcgaac 7380
gacttceggyg cgacgaggtce ceggacaaga cggtccgecce aggacgtgac gtaccegttg 7440
atgtcggeca tcgegegggg ctteaggtgg cgggecacga gecccegeac gtaggegtgg 7500
tacggcgggt cgctggtgaa gctactgcece ttetgcecgect tgttcagggt gtecggtcaga 7560
ccgacgeoct cgecggacac gaacgtgecg tggeggtgea gggecgegta cacctegteg 7620
tagcegggegyg cgcagtgecac ctggtgegee gtcaggtaca ccaccggtge cgegtegege 7680
agcgcaccgt acagggggta cgggtceggtt atcgacgegt cecgtgtacgg atcgagatcg 7740
aggtggggga tcgtcgatgt ggagatcacc gcttcatcect ttceccgegcga ggaggtette 7800
gatcagegge accatgecca cggecgtegyg cgeggtegeg cectgeteeg ccagteteceg 7860
ggcectggag gagtaggacg gatccccgag catctecttg accacctgeg tgatcgecte 7920
cggggtgeccce tectegeggt agagcegtcecceg cgcgcacccg tagtccgtga ggtgcettcag 7980
cctegggacg aaggcctega aggggttgag gatcagetge ggagtcgceceg tgttgatggce 8040
gttgatggcc gtcagtccge ccgecggatg gatgatcacce tcacaggtcg ggaggatggce 8100
ctccageggyg atccagecgg cgegcaceeg ggggtactte tectgeagee getgecccte 8160
cgectegeeg atggecacga cgacctegac ctegagetece agcageccett cgacgatgge 8220
cgagatgegyg tccategege cggggaagge gtaccggaag ctteccatceg tcaggcacac 8280
gcgeecggeg tecggagecg tcagcatcca cggctecgate geccgcetgca tgttgtgegg 8340
ggtccagege atgaaggtge cggtcgecce gaccaggeceg ggcgggcaga tgtcgatctt 8400
cagtgagggg tcgggcagtg cgtccgagce gatcctggece agctecgtceeg ccatctecte 8460
gaggaggtac tcctegtage cgccgacgte gaacaggtcce caggactgec ggacgaaggg 8520
gatgccgagg aaccgggcegg cgatctegge accegtgtece tggetcecceg cgatcaggac 8580
gtecggegece cacgtceeggg cgacgtccac caggtegteg aagacgtgge ttecctgacg 8640
cccgaaccag tggcccaggt agggcatcte ctgttecggge cggtgggggt actcgatcegce 8700
cggcttgeeg cecggeggecg ccttgatgcet cteggtegtg tgccceccggg ccaccgggag 8760
ggacggcaga ccgatgcecgg tgacggegee ggacatctee tcegaaggacyg ccaccaggac 8820
gtegtgeceyg gacaaccgga gtgccgagge gaggggteeg atggegaacyg cgetggecgg 8880
gctegtgecee geggcegtaga agagggcectt cacgcggcege cctcecccecgtga ccggtceectt 8940
gtcgegttee gecgaagtagg cctecttcag geccacggte tcegaagtcga tgacggcgag 9000
geccgaggte agcagacgac tcgaacgcag ctcccggace aggtccaggt agttgtecat 9060
ctcgtcecgaag cccaggatga agaaactctce cgectcacgg ccgtacttga tggcgcgcac 9120
cggtgttatc tcccecgcecee gettcacgaa ggcgccgatg ctggggaaga cgtgctegtg 9180
ttcgaccegtg atgcgctegt cgagggacaa ctegtaccac ggggtgaggt agttgacgac 9240
aaggacggcg gcgaacttca tgccgggcte tcecgateggg ttgcctgcgg acgcagtacg 9300
gcatgcatgt gccagatgtg ggagacgacg ttcccggctt cgtccaccat ctgggcggceyg 9360
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aggttgtcgg tgggggcgtt cacctcgaag gtcecgcgggt cgaccatctg cgcgacggcece 9420
tceggeggca gegagetgtyg gtaccgegte gectecgatca cecttgatgte ccagteggeg 9480
ccgaacgect ccegeaacte cggtteggag atgeggegeg gacccgggta gtegggggte 9540
agctcectteg agaaggtgaa caggtgcagce tcggcccect ccecttgcacag ggtccgcagg 9600
agctcegtgt agcgcggcac ctectectge ggcagcegtgt ggaagaaggce getgtccagg 9660
acggegtegt accggacacce ggactecgeg aggeggaagg cgteggtcac ctggaagteg 9720
acgctcacge cgtggteceg ggecttgteg cgeccgeact ggacggegac ctecgagatg 9780
tcgaccegegyg agacccgeag ccecccgggaa gecaggtaga gegegttgte tcecegagecceg 9840
cagcccagat cgagcacgtg cecgeggaag ccgecgegat cacagatege gegtacggece 9900
ggctgcggge cgccgatgtt ccacggcatg agggggcctg acttcteccecce gtectggtag 9960
agcttctecga aggggatctt ctececgtgetg ccececgttggca tcgagecgceca ctectetcag 10020
agtcctatgg acatgctgtg atggaaggtg ttcaaggggt cccacgcgeg cttcecgecgac 10080
cgcagacggg cgtagttgtce cttgtagtac aggtggtgce agggctcccce ggageggttg 10140
cgggcegggt ccaggagatce cgcgtegggg tagttgatgt agcageccgte cgtgeggcecg 10200
ccggtgacgg gcacccectee cgtgeceggeg aagaactcect cgtagagccce gegcagccag 10260
ccgaggtgca gctcegtcecag ctceccgegtee tgccaggecg agaaccagga cgacttcacg 10320
acggagtccce gectgggggac ggcggcegtcee gacggcccce gccggttgat ctcecteccceg 10380
tagctgttga acatgacgta cgaggcctgg ccggggtggt cggcegtgcag gtgcceggtgg 10440
agcaccgaga gctgctcegte ggtgggtgcece gcgeggtggt aggceggactt ggaggceggag 10500
cgggcgecca tgacgtcacce gcagteggcece tgactcatgt agecgggttece ggtgagccag 10560
ctcatgacac cccctecgggg gatgcccacce acgecggtge ccteggtcag ggacgcgacyg 10620
aaccgcgcga ggatctcegece cteggggtee acgtcggegt cctgctggac catcagectge 10680
aggacgcccg agctgacgtg gttcacgaag aaggtggcga acagcgagga ctccggcgac 10740
cceggetegg agtggegtte atgccactceg aagaaacgtce tcatcacagt gacgaaggac 10800
gtctegtega tcatggccca ggggaacacce accttcectgga cgtgcagtcg geccecggceggeg 10860
cggggcaggce cgacgggttce cgtggcgagg tgctccggge tgcggaactce gtacgecgtg 10920
accacgccga agttgccgec geccaccgcecg gtgtgtgece agaagagctce accgagatcg 10980
ccggtgtegt cggcectege cgtcacgagg cgaacggtge gggactcecgtce gacgacggeg 11040
acctccaccg cgtgcaggtg gtcgaccacce agccccagct ggcgcgacag cggcccgtaa 11100
ccacctecgg cgaccaggcec geccatgeceg accgcggage aggccccgag cggcagggee 11160
gcgtteccace ggcggaacag ggecttetgg acctggtcga ccecgtcecgcacce ggaaccgacg 11220
cgcaccecgg cgcecgteege ggccgggcecg atggcatgga ggttgtgcag gtccaggacg 11280
aggtccegge gecggcgtgece gacgaagtcece tggccgcagt gaccgecgga ccggcaggeg 11340
acccceegece ctteecgtgac ggcecttetge agggaggcga cgacgtcegte cggcgtggeg 11400
gggaggaaga actcctcggg ctcegacgacg aaccggtggt tgtccgagtg cgacagttcg 11460
atgtaccgcg ggtcectcecgeg geccaccgtg aacggcggta cggaagcggt cacgacgcegt 11520
acccctegac cgactgggtg aacacggtcet cgtaggtgtt ggactcccecge gaggtcagca 11580
gcgecttgee gegtgegege atctcecceggt cgtgegecgg gegttectee tecgggcatgg 11640
cgtggaacgce ctcgtaggag gecgcegtcegt cccactggge gtagttgatg accatgtege 11700

cgtcgagege cctgaggatg ctgtgggacce ggtaccecggg cacctgceccge atccagtegt 11760
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ccggcettete cagcagggac acgagctcege cctggtectt ggggtcecgcac cccatcagga 11820
cgatgacggt caggtcccecce cggteceggge cgatctecegt gegggeggca ccgtectteg 11880
tctggacgga caccaccteg gtcecttcagca ggtgcaccga cgtggtgagt tcecggtgaagt 11940
aggggaccgt gttgtgcttg aagttcectccce cctegtaccg ctecectcagg tegttgateg 12000
accgccactg tatgtagttg gecgcacagg gcctcecgecac ccceccegegtge agggtcecgacg 12060
accgccatce cgggtagtte gegttegega tgatgcecgeg catggegtece aggagggtceg 12120
cctgettete cgagtcggtyg gtgttgaaca ggttgaacac ggtcagggag ccgttetcgg 12180
gctcgatgat cggcatgagg ccttceccatga ggtgteggac ggccccggag ggceceggcetgt 12240
ggctgatggg ttctgaccte ggtgacgacg aggacgcggg cggccggctce tccecgggecge 12300
ccggaccgece tgtcecgggatg cccgecgcac accecggeccg gcggccggceg tcaccggetg 12360
cggggagagce ccggtgtacce ggtctcecccee gagaccttee ttecttcgac gacggactgg 12420
agtcecggege ggctgaccece gaccagcetceg atcccgacct cggccatcag gagccecggaac 12480
tcetecacgg tgcgetgttt gecttegcac aggaggagca tgtccatgte catgagggag 12540
atcgecettgt cecgcecgtgte gtccaggccee gccacagect ccacgacggce gatgtgegee 12600
ccetegtgea tggectceege gatgttectg aggatgagac gggaacggcece gtecgteccag 12660
tcgtgcagca cgttggagat catgaacagg tcgctgcccg acggaacgcce gtcgaagaag 12720
gagcecggact tcaccgtgac gcggtgggec accgccgcegt ccgacagctce cggcagggac 12780
cgcgacacga cgtccggetyg gtcgaagagg acgccggtca tcecteggggtg cttgecggage 12840
acggcggcca gcagcgceccece cctceccecceg cccacgtegg tgacactget gaaccgggag 12900
aagtcgaacg cctcgatcac gggctggatg acgcgcttgg acagttcggt catggeccgag 12960
ttgaagacgg ccgcggtgtce gggatccgac tccatgaact cccacacgcece cgaaccgtge 13020
atcgcggcga agggagagceg gcecggtgcege accgcggtgg ccaggtgggce ccaggtegeg 13080
cgttecggecg tcgacccecegt ccaccgegeg aagttgcegca tggagecgtce gtcecggaggee 13140
agggcceceggce ccagctcecegt cagctcecage gtgtcegtget cgeccctecg cagcageccece 13200
acggaggcgce cggcgcggaa gaagcgctcece gcecggtgtegt gcectceccaacce cagccggace 13260
gccagttgtyg cgggcegtcag cccegeccggeg geccaggccgt cggcecacgcece cagttceccgeg 13320
aacgtgctga cgacaccggce gcgccagcect cccatcagga ggtcgaggat ctgcacageg 13380
acgggtgcecg acgggggcag cgatcccgat gcagtaatgg tcatgatgtce ccttecgactg 13440
gtggacatgc ggggaggtga ggcaccgctg caagggcagt tcgctctcga acacactttg 13500
ttegtgatge ctcaccggeg ctaggtatcce tcatgggatg gtcccgggaa gcagegectg 13560
aactgcgcag agtgctgceg gacgggagcg gatcgccege ccgcactcetg cggctggtgg 13620
aacggacgac cgtgcggagce cgggccggca cggtccggtg gaagggcggce cctgeggtga 13680
tcegggegge ccgcecccegt getcecceeggeg tceccacgete cgtaggcecgeg ggacgecgga 13740
cacctcatga tcccgacgac ggccctgtgg ggtecggecg gcgacggggce getcecctegag 13800
gagcgcggtyg ctacttecgceg tccacgtegg cttectegge ceccgcegggga gecgttcectece 13860
cteccccactg ctgggcecgtece cecttgggee gcgggatgag gaaggtcgece agcatcccga 13920
gcgeccageag cgcggcgcag gtgtagecgt tgatctggat cgcgtacgac atggegtcege 13980
gggcggcgte ggcggcggcee gcegtgteeg ggttetcact cagtccggag atcatcgege 14040
cggcgcetgte ggagaccgec gacgacagct cgttcgecte cggcegegggce gtccectggt 14100

cgacgagccg gtcggacagg tcggagtcca gtgecgtgaa gaaggtcgac gtcagaatcg 14160
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cgatgccgag cgcggaaccg agctggegtg cggcgctcetg gatgccggat cectggecgg 14220
cgtgecegegg cggcacgtec gecaggacga cgttggtgac ctgcgecgta gcgaacccga 14280
ctcccatgee gtacaggaag agggcgatgce cgatgaccca ccactgcgag tcgctgctgg 14340
ccagcagacc gaacatcagc agaccgacgg cctcgaggac gaggccgatg cgcaccagece 14400
cgatggggcce gacgttcteg gecatgeccga agctcgcace gctcegcgaag aagctgccga 14460
ccgcgacgac gaagacgatc agtccggtcet ggagcaccga gtaccccage gtgtactgga 14520
gccacagggg gagaacggcg agcatgcecga actccgccag cgcgatgatc agegtcgcecga 14580
tgttgcececgt gectgaaggac ttgatgccga acagcgaggt gtccatcage ggcgecegtge 14640
cgtccacceg ggtgagcegg acctggcgcet gcaggaacag ccccaggcac accacggaga 14700
cgaccagggc gaccgggatg accgacagct ccaccgggtce gccgaaggga ccgaagctcet 14760
tgcgegggte ccaccageceg tagttgegge cctcecgatcag cgcgaaggcg agaagtccga 14820
ggcccagcecac cgacagcacg ccgcecgacgg cgtcgacctt gececggectge gecgggggact 14880
ggtccaggaa cttcatgacg cccgcgatga tcagcaccac gacgaagatg ttgatgccga 14940
acgcccaccg ccaggagaac tcggcgagcece agccgceccag gagcegggcecg accgeggcegg 15000
ccgcaccgat cgtggaccece cagatggcga aggccttgee ccggtegget ccccggaagg 15060
acatgttgag cagggcgagc gaggtcggca tgatgatcge gccgccgacg cecctgggcga 15120
accggetgge gatcaggagt tcecccecggagg gcgccagggce ggcggcgatg ctcecgecagee 15180
cgaacaccac ggtgccgatg aggaacagcc ggcgtgctcece caccacgtcce gacagacgcece 15240
ccatcaccag cagcagagcg gccaggatga tcgcgtagga ctectggatce cactgggcge 15300
cgaaggccga gatctcgagg tcegtcgatga tcggcggcat caccacgttg acgatggtga 15360
agtccacgac caccagcgac acaccgagag aaatggcgag caagcccagce caggggtcce 15420
ggttggcegyg tgaggaccga gttggattgt cagacactgce gttcatcegt cctatgtgac 15480
acacatggcce cagttgggtc gecgggggceg agacaagggg dtagggcggg ggagectcce 15540
gccececggeg caatggcact atgacaggag aagaggacgg attctgacct ctactgacac 15600
cgatccggag ggcaattctt gatcgccaac cgcacgttgg aactcctcag cctgttacag 15660
acccagaggg agtggaccgg tgacgggctg gccgageggce tgggtgtgte cccgeggace 15720
gtcecggegeg acatcaaccg actcecgcecgag ctgggctace ccgtcacggce gacgaaaggce 15780
ccetecegget cctaccgget gtecccecgegga gcecgegtette cteccctgat agtcgacgac 15840
gagcaggccec tcgeccatcge cctgtcecectg cagaccgcge cggecteggt gaccggcatg 15900
ggagacgcca ccaaacgtgce gctgaactcc atccaggaac tgttgccacc tcatctggee 15960
caccggcteg ccaccttete cgtcgaacag atcgagaacg cgtgggaact cgctecgecg 16020
caggtcgacc cctcecectget cgcacagcte agcagcgecg cccagcagceg tgacctegtg 16080
aggttctecct accgctccat ccaccacgac tcgatgcagg acggggaggt cctggecgaa 16140
cceccacegge tegtegtetg gtegggacge tggtacctgg tggectacga ccagcagcegg 16200
agctcatggce acgcctacceg ggtcgaccgce atcaaggatce tggcgceccac cgcctggcege 16260
tteggcgage gggagggtcece cgacgaggac atcacccgct tcgtacagaa ccagceccgat 16320
cgecggtgaca ccccggacac ctggeectge tggggcaccg tcecctgatgga gtgtecccgeg 16380
tcgetggtgg cgaagtggge cccgggagtg gcgagttteg aggceggtcga cgacagggte 16440
acccggatce agatgggcge gtggtegtgg tcecggcgetca tecggcttect gatcacctte 16500

agttgceget tcaccgtega gggtecgcece gaactcecgteg ccgeggcegeg gagggtgatg 16560
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ggcctcateg acgtcecgggat tcegtcecgcac gacccecteg cggagceccgtce gagecgcaca 16620
cceggeccct cggecggeceg gtgacgecgt ggccgcggca cccccgcace geggggaace 16680
gccgggteag cggaccgcect gteccagete ggcgegcetge cgcagceggtt cccaccagte 16740
ccggttetee cggtaccagg agacggtcte cgcgaggcecg gtggcgaaat ccttgegggg 16800
ctegtagecce agctceccaggg tgatcttgge gcagtccace gagtagcegece tgtcgtgtee 16860
cttgcggtcg gcgacgtact ccaccgactce ccagccggcece ccgcacgcect ccaggagcag 16920
tgacaccagt tccctgttgg tgagctecggt gccgceccgecg atgttgtaga cctcecgecggg 16980
tctgecectte gtgcggacca gttcgatgcee ctggacgtgg tecgtcgatgt gcagceccagte 17040
gcggacgttyg agcccgtcecce cgtacagegg gacggtgcgg ccectcgagga ggcegegtgat 17100
gaacagcggg atcagcttct cggggaagtg gtgatggceg tagttgttgg agcagegggt 17160
cacccggacg tcgaggcegt gggtgeggtg gtgggcgagg gcgacgaggt cggcggcgge 17220
cttcgaggcce gegtagggeg aactgggtga cagegggtge gtctccggece acgaaccgta 17280
ggggatcgag ccgtacacct cgtceccgtgga gacctggacg aagacgccgce ggcecgcegtee 17340
gtggtggcege agcgcecgcegt cgagcaggac ctgcgttceeg cccacgttceg tgcggacgaa 17400
cteggegecce cccaggateg accggtceccac gtgcgactcece gecggcgaagt gcacgatctg 17460
gtcgtgcteg gecgaccagcee ggtcecacgac cgcggegteg cagacatcgce cctggacgag 17520
gcggaacceceg gggtgggcac ggaccgggtce gaggttggec gggttgcegg cataggtcag 17580
tttgtcgage acggtgatgce ggaccccggce gggcccgtge gggcecgagca gggtgeggac 17640
gtagtgggag ccgatgaagc cggcaccacc ggtgacgagg atcctcegtgg cggtcatgac 17700
gagatacgca cctegetgtg gtecccgagg accagecggt gggceccgecegg cacaccggceg 17760
gcgggggtcea cctecgacgtt ccgeccgatce agggaactcet ccacgcggcg gaccccecctgg 17820
accgtggccce cggcgaggac gatggagaac tcgatctcege tggactcgat ccggcagtcecce 17880
gccgetateg acgtggacgg gccgacgtag gagccggtga tcecgegtgtt ggegecgate 17940
acggcceggece ccacgatceg cgatceccegegg atctcecggege ccgectcecgat cgtgacctgg 18000
ccgatgacct cgctgtcege gtcgacatag ccgtcgacce ggeccttgge gecctecage 18060
acggcceeggt tgacctccag catgtcegatg acgttccegg tgtcecttceca gtaaccggaa 18120
atggtggtgg agcggacgtc gtaccegtgg tcgatgagcee actgcagggce gtcggtgate 18180
tccagetege cgegtgcgga cggctcegatce cccecggacgg cctegtgcac cacggaggtg 18240
aacaggaaga cgccgaccag ggccaggtceg ctgcgcggag cggcecggctt ctectecage 18300
gccaccgect tecegtegte gtecgagtteg acgacaccga aggcgctggg gtceggccacce 18360
ttggtcagga ggatgtgcgt gtcgggccgg ctctcecgegga acccggcecac gagatccgeg 18420
ataccgccca cgatgaagtt gtctceccgagg tacatgacga agtcegtcecgtce geccgaggaac 18480
tceecgggega tcaggacgge atgggcgaga ccgagcggceg ccgcectgecg tatgtaggtg 18540
acgtccagac cgaaggcgga gccgtegecg accgcectget ggatctcegge ggccgtgtee 18600
ccgacgacga tgccgaccte ggtgatgect gcctceccgega tcgectccaa ceccgtagaag 18660
agcacgggct tgttggctac ggggacgagce tgcttggegt aggaatgggt gatgggccte 18720
aggcgggttc cggccccgece ggacagtacg agagccttca tggcggcgca gtctaggcgg 18780
gcggggaaac atctcaatcg gcccggcagce gcacggatgt ctggaaacaa cggtcggtag 18840
aggtcaggaa ctgacctcta ccgctcataa tctggccget ccectectece cggagatcag 18900

cttcgagagce tcggtcccta ccgaaggagce gaaacagatg atcaggatcg ccgtcatcct 18960
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cggaagcacg cgtcccggece gecgeggggce cgtggtggee caatgggteg ccgaggtcge 19020
cgecgeggcat ceccgeggegg tgatgggcga ggcggagtte gagetggteg acctggcgga 19080
gtacggccte cecgttgcectceg acgagcccgt gecggcgatg ttecggccagt accagaagga 19140
ggagaccegg cggtgggccg ccgcecategg ctcegttecgac ggattcegtcet tegtcacgee 19200
ggagtacaac cactcggtgc ccgccgceget gaagaacgcec atcgaccacce tcttegecga 19260
gtggaccgac aaggcggccg ggttcecgtcag ctacggegtg cacgggggaa cccecgtgecegt 19320
cgagcacctg cggctggccece tggccgaggt gaaggtggce ggggtgcgca gccaggtcegt 19380
cctgteggtyg ttcaacgact tcgactacac gggatgcgac atgacggacc cgacggccat 19440
gggceggtte acgccgggac cgcagcagga gcagacggtg aacacgatgce tggacgaggt 19500
cgtegectgg tcgacggege tcaagecgct gcecgtactget gecgaccgcetg aggcggacgg 19560
ccgggecegtg teggtgtgac gcaccggtcece gccecgceccegga ccccectggtg aacgtgetgg 19620
tcacggceccce tegtgegtac getacgaggg ccgtgaccag cacgttcecgece tgtacgggeg 19680
agcgtggecg ccacgccgeg ggtgggcggce ggcagcacgce cggcecggacce gatcgecgag 19740
tggcttgtta cgtgcccggg gcgacggcgce cggaggggga cgcgccgaaa aaaaccggte 19800
agtcgagttc cccttcgata acacggatat cccecccgtee tcacttcecggg tgacctactt 19860
cggcegtgeg actcecgagca tegtgagegg catgacgttg cacgccgcag aagccatacce 19920
gtcacacgta ccggttctcg tcgtgggage cggcccgaca ggtctcatge tcggecgecga 19980
gctggegete cacggcagce ggcecgctggt gatcgacgeg ctgccgagcece cgagcggaca 20040
gtcecegggee ctgggcttca cggtgaggac gctggagatce ttcaagcagce gcggcatcect 20100
gggcegttte cagggactcg cceceggtgec cggagtccat ttecgceccggece tcagcatcaa 20160
gggcgatcac ctctccagct cgatgcgccce ggccaaccag tacccgcagt ccaagaccga 20220
acaggtcecctce geccgectggg ccgaggagct gggagtaccg gtgcggcegece cgtggacget 20280
gacgtccatg gagcccactg gcaccgggta ccgctgegtg ctcagcggece cggecgggca 20340
gcagaccgte gacgccgact acgtggtecgg ctgcgacgga gcggggagct tcgtccgcega 20400
ggcgatcgge atgccgacca agcgcactcc cccatccgta cagatgctcecce tcggtgatct 20460
gcgeggatge ggtcectgeccg acgaaccctt cggggtcaag cacgaaaagg gcatggtcat 20520
gtcecgcaceg ctgggcgacg ggacggaacg cgtcatcgte tgtgacttca cccagccgat 20580
gcggecgceag ggcactcecccg tcacgcacga cgagatcaag gccgcectacg agcaggtcegt 20640
cggcagcecccce ctggcggacg gcgaatgtcet ctgggcgage tcegttcectegg acgcgtecte 20700
cctegtggag tectaccggt ceggtegtge gcectgctegte ggcgacacgg cgcacaccca 20760
tcteeceegee ggcgggcagg gcatgaacgt ctcgatacag gacgcggtga acgtceggctg 20820
gaagctcgeg ctggtgagce agggccgcgce gccggacacce ctgctggaca cctaccacge 20880
cgagcggtac ccggtcggca gggaactgct gctcaacacce gccgcccagg gccaggtcectt 20940
cctgegegge ccggaagtgg acccgcetgceg cgaggtectg cggcgactge tgaacatcceg 21000
ggaggtgtcc gtecctgetgg ccgacggagt cagcggactg gacatccgcet acgacatggg 21060
ccteceecggaa gcaccgcecac ccacgggtga acggctgecg ccggacgtgt teccacgtegt 21120
cgggaccggce ggcgacgcceg tcgaggagtt gcggcacgge gccgctcectge tgatcegtcce 21180
gtcecececgac ageccggegt cctegetggt cgcteegtgg cgggaccagg tgcgegtegt 21240

gcacgcgege cccacggace cggactgggg cggggagcceg gcecgcegtegt cgcactggtt 21300
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cgtacgaccg gacggacaca tcgcgtgggce gggcaccgaa ttcagcgagt tgagecgecte 21360
actgagccge tggctcggte agcccgecgce gtaaccagag gaggaagaac c¢c ttg tte 21418
Leu Phe
1
agc tct ctce atc gte gce c¢gg atg gac acc ggc cac gcc gaa gcg gtg 21466
Ser Ser Leu Ile Val Ala Arg Met Asp Thr Gly His Ala Glu Ala Val

gce gac gtce tte gec ggce tte gac gee acc gac atg ccc gcg cgg atg 21514
Ala Asp Val Phe Ala Gly Phe Asp Ala Thr Asp Met Pro Ala Arg Met

20 25 30
ggc acg ¢gg cgc cgc gaa ctc tte cge tac cge ggce cte tac tte cac 21562
Gly Thr Arg Arg Arg Glu Leu Phe Arg Tyr Arg Gly Leu Tyr Phe His

ctc cag gac ttc gag acc ccc gac ggg acc gaa gcg gtc gag gcg gcc 21610
Leu Gln Asp Phe Glu Thr Pro Asp Gly Thr Glu Ala Val Glu Ala Ala
55 60 65
aag tcc gac ccg cgg tte atc c¢gg gtg agc aac gac ctc agg ccc tac 21658
Lys Ser Asp Pro Arg Phe Ile Arg Val Ser Asn Asp Leu Arg Pro Tyr
70 75 80
atc gag gcc tac gce ccg gac tgg caa tca ccg aag gac gcc atg gca 21706
Ile Glu Ala Tyr Ala Pro Asp Trp Gln Ser Pro Lys Asp Ala Met Ala
85 90 95
gag cgc ttc tat cac tgg agt tcg aaa cga tgagccgcag ggtcecttcatce 21756
Glu Arg Phe Tyr His Trp Ser Ser Lys Arg
100 105

accggggtceg gtgtegtege gecgggagcee gtcggacgtg acccecttetg ggagetgetg 21816
acccaagggce gcacggccac ccgcecggcte agectctgeg acccggagece ctteceggtcece 21876
caggtggccg cggaggccga cttcgacgcee gaggcggcegg ggctgtcgga geggcagtcecce 21936
gcggaactgg accgggcggce gcagttegece ctggtecgceeg ccecgtgaagce ggtcgaggac 21996
gcggcatggt ccgagacatg tcctceccecgaa cgcgecggag tgatcecgtggg ttecggcecegte 22056
ggagccacga ccaagctcga ggaggtctac cggcagctca gecgtgacgg ctcecectetgg 22116
gacgtggeccecce ccgactceccce cgecgagetg tactcgtact tegtgeccag ctegttegee 22176
tceggeateg cacacgacct cggcgtcacg gggcagagceg gcgtegtgtce gaccgggtge 22236
acctceggga tcgactcegt cggcaacgcece tgggaactga tccagagcgg catcctggac 22296
tcegeegtet geggtgccac cgacgccccee atctcecgecca tcaccgtcege ctgcttecgac 22356
acgatcaagg cgacatcgac gtacaacgac accccggaga gcgcectcacg gecgttecgac 22416
gccacacggg gcggcttegt ccteggegag ggcagcgcga tgttegtect cgaatcggag 22476
gaatccgtee accgtecgegg cgcacgegte tacggcgaga tccgeggcta cgcgagceccegce 22536
tgcaacgcct accacatgac cggtctcaag gccgacggac gcgagcectggce ggaggcecgte 22596
gtctececgete teggecagge aggcgtggac ccgggcecggce tcgactacgt caacgcccac 22656
ggcagcggca cgaagcagaa cgaccgccac gagaccgceg cgctgaagtce gtcecctegga 22716
ccegecgece acgacgtgec gatcagttceg atcaagtcga tgatcggcca ttcegetggge 22776
gccatcgggt cgttggagat cgccgcectge gecctggcege tgcgggacga cgtgatcccyg 22836
ccgacggcca atctcacceg gecggatcceg gaactcgate tggactacgt gecggtccac 22896
gcgegcaage agccgaccaa cagcgtgcectce acgaccggaa geggcettcegg tgggtttcag 22956
agcgccatgg ttctcacgga cccggagcat cactc atg acc gca cac atc acc 23009

Met Thr Ala His Ile Thr
110
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gge
Gly
115

aag
Lys

gac
Asp

gece
Ala

acce
Thr

gte
Val
195

tecc
Ser

tgg
Trp

tte
Phe

gge
Gly

ate
Ile
275

acce
Thr

acce
Thr

ctt
Leu

gecg
Ala

cte
Leu
355

gge
Gly

cece
Pro

gecg
Ala

tecc
Ser

ate
Ile

gece
Ala

tce
Ser

ccg
Pro

cag
Gln
180

gac
Asp

ace
Thr

tce
Ser

tac
Tyr

cac
His
260

tce
Ser

999
Gly

tcg
Ser

ccg
Pro

cac
His
340

ggt
Gly

cte
Leu

gge
Gly

gac
Asp

gte
Val
420

gac
Asp

cte
Leu

agc
Ser

gag
Glu
165

atg
Met

acg
Thr

gecg
Ala

aag
Lys

gecg
Ala
245

agc
Ser

ttc
Phe

tcg
Ser

ace
Thr

ttc
Phe
325

cte
Leu

cac
His

gte
Val

gac
Asp

ace
Thr
405

cce
Pro

ate
Ile

cte
Leu

agg
Arg
150

gge
Gly

tcg
Ser

agc
Ser

999
Gly

999
Gly
230

gte
Val

gga
Gly

gece
Ala

gtg
Val

gge
Gly
310

gac
Asp

gtg
Val

ggt
Gly

cgg
Arg

ate
Ile
390

gce

Ala

gte
Val

gte
Val

gac
Asp
135

tac
Tyr

ctyg
Leu

ctyg
Leu

cgg
Arg

ggt
Gly
215

cece
Pro

aac
Asn

gtg
Val

gece
Ala

gac
Asp
295

atg
Met

gca
Ala

ctyg
Leu

gecg
Ala

gecg
Ala
375

agt

Ser

gag
Glu

acce
Thr

tecc
Ser
120

gga
Gly

gac
Asp

cece
Pro

gte
Val

gte
Val
200

tac
Tyr

agg
Arg

acce
Thr

ate
Ile

cge
Arg
280

agc
Ser

cte
Leu

cga
Arg

cag
Gln

acce
Thr
360

atc

Ile

gtg
Val

gece
Ala

gecg
Ala

ceg
Pro

tgc
Cys

aac
Asn

aag
Lys

gece
Ala
185

gac
Asp

gecg
Ala

tac
Tyr

ggt
Gly

gte
Val
265

cgt
Arg

acg
Thr

teg
Ser

gece
Ala

acce
Thr
345

atg
Met

cac
His

gtg
Val

gece
Ala

cece
Pro
425

ctyg
Leu

agc
Ser

cce
Pro

cgg
Arg
170

gecg
Ala

cce
Pro

ttc
Phe

gte
Val

cag
Gln
250

gecg
Ala

ctyg
Leu

atg
Met

gca
Ala

aac
Asn
330

cac
His

gac
Asp

cte
Leu

ttc
Phe

gece
Ala
410

aag
Lys

gge
Gly

ggt
Gly

ate
Ile
155

ctyg
Leu

gecg
Ala

cte
Leu

999
Gly

agc
Ser
235

ate
Ile

gac
Asp

gecg
Ala

tgt
Cys

tce
Ser
315

999
Gly

agt
Ser

gat
Asp

gecg
Ala

gece
Ala
395

cte

Leu

gecg
Ala

ctyg
Leu

ctyg
Leu
140

agc
Ser

ctyg
Leu

999
Gly

gga
Gly

cag
Gln
220

ace
Thr

tce
Ser

gac
Asp

cge
Arg

cce
Pro
300

ace
Thr

tgg
Trp

gac
Asp

cce
Pro

cte
Leu
380

gac

Asp

gece
Ala

gecg
Ala

tce
Ser
125

agg
Arg

999
Gly

ccg
Pro

geg
Ala

gte
Val
205

aag
Lys

cat
His

ate
Ile

gee
Ala

gge
Gly
285

tgg
Trp

gac
Asp

gte
Val

gge
Gly

cge
Arg
365

gge
Gly

geg
Ala

gag
Glu

ace
Thr

cge
Arg

gecg
Ala

gag
Glu

gece
Ala

tte
Phe
190

ggt
Gly

gag
Glu

cag
Gln

cgg
Arg

gge
Gly
270

aac
Asn

999
Gly

gecg
Ala

aac
Asn

cge
Arg
350

gece
Ala

gecg
Ala

gece
Ala

gte
Val

gge
Gly
430

gag
Glu

acg
Thr

gtg
Val

acce
Thr
175

gac
Asp

gte
Val

ctyg
Leu

tecc
Ser

cac
His
255

999
Gly

cge
Arg

cgg
Arg

cgg
Arg

gge
Gly
335

tac
Tyr

gece
Ala

gecg
Ala

gge
Gly

tte
Phe
415

cgg
Arg

gaa
Glu

cag
Gln

cce
Pro
160

gac
Asp

gac
Asp

atg
Met

cag
Gln

tac
Tyr
240

gge
Gly

cte
Leu

gte
Val

gte
Val

gece
Ala
320

gaa
Glu

gecg
Ala

ccg
Pro

cgg
Arg

ace
Thr
400

999
Gly

atg
Met

cac
His

tcg
Ser
145

cac
His

cgg
Arg

agc
Ser

acg
Thr

aac
Asn
225

gece
Ala

tgce
Cys

gac
Asp

atg
Met

gecg
Ala
305

gecg
Ala

gge
Gly

gecg
Ala

gge
Gly

ctyg
Leu
385

cgg
Arg

ccg
Pro

gge
Gly

tgg
Trp
130

ttc
Phe

ttc
Phe

atg
Met

ggt
Gly

gecg
Ala
210

ctyg
Leu

tgg
Trp

cag
Gln

gecg
Ala

cte
Leu
290

cac
His

tac
Tyr

gge
Gly

gtg
Val

acg
Thr
370

cge

Arg

gag
Glu

gat
Asp

tgce
Cys

23057

23105

23153

23201

23249

23297

23345

23393

23441

23489

23537

23585

23633

23681

23729

23777

23825

23873

23921

23969
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ggg acg gcc gca ctc gac gtc geg acg gcg gtg cte gee cte cge gac 24017
Gly Thr Ala Ala Leu Asp Val Ala Thr Ala Val Leu Ala Leu Arg Asp
435 440 445 450
cag acg att ccc ccec acce gtc aac gtc cag gce gac gcg tce ctg ggg 24065
Gln Thr Ile Pro Pro Thr Val Asn Val Gln Ala Asp Ala Ser Leu Gly
455 460 465
gtc aac ctg tgc agc gtc gec aca cac cac ccc cte acc aac gtce ctg 24113
Val Asn Leu Cys Ser Val Ala Thr His His Pro Leu Thr Asn Val Leu
470 475 480
gtc ctg gece cgg ggce gtc ggt ggg tte aac teg gec ctg atce gte ggg 24161
Val Leu Ala Arg Gly Val Gly Gly Phe Asn Ser Ala Leu Ile Val Gly
485 490 495
aaa tgagagaagg agcaaggaat gtccgcacgc gtcaccatgg acgatctcag 24214
Lys
gcgagcccte gaggagggct ccggtgtcga cgagggcgtce gatcttgaca ccgacctcecga 24274
aaccatggcg ttcteccgage tggggtacga ctcecectggeg gtgctggaga ccggectgeg 24334
ccteggecge gagaacgaca tcgagctcga cgactcggtg ttcecgccgacce tcgacacgece 24394
tcagcagatg ctggacgcgg tcaacgatgc cctecgcecgegt caggcggcegg catc gtg 24451
Val
500
acc tct cce cgt cat gce ctg gtc acc ggc ggt teccec age ggce ata gga 24499
Thr Ser Pro Arg His Ala Leu Val Thr Gly Gly Ser Ser Gly Ile Gly
505 510 515
aag tcc gtc gca cgg cgce ctg gcc tcg gee gge cac acc gtc acg atc 24547
Lys Ser Val Ala Arg Arg Leu Ala Ser Ala Gly His Thr Val Thr Ile
520 525 530
tgc ggt cgt gac tce gaa agg ctc cag cag gcc gcc aag gaa ctg tcg 24595
Cys Gly Arg Asp Ser Glu Arg Leu Gln Gln Ala Ala Lys Glu Leu Ser
535 540 545
gag cag ggt gca ccc gtc acc teg ctg atc gec gac gte age aag ccce 24643
Glu Gln Gly Ala Pro Val Thr Ser Leu Ile Ala Asp Val Ser Lys Pro
550 555 560
cge cag gtg ggc gat ctg gtc cgc gag gcc gtg gag acg aac ggt ccc 24691
Arg Gln Val Gly Asp Leu Val Arg Glu Ala Val Glu Thr Asn Gly Pro
565 570 575 580
ctc ggg atc ctc gtec aac aac gcg ggc agg aac gga ggc ggc c¢gg acc 24739
Leu Gly Ile Leu Val Asn Asn Ala Gly Arg Asn Gly Gly Gly Arg Thr
585 590 595
gcg gag ctg agce gac gag ctg tgg cgg gag gta ctg agce acc aac ctce 24787
Ala Glu Leu Ser Asp Glu Leu Trp Arg Glu Val Leu Ser Thr Asn Leu
600 605 610
gac agc gtt ttc tac gtc acg cgg gag gtg ctg gec cgt ggc ggce atce 24835
Asp Ser Val Phe Tyr Val Thr Arg Glu Val Leu Ala Arg Gly Gly Ile
615 620 625
ggc gag gtg gac cac gcc c¢gg atc atc aac atc gecc tec acce gcg ggg 24883
Gly Glu Val Asp His Ala Arg Ile Ile Asn Ile Ala Ser Thr Ala Gly
630 635 640
aag cag gga dgtt ctg ctg gcc gcc ccg tac tece gec tec aag cac ggt 24931
Lys Gln Gly Val Leu Leu Ala Ala Pro Tyr Ser Ala Ser Lys His Gly
645 650 655 660
gtc gtc ggce tte acc aag gcg gtg ggc aag gag ctg gec cct cag ggg 24979
Val Val Gly Phe Thr Lys Ala Val Gly Lys Glu Leu Ala Pro Gln Gly
665 670 675
atc acc gtg aac gcc gte tgc ccg ggce tac gtg gag acc ccg atg gec 25027
Ile Thr Val Asn Ala Val Cys Pro Gly Tyr Val Glu Thr Pro Met Ala
680 685 690
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tca cgg gtc
Ser Arg Val
695

gag gtg ctg
Glu Val Leu
710

acg ccc gac
Thr Pro Asp
725

gcc gce teg
Ala Ala Ser

cgg cag gcce tac gea
Arg Gln Ala Tyr Ala

700

tcec gee tte gag gcg
Ser Ala Phe Glu Ala

715

gag gtc gcc tcg ctg
Glu Val Ala Ser Leu
730

atc acg gct cag gcg
Ile Thr Ala Gln Ala

745

gac gcc tgg
Asp Ala Trp

aag atc ccg
Lys Ile Pro

gtc gag tac
Val Glu Tyr
735

ttc aac gtg
Phe Asn Val
750

gag acc acg
Glu Thr Thr
705

cte gge cgg
Leu Gly Arg
720

cte acg acc

Leu Thr Thr

tgc ggc ggce
Cys Gly Gly

aac ttc taggagatga ttcacatgge cgatcegget cgcacagace tge

Asn Phe

cacgatcacc

ccagatgtte

gatccagetyg

cgacceegte

gatgtccgge

gcacacctac

ggagaccaac

cagcgaggec

getgtteteyg

ggccgagatg

ggacggtgac

gtacaagcag

ccecggecggyg

ggtgcacaag

caacctggge

cgtgtegeag

dgcgecggge

acggtgctgg

cgtgccaggg

geccacggac

ggtgtctgga

cacggegage

tgtctggtge

dgecggegga

cgegtactgg

cacgggcggt

cacgatcege

aaggagtcca

gacacgacag

caccecetteg

ggcagcgecg
gaaccgacca
tgggccaccyg
gegegeacca
gegtggcagg
cgtgeggaga
agcacgaagg
agtcccttea
ttcectggace
agggagttct
acgcacgtca
gtgacgctge
gagagctgge
gtceteggty
aacaacagcc
aggtgagtgg
ccagcggact
aggcegeggga
agatcctega
actacggegyg
agtgccccca

ggctgeteca

gtaccceggge

gCangthg

tgcaggccga

acaccgtgac

getggecege

ceggegagac

tggcacaccc

tcceccategy

acgcggtgta

tccacggege

ccaacggaga

tcegettege

tgctgecect

acgactecgge

agctctegge

ccttecaccga

geggtgaget

ccgacggect

ccgagtecta

cegegetget

gggtcacgte

ccgacgegac

tgcggaccct

ggacatgacyg

getectggee

cgegeccage

ccaccacgga

cctgegegty

gecggaactyg

cggggagcac

cggcaccacyg

gtegetgetyg

tgtccacgge

cgcegeaceyg

dggcgaggaa

cectgeeggec

getggtcaag

cggccaggcyg

cegeegtetyg

ggaactggcce

acccaaggec

gcagaccgte

gtcegaggac

ggagtegete

gctcaagtte

tgcggtggac

gtgggeggga

gecagtteccte

Cnggtgth

gtcegetgeac

gaagcacacc

ggtcteggac

cgaagcageg

gagccegaga

gggatccteyg

ccgecagaccec

gtggagttet

gacctcetece

gtacggacgce

gtggagtccg

ttcagcggga

ggcatcgggt

gacgggctgg

atcagcceeg

cgcacgetygyg

gagccegtegt

ggCCgtgth

ctgaacacgt

gaggacgteg

¢gggacggga

tgggtcteey

acctectege

acctgecggy

acatggatcg

gectgegaac

accacggteg

cgectggage

cggatgcgga

cagagcccgg

accggcgagt

gtggcgateg

gccaagegge

gteceggtggyg

ccteggacgt

¢cggyggegyy

gegectecac

cceceggaget

gggtcgacte

tgaccggetyg

tcegegagea

cecctgetggt

gegggggtge

¢ggggcggcey

ggatcacccg

aggaccteeg

ggtcacggac

tgctgtgegg

cgttgatgga

gag gcc
Glu Ala

tac agc
Tyr Ser

gaa gga
Glu Gly

740
cte gge
Leu Gly
755

actccge

ggcagtggtce
acaggcagac
agcgtgaget
cegtegecga
tcgaactcac
cccgageegt
gggacgccga
acccegtect
acgtcgecga
cgecgcaccce
cceggetget
ggaccatcac
atcccgacge
tegeceggey
ceggcaccge
tctegtegte
tgcgegggte
cttgcacgee
gecctggagt
cgggegggece
ggcecgeggg
gggegggege
cgeggeggac
gecggecacg
cttecgagega
ggtgatgetg
tagagcctygyg
cttcagcgac
cgacgecgec

¢gecgaggey

25075

25123

25171

25219

25275

25335

25395

25455

25515

25575

25635

25695

25755

25815

25875

25935

25995

26055

26115

26175

26235

26295

26355

26415

26475

26535

26595

26655

26715

26775

26835

26895

26955

27015

27075



US 7,799,904 B2
117 118

-continued

ctgggcetgge gggtecctggg gtatctggac gacggggace ggcaaggcect cctcgactac 27135
caggacgagc ggttctcecgtg getgaccgtt ctegcgggga gactgegcege ccaggcacgt 27195
ctgctgtteg acaccgacgce ggcggccacg gaacgcaagg cgctggtcege cgcgagactg 27255
gccggggacyg cggactaccg gcgcaggatce geccgacgccee tggecggtgt cgacgtgtge 27315
tacctgacgce ccggcggege ggtccgecgg cgtcectgtece cggcececgget ccgggagacce 27375
ggagtgaacc ccggcegeccg ccgegtgcag cgggcegcteg tcecccgacga cggaacgcge 27435
acggacgcct ggatccgtec cgatcaccac tggtaccegg tggcccgcga cggggceccgg 27495

caggactggg acgacgcggt gcgcctceccac gacgacttgg aacccgaggt gacgeg gtg 27554
Val

aga gcg ttc ctg tte cce ggt cag ggg acc cag aag atc ggc atg ggc 27602
Arg Ala Phe Leu Phe Pro Gly Gln Gly Thr Gln Lys Ile Gly Met Gly
760 765 770 775

acc tac ctg cga gaa cgg tac ccc cac ctg atc gecg ccg ttg tgg cgg 27650
Thr Tyr Leu Arg Glu Arg Tyr Pro His Leu Ile Ala Pro Leu Trp Arg
780 785 790

gag gcg gac gac gtc ctg ggt ttc ccec cte acc cgce cte tge gag gaa 27698
Glu Ala Asp Asp Val Leu Gly Phe Pro Leu Thr Arg Leu Cys Glu Glu
795 800 805

ggce ccc ggc gag aag ctc cgce cac atg ccg gtc acc cag ccc gcce gte 27746
Gly Pro Gly Glu Lys Leu Arg His Met Pro Val Thr Gln Pro Ala Val
810 815 820

tte ctg tgc agt tac gcc gcg ctce gtc gee geg cag geg aac ggc gcg 27794
Phe Leu Cys Ser Tyr Ala Ala Leu Val Ala Ala Gln Ala Asn Gly Ala
825 830 835

gag ccg gac gtc atc gcg ggce cac agt ctg ggc gag tac tcg gcg ctg 27842
Glu Pro Asp Val Ile Ala Gly His Ser Leu Gly Glu Tyr Ser Ala Leu
840 845 850 855

gcg gcg gecc ggce gtce cte acce tgg cag gag gtc ctt cag ctc gtce cac 27890
Ala Ala Ala Gly Val Leu Thr Trp Gln Glu Val Leu Gln Leu Val His
860 865 870

cge cgce ggt cag cte atg gcg gag gtg cag cac aag gtg gac ggg aag 27938
Arg Arg Gly Gln Leu Met Ala Glu Val Gln His Lys Val Asp Gly Lys
875 880 885

atg gcg gcc gtc ate ggt ctc gece atc ggg cag gtc gag gag atc tgce 27986
Met Ala Ala Val Ile Gly Leu Ala Ile Gly Gln Val Glu Glu Ile Cys
890 895 900

gag cag gtg cgg tcc gag acc ggt gag gtg gtc gag gtg gcc aac cac 28034
Glu Gln Val Arg Ser Glu Thr Gly Glu Val Val Glu Val Ala Asn His

905 910 915
aac gag ccc ctc cag gtc gtc gtc tcc ggce cag tgc gect gece ata gac 28082
Asn Glu Pro Leu Gln Val Val Val Ser Gly Gln Cys Ala Ala Ile Asp
920 925 930 935
ctec ctg gtc cag cge gtce geg acg gcg acc gac gtc cgce acg tcece gtce 28130
Leu Leu Val Gln Arg Val Ala Thr Ala Thr Asp Val Arg Thr Ser Val
940 945 950
ctg agg atc ggt ggc ccg gcc cac tcce agt cte atg ggce agc gtc gcg 28178
Leu Arg Ile Gly Gly Pro Ala His Ser Ser Leu Met Gly Ser Val Ala
955 960 965
ggg gac ttc gtg gag tac ctc c¢gg cgce ttc gac tte tge acg ccc aag 28226
Gly Asp Phe Val Glu Tyr Leu Arg Arg Phe Asp Phe Cys Thr Pro Lys
970 975 980
acg atg ctg atc tce ggg tcg acc gecc gag cce tac geg agt gcg gag 28274

Thr Met Leu Ile Ser Gly Ser Thr Ala Glu Pro Tyr Ala Ser Ala Glu
985 990 995
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gag atc agg cac cag
Glu Ile Arg His Gln

1000

tgg gtg gac gtg atg
Trp Val Asp Val Met

1015

acc  tgg gag ctg ggg
Thr Trp Glu Leu Gly

1030

cgg tecg ctg cct cag
Arg Ser Leu Pro Gln

1045

tece tte ctg gee ggce
Ser Phe Leu Ala Gly

1060

tgccgeatca

tgctgatget

ccgacgeccyg

agcggeteeg

cgcagecgat

agggtgtcga

cgggggcctt

acgcegeccec

atctcgacge

tcgtgagetyg

tgacgtgect

cegeceggtt

ccatggtete

tctggacgeg

actceggtec

gteggetgee

ggccccaccee

cattgcacta

acccatggec

atcaaagatg

gttatcctge

gtggaccgga

aaagacgcgg

ccgacectec

ggcagagact

gegttgecce

aggggagatc

gccgaagace

tcgaatatce

agggtccggt

ggcaaccgge

cceceggecag

gttcaggaag

gegegagtgg

getgttegge

cgtgacgetyg

cgacctegag

c¢cggggaggy

cctgggcgga

tgccgaggaa

gegegtegee

cgaggagtte

ggcctacteg

tcagatgget

ccgecacgtte

gtcegtacgg

ggagcactgg

cgtgcaacge

ttgtcggtga

ttcaccgatt

aatctgcacyg

ccteggggaa

ggcactccetyg

accatttctt

gaaggaccgg

tgaccgcatg

tcccatcaag

gatcacaaaa

aacggggaga

gcgacgacac

cte ggce agyg
Leu Gly Arg
1005

geg cag cte

Ala Gln Leu
1020

ceg  ggce aag
Pro Gly Lys
1035

gtg cgg acg

Val Arg Thr
1050

gtg acg ggc

Val Thr Gly
1065
geegeteecy
gggtcgcagt
gegetegacy
ctgcacggtt
ctcgactacyg
gtcggtcaca
ctggeggggg
atgatcgegt
cgegeegtea
gacctecegyg
tcgaccgaac
ctggeccegge
gegeggagga
gagaaggtgce
gtggaaatcyg
geceggegtt
gaatcggcca
gcaaggccgyg
aatgttcaac
tgcatagtcg
caacggggga
ctccagagge
tcgecgaaga
caccgtcacyg
cgctegacct
ggcggcatcet
gggggecettt
gtatccgaac
tgtgatgggt

cctgetteaa

cag ctg gtg cac cgg
Gln Leu Val His Arg
1010

gag agg ctg ggg gtc
Glu Arg Leu Gly Val
1025

gte cte teg gga tte
Val Leu Ser Gly Phe
1040

tac cge gecg aat gat
Tyr Arg Ala Asn Asp
1055

gtg cgg
Val Arg

gca cag
Ala Gln

gta cag
Val Gln

ctg ccg
Leu Pro

tgg tgagccggtyg aagcacgcag

Trp

acggaggggy
tcgetgecat
acttcttega
cggeccaggy
cggegggege
gegtgggega
cactcctgge
geegegegac
tcgeggegga
acacgatgeg
cgttecacte
geggteateg
tcagcggeeyg
gtttctggga
geccagggac
ccacggtgat
tacatgaggt
ccatgggtgt
caaatgaacc
aaaaaatacg
aacgggggag
gcaagcaccyg
gggcceggta
agatctctte
cgeceggetea
cggtgccgeg
caaggcecte
ggctcegace
ttcatccggt

ttgaccggge

gtcegegece

gggagtcccg

cgegttegge

catcgaacgt

ggtgtggetg

getggeggeg

cgagcgggcc

ggaggagteg

gaacgcggac

gtacctegge

cceectecte

tctgtecacy

ggagatcatg

ggcgeteege

cgtectetee

ctccacgatyg

cgccgaggaa

cccecgagtt

acctctegag

gacagcaacg

gattccaagt

tcggacccga

ccgtcacgea

dggcecgacgg

cgceecteca

tttcttecge

tcgectegag

gaggtcatat

ttgacgttet

gcaagtaccg

cggteectey

ctctacgagt

accggtgeceg

gggtcetteg

gaggagctca

gecaccecteg

cggetecteg

ctgcgggagc

aaccagtgcg

tcgcacggty

gececegecg

acggaactge

ccegectegt

cacaacttcg

ctggeegeac

cecgegteate

ttetgttgac

cccgggaggce

dgcgeeecgg

gaagcggagt

gcaggaccceg

gecagtccege

gcagtttteg

ggaccacacg

ccecttecce

gCCtggCgCg

ggcaccgcac

ctgagactga

gggeccegete

caccgtggtt

28319

28364

28409

28454

28501

28561

28621

28681

28741

28801

28861

28921

28981

29041

29101

29161

29221

29281

29341

29401

29461

29521

29581

29641

29701

29761

29821

29881

29941

30001

30061

30121

30181

30241

30301
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tcgtateteg ctettcaace cgagtattceg gtggcgatag aggacctcegt ccgagecget 30361
tggagcgaca agcgcccgte cagcgcgcac caccaggtce gtaagatggt ctceccgcacte 30421
cggaccagcce tggaccagga ctgggacctg gtggcgacgt cccaggacgg ctacatgctg 30481
aagttgccgce ccaagcagtc cgacgtatcc gaattctgece gectecttcecga ccaggtgatg 30541
tcgggtecece tgacgagcga cgacgacctg tcecggceccgegt attceggeget ggcgetctgg 30601
cgcggacgcece cttgcgaagg gtccgagcecce catgggcagg agcgccggat ctctcaattg 30661
gtggaacagc accgcgtcect cttgaacaag accgttcagg gattcggcga caggggcagg 30721
tcecgatgaac tcgectcgat actgcacgtce gcatcgaaga ttcacggaca gccggtcacce 30781
gctegeteeg gtgtegecgt tecegegece getgtttegt acgegggcac gacacaagte 30841
ccecgaacctt cggggtcgac cacccectcecee ccacgccecg gcectcecceccegt cggtecgege 30901
tgcctgecac gggatctgca ggacttegge ggccgcgaac gcgaaatcaa tgagcectgcag 30961
aaactgttga ccgcggaagg accccaccca cagttggtgg cgaccgttca cggaatgage 31021
ggcgtgggta aaaccgccgt cgccegtecge ctggcegcaca gactagccca tcactatccg 31081
gacggccage tcectttgtate cctggacgge ttttettegg ccteccaccge caccgtgteg 31141
aatgcgcetgg gaatactcct cagacagaaa ggcctggcegg acgaggacat ttcacctteg 31201
gaagacggcc gcctcegcaca atggcggacce atcaccgceg gacagaagct gctegtcegtg 31261
ctcgacgacg tgtgcgacat cgagcaagta gaacccctca tceccgeccte gagcgaaage 31321
gcctgcatca tcacgtegceg catcatcecte aatggcatceg acggcgctca tcacatctca 31381
ctcgaagtac cggacgagga cgaatgtctg gagatactca gttgcatgat cggcagacgce 31441
ttcgacgacg aggagacgaa ggacgcccgce gcgctgatce agcagtgcge caatctgecg 31501
ctggcactcce gtctecgecege cgcccggata tcgacgcegeg acttecctgaa cctcececgggaa 31561
ctcagtgagc aactgtcgtce ctecggcecttcece atcttcagtg aactggaagt tcccggccgt 31621
agtctggtcg gecggctcat gacgtectte acgtgcctgg aggacttcga tcacgaccgg 31681
tacctcecgat tatcgctget cceccctgecccee gagatcgatg aaacgtcggt cgcggecgtg 31741
ctgggcegtat ccaccgactg ggcacggcgt gcctgcagge gcttecgcaga ccgcgegttg 31801
ctgcaacgca cacgatgcgg tacgtaccgg atgcaccecge tgctgcectgca ggcggcacag 31861
ctggaagcgce agaagaccat cccgttecgag gagcaacgcce ggctcegtceeg cgccgettte 31921
ctccattaca aggcgtcgaa cggcctegtg ggagccagcece gcatcagcecce ttceccegggtt 31981
cctgacggac acgtggtact gaggaccctce acgcagtccg cgaagcectgge cgcgeggcte 32041
ggcctceccagyg aggagttgge cgatctgtac accgectgga aggaactgcet cccectcegtg 32101
ctggaccgcece ggcagcagga ggcggteggg cgacgcgtac tcgecgttte acagcacctg 32161
gaccggceceg cgtgcgaggg agcaccccac cggaggcgte cgcggcaggce acgggacatg 32221
ctgcececgagg ggcagcggtyg aacgagggcece ggccggagga aggcagtcgg acgatgacga 32281
ccgtttgtee gtacatcggg agaccggggt gccacgtgaa acatgtgacc cggtcaccgg 32341
atgtccgatc gcagccgcac ccgggggcga actgaccatg gaccgegtte ttccgtatge 32401
agccggcagt gaggcactcecce tgtcgtcgag agagcacggce cccacggtga gcgagagaac 32461
cgtecteggeg caggagatceg tegtgggcegg cgggggtcetg ctggggagac acatcectcgg 32521
cgtgctggge aatcggctca gecggegggt acgcatcccg tgggacgacce acggcecgcge 32581

ctgtgagcag ctctacgcge tgggcaggga cctggctcag cagccggcegce gctggaacct 32641
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gtactggtgc gcgggactgg ccgtcecttecca caccececcgec gagcaggtgg agcgagaacg 32701
ccteccaggte agectectece tggcgggcat caacgacggg ctcgaacgct cggggggcce 32761
caccggeggce gegttgttece tggectecte ageceggegge gecgttegegg getcggaaca 32821
ccegeegtte accgagttet cecccgeccegt gcccacgaac ccgtacggeg cgtccaaact 32881
cgeccgtegag gaggaggcceg aggttcetgge gcecgecgttgg cgactgceccca cggtgteggg 32941
tcggatcacg aacctgtacg geccccggceca gaacctcgac aagaaccagg gcctggtcag 33001
tgccctegte aaagcgcage tgaccggtga accectgegg ctgcgggcecg ccectggagac 33061
cacgcgcecgac tacatctacg cacgggactg cgcccggatg gtcecgtcectegg cgatggagac 33121
cgtacggtcce cgcacccgeg gcacggaccce ccatgtccge aagatattca gcageggacg 33181
ccgtectgegg atcgacgaac tgctcecggat cgccgagege ctettecgacce ggccggtace 33241
cgtegtecac gagceggtgg cgggaggggce gaacgtcaac ctcteggteg agtcecegggt 33301
atgggcggac ctcgaatcgt cccccttect cagcatcgag gaagggatge gegcegtcceg 33361
ctccgaccte aggtaccgac tcgggcacgg gtgagcgaca cgaacgacaa aagacccagg 33421
ccgcacatca gecgceggcectg ggtccgatga gccgectteg ggattcgaac ccgagaccta 33481
cgcattacga gtgcgttgcet ctggccatct gagctaagge ggcecgtgctgg gtgcacccat 33541
ggtgcgatca gcgacgtcgg taagtctaca cagtttcgag gggtggttcg taccggceccce 33601
ggagcgggcece ggggctgect ccggtgggeg gggcggctac gagcagcegtg tgccegtcegge 33661
gggcggggtyg ccgtcecgagga ggtaggtgtt gatggcggag tcgacgcagg cgctgeccgeg 33721
gcecgtacggg gtgtggecgt cgecgtegta ggtgaggagg cgggccgtgg cgagetggee 33781

ggccagaccce teggceccage ggtacggggt ggccgggtece cggg 33825

<210> SEQ ID NO 13

<211> LENGTH: 108

<212> TYPE: PRT

<213> ORGANISM: Streptomyces griseoflavus

<400> SEQUENCE: 13

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

Ala Val Ala Asp Val Phe Ala Gly Phe Asp Ala Thr Asp Met Pro Ala
20 25 30

Arg Met Gly Thr Arg Arg Arg Glu Leu Phe Arg Tyr Arg Gly Leu Tyr
35 40 45

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

Ala Ala Lys Ser Asp Pro Arg Phe Ile Arg Val Ser Asn Asp Leu Arg
65 70 75 80

Pro Tyr Ile Glu Ala Tyr Ala Pro Asp Trp Gln Ser Pro Lys Asp Ala
85 90 95

Met Ala Glu Arg Phe Tyr His Trp Ser Ser Lys Arg
100 105

<210> SEQ ID NO 14

<211> LENGTH: 391

<212> TYPE: PRT

<213> ORGANISM: Streptomyces griseoflavus



125

US 7,799,904 B2

-continued

126

<400> SEQUENCE:

Met Thr Ala His

1

Ser

Arg

Gly

Pro

65

Ala

Val

Lys

Ile

145

Ala

Gly

Trp

Asp

Val

225

Gly

Arg

Gly

Ala

Glu

305

Thr

Val

Ala

Pro

Ser
385

Arg

Ala

Glu

50

Ala

Phe

Gly

Glu

Gln

130

Arg

Gly

Asn

Gly

Ala

210

Asn

Arg

Ala

Ala

Ala

290

Val

Gly

Leu

Asp

Leu

370

Ala

Glu

Thr

35

Val

Thr

Asp

Val

Leu

115

Ser

His

Gly

Arg

Arg

195

Arg

Gly

Tyr

Ala

Ala

275

Gly

Phe

Arg

Ala

Ala

355

Thr

Leu

Glu

20

Gln

Pro

Asp

Asp

Met

100

Gln

Tyr

Gly

Leu

Val

180

Val

Ala

Glu

Ala

Pro

260

Arg

Thr

Gly

Met

Leu

340

Ser

Asn

Ile

Ile

His

Ser

His

Arg

Ser

85

Thr

Asn

Ala

Cys

Asp

165

Met

Ala

Ala

Gly

Ala

245

Gly

Leu

Arg

Pro

Gly

325

Arg

Leu

Val

Val

Thr

Trp

Phe

Phe

Met

70

Gly

Ala

Leu

Trp

Gln

150

Ala

Leu

His

Tyr

Gly

230

Val

Thr

Arg

Glu

Asp

310

Cys

Asp

Gly

Leu

Gly
390

Gly

Lys

Asp

Ala

55

Thr

Val

Ser

Trp

Phe

135

Gly

Ile

Thr

Thr

Leu

215

Ala

Leu

Gly

Pro

Ala

295

Ser

Gly

Gln

Val

Val

375

Lys

Ile

Ala

Ser

40

Pro

Gln

Asp

Thr

Ser

120

Tyr

His

Ser

Gly

Ser

200

Pro

His

Gly

Leu

Gly

280

Asp

Val

Thr

Thr

Asn

360

Leu

Asp

Leu

25

Ser

Glu

Met

Thr

Ala

105

Lys

Ala

Ser

Phe

Ser

185

Thr

Phe

Leu

His

Val

265

Asp

Thr

Pro

Ala

Ile

345

Leu

Ala

Ile

10

Leu

Arg

Gly

Ser

Ser

90

Gly

Gly

Val

Gly

Ala

170

Val

Gly

Asp

Val

Gly

250

Arg

Ile

Ala

Val

Ala

330

Pro

Cys

Arg

Val

Asp

Tyr

Leu

Leu

75

Arg

Gly

Pro

Asn

Val

155

Ala

Asp

Met

Ala

Leu

235

Ala

Ala

Ser

Glu

Thr

315

Leu

Pro

Ser

Gly

Ser

Gly

Asp

Pro

60

Val

Val

Tyr

Arg

Thr

140

Ile

Arg

Ser

Leu

Arg

220

Gln

Thr

Ile

Val

Ala

300

Ala

Asp

Thr

Val

Val
380

Pro

Cys

Asn

45

Lys

Ala

Asp

Ala

Tyr

125

Gly

Val

Arg

Thr

Ser

205

Ala

Thr

Met

His

Val

285

Ala

Pro

Val

Val

Ala

365

Gly

Leu

Ser

30

Pro

Arg

Ala

Pro

Phe

110

Val

Gln

Ala

Leu

Met

190

Ala

Asn

His

Asp

Leu

270

Phe

Ala

Lys

Ala

Asn

350

Thr

Gly

Gly

15

Gly

Ile

Leu

Ala

Leu

95

Gly

Ser

Ile

Asp

Ala

175

Cys

Ser

Gly

Ser

Asp

255

Ala

Ala

Leu

Ala

Thr

335

Val

His

Phe

Leu

Leu

Ser

Leu

Gly

Gly

Gln

Thr

Ser

Asp

160

Arg

Pro

Thr

Trp

Asp

240

Pro

Leu

Asp

Ala

Ala

320

Ala

Gln

His

Asn
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<210> SEQ ID NO 15

<211> LENGTH:

<212> TYPE:
<213> ORGANISM:

PRT

<400> SEQUENCE:

Val Thr Ser Pro

1

Gly

Ile

Ser

Pro

65

Pro

Thr

Leu

Ile

Gly

145

Gly

Gly

Ala

Ala

Ser

225

Gly

Gly

Lys

Cys

Glu

50

Arg

Leu

Ala

Asp

Gly

130

Lys

Val

Ile

Ser

Glu

210

Thr

Ala

Asn

Ser

Gly

35

Gln

Gln

Gly

Glu

Ser

115

Glu

Gln

Val

Thr

Arg

195

Val

Pro

Ala

Phe

Val

20

Arg

Gly

Val

Ile

Leu

100

Val

Val

Gly

Gly

Val

180

Val

Leu

Asp

Ser

259

Streptomyces griseoflavus

15

Arg

Ala

Asp

Ala

Gly

Leu

85

Ser

Phe

Asp

Val

Phe

165

Asn

Arg

Ser

Glu

Ile
245

<210> SEQ ID NO 16

<211> LENGTH:

<212> TYPE:
<213> ORGANISM: Streptomyces griseoflavus

PRT

<400> SEQUENCE:

Val

1

Gly

Arg

Glu

Val
65

Arg

Thr

Glu

Gly

Phe

Ala

Tyr

Ala

35

Pro

Leu

Phe

Leu

20

Asp

Gly

Cys

310

16

Leu

Arg

Asp

Glu

Ser

His

Arg

Ser

Pro

Asp

70

Val

Asp

Tyr

His

Leu

150

Thr

Ala

Gln

Ala

Val

230

Thr

Phe

Glu

Val

Lys

Tyr
70

Ala

Arg

Glu

Val

55

Leu

Asn

Glu

Val

Ala

135

Leu

Lys

Val

Ala

Phe

215

Ala

Ala

Pro

Arg

Leu

Leu

55

Ala

Leu

Leu

Arg

40

Thr

Val

Asn

Leu

Thr

120

Arg

Ala

Ala

Cys

Tyr

200

Glu

Ser

Gln

Gly

Tyr

Gly

40

Arg

Ala

Val

Ala

25

Leu

Ser

Arg

Ala

Trp

105

Arg

Ile

Ala

Val

Pro

185

Ala

Ala

Leu

Ala

Gln

Pro

25

Phe

His

Leu

Thr

10

Ser

Gln

Leu

Glu

Gly

90

Arg

Glu

Ile

Pro

Gly

170

Gly

Asp

Lys

Val

Phe
250

Gly

10

His

Pro

Met

Val

Gly

Ala

Gln

Ile

Ala

75

Arg

Glu

Val

Asn

Tyr

155

Lys

Tyr

Ala

Ile

Glu

235

Asn

Thr

Leu

Leu

Pro

Ala
75

Gly

Gly

Ala

Ala

60

Val

Asn

Val

Leu

Ile

140

Ser

Glu

Val

Trp

Pro

220

Tyr

Val

Gln

Ile

Thr

Val

60

Ala

Ser

His

Ala

45

Asp

Glu

Gly

Leu

Ala

125

Ala

Ala

Leu

Glu

Glu

205

Leu

Leu

Cys

Lys

Ala

Arg

45

Thr

Gln

Ser

Thr

30

Lys

Val

Thr

Gly

Ser

110

Arg

Ser

Ser

Ala

Thr

190

Thr

Gly

Thr

Gly

Ile

Pro

30

Leu

Gln

Ala

Gly

15

Val

Glu

Ser

Asn

Gly

95

Thr

Gly

Thr

Lys

Pro

175

Pro

Thr

Arg

Thr

Gly
255

Gly

15

Leu

Cys

Pro

Asn

Thr

Leu

Lys

Gly

80

Arg

Asn

Gly

Ala

His

160

Gln

Met

Glu

Tyr

Glu

240

Leu

Met

Trp

Glu

Ala

Gly
80
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130

-continued

Ala Glu Val

85

Ile Ala Ser Leu

90

Pro Asp Gly His Gly Glu Tyr

Ala Ala Ala

100

Val Thr Gln Glu Val Gln

110

Leu Gly Leu Trp Leu

105
Gln

Met Ala

120

Arg Arg Leu Glu Val Gln His Val

115

Gly Lys

125

Met
130

Ala Ala Val Ile Ala Ile Gln

140

Lys Gly Leu Val Glu

135

Gly

Glu Gln Val Glu Thr Glu Vval

155

Ser Val Glu Val

150

Cys
145

Arg Gly

Glu Gln Val Val Val Ser Gln Ala

170

Leu
165

Asn Pro Gly Cys

Val
180

Gln Val Ala Thr

185

Asp Leu Leu Arg Ala Thr Asp Val Arg

190
Val

Ile Ala

200

Met
205

Leu Arg Pro His Ser Ser Leu

195

Gly Gly Gly

Ala Gly Phe Val Glu Leu Phe Phe

210

Asp Tyr

215

Arg Arg Asp

220

Cys

Thr Met Ile Thr Ala Glu

235

Ser Ser Pro Ala

230

Lys Leu

225

Gly Tyr

Glu Glu Ile Gln Gln

250

His Leu Leu Val His

245

Arg Gly Arg Arg

Val Val

260

Met Ala Gln Glu

265

Val Ala

270

Trp Asp Leu Arg Leu Gly

Glu Val

280

Phe Val

285

Leu Pro Leu Ser Gln

275

Trp Gly Gly Lys Gly

Gln Val Thr Ala Leu Pro Ser

300

Pro Asn

290

Leu Arg Tyr

295

Arg Asp

Ala
305

Gly Val Thr Gly Trp

310

Ser Ala

95

Leu Val

Asp Gly

Glu Ile

Ala Asn

160

Ala
175

Ile
Thr Ser
Ser Val
Thr

Pro

Ala
240

Ser

Val
255

Arg
Gln Thr
Ser

Arg

Phe Leu

40
What is claimed:
1. An isolated nucleic acid molecule comprising a poly-
nucleotide sequence selected from the group consisting of:
a) agilOl polynucleotide sequence that remains hybridized
to the entirety of the full length complement of bases
19892 to 21391 of SEQ ID NO: 1 under stringent con-
ditions of washing twice with 2 molar SSC bufter at a
temperature of 45° C. and then twice with 0.1 molar SSC
buffer at atemperature of 68° C., and encodes a polypep-
tide having FAD-dependent oxygenase activity;

45

b) a gilOII polynucleotide sequence that remains hybrid-
ized to the entirety of the full length complement of
bases 11513 to 12196 of SEQ ID NO: 1 under stringent
conditions of washing twice with 2 molar SSC buffer at 5
a temperature of 45° C. and then twice with 0.1 molar
SSC buffer at a temperature of 68° C., and encodes a
post-poly-ketide  synthase (post-PKS) tailoring
polypeptide having oxygenase activity;

¢) a gilOIII polynucleotide sequence that remains hybrid- 60

ized to the entirety of the full length complement of

bases 6576 to 7769 of SEQ ID NO: 1 under stringent
conditions of washing twice with 2 molar SSC buffer at

a temperature of 45° C. and then twice with 0.1 molar

SSC buffer at a temperature of 68° C., and encodes a

post-PKS tailoring polypeptide having oxygenase activ-

ity; and

65

d) a gilOIV polynucleotide sequence that remains hybrid-
ized to the entirety of the full length complement of
bases 26200 to 27552 of SEQ ID NO: 1 under stringent
conditions of washing twice with 2 molar SSC buffer at
a temperature of 45° C. and then twice with 0.1 molar
SSC buffer at a temperature of 68° C., and encodes a
polypeptide having FAD-dependent oxygenase activity.

2. An isolated nucleic acid molecule comprising at least

one polynucleotide sequence selected from the group consist-
ing of:

a) a full length gilOI polynucleotide sequence that encodes
the GilOI polypeptide encoded by bases 19892 to 21391
of SEQ ID NO: 1; wherein the polypeptide has FAD-
dependent oxygenase activity;

b) a full length gilOIl polynucleotide sequence that
encodes the Gilll polypeptide encoded by the reverse
complement of bases 11513 to 12196 of SEQ ID NO: 1;
wherein the polypeptide has oxygenase activity;

c) a full length gilOIIl polynucleotide sequence that
encodes the GilOIII polypeptide encoded by the reverse
complement of bases 6576 to 7769 of SEQ ID NO: 1;
wherein the polypeptide has oxygenase activity; and

d) a full length giOIV polynucleotide sequence that
encodes the GillV polypeptide encoded by bases 26200
10 27552 of SEQ ID NO: 1; wherein the polypeptide has
FAD-dependent oxygenase activity.
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3. The nucleic acid molecule of either claim 1 or claim 2
wherein the nucleic acid molecule encodes the gilOI, gilOIl,
gilOIII and gilOIV oxygenases.

4. The nucleic acid molecule of either claim 1 or claim 2

wherein the nucleic acid molecule encodes the gilOl and 5

gilOIV.

5. A recombinant DNA expression vector comprising the
nucleic acid molecule of either claim 1 or claim 2, wherein the
nucleic acid is operably linked to expression control
sequences.

132

6. A host cell comprising a recombinant DNA expression
vector comprising the nucleic acid molecule of either claim 1
or claim 2, wherein the nucleic acid is operably linked to
expression control sequences.

7. A bacterial host cell comprising a recombinant DNA
expression vector comprising the nucleic acid molecule of
either claim 1 or claim 2, wherein the nucleic acid is operably
linked to expression control sequences.

#* #* #* #* #*
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