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(57) ABSTRACT 

This invention is related to a method for detecting toxic and 
non-toxic cyanobacteria. The method comprises that nucleic 
acid from a biological sample is brought into contact with an 
oligonucleotide designed to be specific for the mcy gene, in 
particular mcyE and/or mcyD, and with an oligonucleotide 
designed to be specific for 16SrDNA, and the presence or 
absence of toxic cyanobacteria is detected by a suitable 
molecular biology method. The invention is related also to 
oligonucleotides used in the method. 
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A 

AMCD-DH2. ASISONNPEFITEHOVFDKPIFPGAAFIEMAL 
AMCD-DH3 GEISSEYPDYLEGHKWFGKILFPATGFIETI 
Rif-DH.10 SRLSLRSHPWLADHAVRDVVIVPGTGLVELAV 
RapA-DH4 GRWSIATHAWADAVWGRVILPGTAFVELVV 
RapB-DH10 GRVSLATHAWLADHAVRGSVLLPGTGFVELVV 

B 

AMCG-KR1 OAQATYITGGIGHILGLOLARHLV-DLGAKHILTTR 
AMCD-KR2 RQDGFYLISGGTGGLGLATARWMI-EHGACHLVLCSR 
AMCD-KR3 SKEGAYLITGGLGKIGLLMAQWL-SOMGSSHIVICSR 
Rife-KR10 KTRGPVVTGGTGSIGGLVARHILVERHGVROLVIASR 
RapA-KR4 DPDGTVLITGGSGVLAGIAARHLVAERGVRHLLLLSR 
RapB-KR10 DPDGTVITGGSGVLAGIAARHLVAERGVRHILLSR 

t 

Fig. 3 
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AT1 AMcyG GQGSOY TSYTQPALFVVEVALAQLW GHS, SHAH WIQHL 
MMcyG GQGSOY TAYTOPALFLIEVALAOLW GHS, AHAH WLOHL 
PMcyG GOGSOY TSYTQPALFIIEVALAQLW GHS, SHAH WLOHL 

AT2 AMcyD GEWRVN PLYVHPTLFALOYALCELW GNGL, WQEFH NVDA 
MMcyD GEAQSH SLSyOPPLFAYOYALCELW GSG, WEAH WINSG 
PMcyD GEACSN PLsvoPILFAFHYALCELW GSGI, WKGFH WITSW 

AT3 AMcyD GOGSOY TOITQPALFSLEYATAKLW GHS SHAH WRH, 
MMcyD GOGSOY TOITQPVIEFSLEYALAKLW GHS SHAH WWAHL 
PMcyD GOGSOY TOITQPVLFSFEYALAKLW GHS SHAH WVNHL 

AT4 AMcyE GOGACY TAYAQPAIFALEYSLAMLW GHSV NGAH WRQQS 
MMcyF. GOGACY TAYAQPAIFALEYSLTMLW GHSW TOAFH WSKOC 
PMcyE. GQGACY TAYAQPAIFALEYAVAMLW GHSW TOAH WROQC 

W 
o 

Malonyl GQGXOR TXYAQXXXXXXQXALXXXX GHSI XXAFH WXXXX. 
Methymalonyl GQGXQw VDwoxXXXXXMXSLAXXW GHSg DYASH WXXNI, 

A. s 

Fig. 4 
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Fig. 8 
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Fig. 19C 
Aaa38 
Ana202Al 
Ana202A2-41. 
Ana66A 
Ana83 
Cons-Ana 3 
Mpcc7806-fillet 
M2O5 
M98 . 
Mgl26O735 
Mgl28.0646 
Mpcc7941 
Miz.25 
MizM5 
Minies).02 
Minies A89 
Cons-Mice 74 
P49 
P97 
P126-8 
P27, 
P28s. 
O23 
O226 
Cons-Plank.98, 7 
Nod-HMcore 
Nod-BYlclone 
Nod-F1.clone 
Cons-Node 9, 4. 
NostocS2 

Anas 0-feo 
Aa2993 
Ana315 
Ana 256 
Aa318 
Ana2O Asia. 
Anaesea 
Ala83 
Cons-Anasa 
Mpcc.7806-Tillet 
M2Os 

- M98 
Mg1260.735 
Mg128.0646 
Mpcc.7941 
Miz25 
MizM5 
Mnies102 
Minies 9 
Cons-Mice 74 
PA9 
97 
P126-8 
P127 
P28-R 
O23 
O226 

AGACCAGGA 
AGATCCAGGA 
AGATCCAGGA 
AGACCAGGA 
AGACCAGGA 
AGACCAGGA 
GACCCCGGA 

TGACCCCGGA 
GACCCCGGA 
TGACCCCGGA 
TGACCCCGGA 
GACCCCGGA 
TGACCCCGGA 
TGACCCGGA 
TGACCCCGGA 
TGACCCCGGA 
GACCCCGGA 
CGACCCCAA 
CGACCCCGAA 
CGACCCCGAA 
CGACCCCGAA 
CGACCCCGAA 
CGACCCCGAA 
CGACCCCGAA 
CGACCCCGAA 
AGATOCAGGA 
AGACCAGea 
AGATOCAGea 
AGACCAGGA 
AGATCCAGGA 

. . . . . . . . . 
245 

CTTAccTATA 
cTACCTAA 
CTTACCTATA 
CTTACCAA 
CACCAA 

CTTACCTATA 
CACCAA 
CACCAA 
CTTACCTATA 
CTTACCAA 
TTTACCCGIT 
TTTACCCGT 
TTTACCCGIT 
TTTAccoGTT 
TEACCCGT 
TTTACCCGT. 
TTIACCCG 
TTTAccCAT 
TTTACCCGTT 
TTACCCGT 
TACCCGTT. 
TCACCAA 
CACCGAA 
CACCAA 

TCCACCGATA 
TCACCGATA 
TCACCGAA 
CCACCGAA 

GAAATTGAA 
GAACTTGAA 
GAACTTGAA 
GAACTTGAA 
GAACTTGAAT 
GAAATTGAAT 
GAAAGAA 
GAAAGAAT 
GAAATTGAA 
GAAAGAA 
GAAAGAAT 
GAAAGAAT 
GAAATTGAA 
GAAATGAAT 
GAAATTGAAT 
GAAATTGAA 
GAAATGAAT 
GAAAAAT 
GAAAGAA 
CAAAGAA 
GAAAGAA 
CAAATGAAT 
GAAATGAA 
GAAATTGAA 
GAAAGAA 
GAAAGAA 
GAAAGAA 
CAAATTGAA 
GAAAGAA 
CAAATGAA 

. . . . . . . . . 
2ss 

GAGGTAAATA 
dAGGTAAATA 
GAGGTAAATA 
GAGGAAATA 
GAGGAAAA 
GAGGAAAA 
GAGGAAAA 
GAGGAAAA 
GAGGAAAA 
GAGGAAAA 
CAAGTTAATA 
CAAGAAA 
CAAGAAA 
CAAGAAIA 
CAAGAAA 
CAAGT'TAATA 
CAAGTEAATA 
CAAGGAAA 
CAAGGAAA 
CAAGIGAATA 
CAAGAAA 
TCAGTCAATA 

ACCAAAAG 
ACCAAAAG 
ACCAAAAG 
ACCAAAAG 
ACCAAATAG 
ACCAAAAG 
ACAATGAC 
ACAATGAC 
ATCAATGAC 
ATCAAGAC 
ACAAGAC 
ACAATTGAC 
ATCAATTGAC 
ACAATGAC 
ACAATGAC 
ACAATTGAC 
ACAATGAC 
ACAACTAA 
ATCAACAA 
ACAAcAA 
ACAACAA 
ATCAACAA 
AOAACCAA 
ATCAACTTAA 
ATCAACTTAA 
ACCAACTAG 
ACCAACTOAG 
ACCAACCAG 
ACOAACCAG 
ATCAACTCAG 

. . . . . . . . . 
26S 

ACCAAATTCA 
AgCAAATCA 
ACCAAATTCA 
ACCAAATTCA 
ACCAAATCA 
ACCAAATTCA 
ACCAAACA 
ACCAAATCA 
ACCAAACA 
ACCAAATCA 
AGAAACCA. 
ACAAACCA 
AAAACCA. 
AOAAACCA 
ATCAAACTCA 
ATCAAACTCA 
AAAACCA 
ATCAAACA 

CCGCTAGCC 
CCGCAGCC 
CCGCTATGCC 
CCGCAGCC 
CCGCTAGCC 
CCGCAGCC 
CGAGCT 
TCGTAGCT 
TCGTTATGCT 
TCGTAGCT 
CGTAGC 
CGTTAGC 
TCGCTATGCT 
TCGITAGCT 
CGITATGCT 
TCGTAGCT 
TCGTAGCT 
TCGITATCCT. 
TCGTTACC 
CGTTACC 
TCGITATCC 
CGTACCT 

TCGTTAICCT 
CGTAICCT 

TCGITATCC 
cCGCCAITCT 
CCGCCATICT 
CCGCACT 
CCGCCATTCT 
CCGCAGC 

. . . . . . . . . 
275 

AACGC 
ATTATCTGCT 
ATTATCTGCT 
ATATCTGC 
ATTATCTGCT 
ATTArcTGCT, 
AATCGC 
ATTATCTGCT 
AACGC 
ATACTGCT 
AFTATCTGCT 
ATACIGCT 
AATCGCT 
ATTATCTGCT 
ATTATCTGCT 
AATCGCT 
AACGCT 
ATACGC 

ATCAAACTCA ATTATCTGCT 
AGAAACCA 
AOAAACCA 
ACAAACCA 

ATACTGCT 
AATCTGCT 
ATTATCAGCC 

TCAGTCAAA ATCAAACICA ATTATCAGCC 
TCAGTCAATA ATCAAACTCA ATTATCAGCC 
CAGTCAATA ATCAAACTCA ATTATCAGCC 
TCAGCAAA ATCAAACTCA ATTACAGCC 
TCAGTCAAA ATCAAACTCA. ATTATCAGCC 
TCAGTCAATA ArcAAACTCA ATTATCAGCC 

US 2007/0059699 A1 

GAGATGAGA 
GAGATGAGA 
GAGATGABA 
GAGAGAGA 
GAGATTGAGA 
GAGAGAGA 
CCCAGAAA 
'CCCAGAAA 
CCCAGAAA 
CCCAGAAA 
CCCAGAAA 
CCCAGAAA 
CCCAGAAA 
cCCArgAAA 
CCCAGAAA 
CCCAGAAA 
CCCAGAAA. 
CAGACAGA 
CAAGAA 
CAAGAA 
CAGATGAeA 
CAGAGAGA 
CAAGASA. 
CAGAGAGA 
CAGATTGAGA 
CAAATGACA 
CAAAAGA 
CAAAGAA 
CAAACAA 
CAGAGAAA 

. . . . . . . . 
285 

A GOAAA 

TATTGTCAAA 
TATTGTCAAA 
TATTGTCAAA 
TATTGTCAAA 
AGCAAA 

TATTGCAAA 
AccAAA 
TAGAAA 
AGCAAA 
ACTG CAAA 
ACGTCAAA 
AcGOAAA 

TACTGTCAAA 
TACTGFCAAA 
TACTGTCAAA 
ACGOAAA 

TACTGTCAAA' 
TACTGTCAAA 
ACGCAAA 

TACTGTCAAA 
TAirTGTCAAA 
TATTGTCAAA 
TATTGTOAAA 
TATTGTcAAA. 
TAGOAAA 
A GOAAA 
TAGOAAA 

AAGCAATG 
AAGCAATG 
AAGCAATTGT 
AAGOAAG 
AACAATG 

AAGCAATTGT 
GAGCGAG 
GAGCGATG 
GAGCGAG 
GAGCGATG 
GAGCGAGT 
GAGCGATG 
GAGCCSAG 
GAGCGSAG 
GAGCGAG 
GAGCGAG 
GAGCGAG 
GAGCATTAT 
GAGCAA 
GAGCTATAT 
GAGCTATAT 
GAGCATA 
GACAA 
GAGCTATAT, 
GAGCTATTAT 
GAGCAACG 
GAGOAACG 
GAGCAACG 
GAGCAACG 
GAGCGAA 

. . . . . . . . 
CTGATAAAGA 
CTGATAAAGA 
CTGATAAAGA 
CTGATAAAGA 
CGAAAAGA 
CGAAAAGA 
CGAAAAA 
CGAAAAA 
CGAAAAGA 
CTGATAAAGA 
CACACAAAA. 
CAGACAAAAC 
CACACAAAAC 
CAGACAAAAC 
CACACAAAAC 
(AGACAAAAC 
CAGACAAAAC 
CAGAAAAAAC 
CAGACAAAAC 
CAGACAAAAC 
CAGACAAAAC 
CCGATAAACA 
CAGAAAACA 
CAGATAAACA 
CAGAAAACA 
CAGAAAACA 
CCGAAAACA 
CCGAAAACA 



Fig. 19D 
Cons-Planks8, 7 
Nod-HEMclone 
Nod-BY-clone 
Nod-F81clone 
Cons-Nod99, 4 
Nostoc.52 

AnaSO Leo 
Aa299B 
Aa35 
Ala H2S6 
Anals . 
Ana202A 
Aaa2O2A2-41. 
Anaess.A 
Ana83 
Cons-Atlas 8 
Mpcc7806-Tillet 
M2OS 
M98 
Mg126O735 
Mgl28.0646 
Mpcc7941 w 

Miz.25 
M2M's 
Mnies 102 
Mnies A89 
Cons-Mice 74 
49 
P97 
P26-8. 
P.127 
P28R 
O213 
O226 es 

Cons-Plank98, 7 
Nod-HEMclone 
Nod-BYlclone 
Nod-F81clone 
cons-Nod99, 4 
NostocS2 

Anae-led 
Aa299 
Aa35 
Aa2S6 
Aa38 
Ana2O2A1 
Aa202A2 - 4. 
Anaessa 
Anab3-1 
Cons-Anas 8 
Mpcc7806-Tillet 
M2OS 
M98 
Mg1260735 
Mgl28.0646 

TOTACCGATA 
ATTGCCTAC 
ATTGCCTACT 
AGCCAC 
ATTGCCTACT 
ATGCCTATC 

. . . . . . . . 
305 

TATAAAA 
TATAAAATTT 
TATAAAAIT 
TATAAAATT 
ATAAAA 

TATAAAAAT 
TATAAAAAT 
TATAAAAAIT 
TATAAAAAT 
TATAAAA 
TCAGAAA 
TCTAGAAA 
TCAGAAA 
CAGAAA 
CAAAATT 
CAGAAA 
CAGAAA 

TOTAGAAA 
CAGAAATT 
TCAGAAA 
CTAGAAATT 
GAAGAAA 
GAAGAAA 
GATAGAAATT 
GATAGAAAT 
GATAGAAATT 
GAAAAA 
GAAGAAA 
GATAGAAA 
CATAGAAATT 
CAAGAAA 
CAAGAAA 
CAAAAA 
CATCCAAAT 

36S 
AGTCCT. 
TAGTTCCTTT 
AGTTCCT. 

TAGTTCCTT. 
TAGTTCCTTT 
TAGTTCCTTT 
AGTCCITT 
TAGTTCCTTT 
AGCCTT. 

TAGTTCCTTT 

GAGTTACTTT 
GAGTACTTT 
GAGTA 
GAGTTACTTT 
GAGTFTACTT 

TCAGOAAA 
AATGAGAA 
AATGAGATA 
AATGAGATA 
AATGTAGATA 
AATGAGAA 

. . . . . . . . 
3.5 

CGAAACA 
TCTGAAATCA 
CGAAATCA 
TCGAAACA 
TCTGAAATCA 
CGAAACA 
CGAAACA 
CGAAATCA 
TCTGAAATCA 
CGAAACA 
GCTGAGAC 
GCGAGAT 
GCGAGATTC 
GCGAGATC 
GCGAGATTC 
GCTGAGATTC 
GCGAGATC 
GCGAGATTC 
GCGAGAC 
GCGAGAC 
ccTeagar 
CTGAAATCA 
CGAAAA 
TCAAATA 

TCTGAAATTA 
CCGAAAA 

TCTGAAATCA 
TCTGAAATCA 
TCGAA.A.A. 
TCCGAAATTC 
TCCAAATC 
CCGAAATC 

TCCGAAATTC 
GCTGAAAA 

375 
ACCAA 

ATCTTCTTAA 
ATCCTTAA 
ACC TAA 
ATCTTCTTAA 
ATCTCTAA 
ATCTTCTTAA 
ACCAA 
ATCCTAA 
ACCAA 
ATTTTTTTAA 
ATTTTTTTAA 
ATTTTTAA 
ATTTTTTTAA 
ATTTTTTAA 

ATCAAACTCA 
ACAAACCCA 
ACAAACCCA 
ACAAACCCA 
ACAAACCCA 
ATCAAACCA 

. . . . . . 
32S 

GAGAA 
GAGAA 
GAGAATTT 
GAGAATTTTT 
GAGAATTTTT 

GAGAATTTTT 
GAGAATTTT 
GACAATTT 
GAGAA 
GAGAATTTTT 
GAGAAAC 
GAGAA TACT 
GAGAAACT 
GAGAAAC 
GACAATTACT 
GAGAAACT 
GAGAAAC 
GAGAATTTCT 
GAGAACT 
GAAATC 
GAGAATTACT 
GAGAACT 
GACAATO 
GAGAACT 

GAGAATTTCT 
GAGAATTTTT 
GAGAACT 

GAGAATTTCT 
GAGAATTTCT 
GAGAATTTCT 
GAGAATTCT 
GAGAAC 
GAGAATTTC 
AGAATC 

. . . . . . . . 
35 

AGCAATCC 
AGCAATTCC 
AGOAACC 
AGCAATTTCC 
ACAATCC 
AGCAATTTCC 
AGCAATTTCC 
AGCAATCC 
AGCAATTTCC 
AGCAATTTCC 
AGCAATTCCC 
AGOAACCC 
AGCAATCCC 
AGCAATTCCC 
AGCAATCCC 

Patent Application Publication Mar. 15, 2007 Sheet 25 of 65 

ATATCAGCC 
GTATCAGCC 
GTTATCAGCC 
GTATCAGCC 
GTATCAGCC 
AATCGC 

. . . . . . . . 
335 

AGCAAAAT 
AGCTAAAA 
AGCTAAAA 
AGCTAAAA 
AGC AAAA 
AGCAAAA 
AGCAAATAT 
AGCAAATA 
AGAAAA 
AGAAAA 
GCCAAATT 

TGCCAAATTT 
TGCCAAATT 
TGCCAAAT 
GCCAAAT 
GCCAAA 
GCCAAA 

TGOCAAGTTT 
GCCAAGT 
GCCAAGT 
TCCAAA 
AGCTAA 
AGCAA 
AGCTAATTT 
AGCTAAT 
AGCTAATTTT 
AGCTAATTTT 
AGCTAATTTT 
AGCAA 
ACGAACT 
ATCGAACTTT 
ACGAAC 
ACGAACT 
CTCTAAATT 

395 
CTTAACTAAA 
CTTAACTAAA 
CTTAACEAAA 
CAACAAA 
CAACTAAA 
CAAAAA 
CAACAAA 
CAACAAA 
CAACTAAA 
CAACEAAA 

CTTAACTCGA 
CTTAACTCGA 
CAACCGA 
CAACOGA 

CFTAACTCGA 

TATTGTOAAA 
ATGAAAA 
TAGAAAA 
TAGAAAA 
ATGAAAA 
A GOAAA 

345 
TGcCAGT 
TTGCCAGTTT 
TGCCAG 
TIGCOAGT 
TGCCAGTTT 
TCGCOAGTTT 
CGCCAG 
CGCCAGT 

TCGCCAGT 
GCCAG 

TTACCAGTTT 
TTACCAGT 
TACCAGT 
TACCAGTI 
TACCAG 
ACCAG 

TTACCAGTTT 
TACCAGT 
TTGCCAGT 
TTGCCAGTTT 

ACCAGT 
CIGCOAGIT 
CTGCCAG. 
TTGccAGTTT 
TTGccAGTTT 
CGCCAGT. 

CTSCCAGTTT 
CTGCCAGT 
CGCCAG 
TTGCCCGTTT 
TTGCCCGT 
TTGCCCGTTT 
TTGCCCGTTT 
TTGCCAGT 

405 
CATGGCAAA 

CATGGCAAAT 
cATGGCAAAT 
CAGGOAAAI 
CAGGCAAA 
CAGGOAAAC 
CAGOAAAC 
CAGGCAAAC 
CATGGCAAAC 
CAGGCAAA 
CAGGGAAA 
CATGGAAAAC 
CAGGAAAAC 
CAGGAAAAC 
CAGGAAAAC 

US 2007/0059699 A1 

CAGATAAACA 
CTGAGTCAGA 
CGAGCAGA 
CTGATCAGA 
CGAGCAGA 
CTGATAAAGA 

35S 
AcATGATTcc 
ACAGATTCC 
ACAGATCC - 
ACATGATCC 
ACAGACC 
ACATGATTCC 
ACAGATCC 
ACATGATTCC 
ACATGATTCC 
ACATGACC 
ATATGATTCC 
ATAGACC 
ATAGACC 
ATAGATTCC 
AAGATCC 
ATATGATTCC 
AAGACC 
ATAGACC 
AATGATCC 
AATGATTCC 
AATGATCC 
ACAGATCC 
ACATGATCC 
ACAAcc 
ACATGATTcc 
ACATGATTCC 
ACATGATTcc AcrgATTcc 
ACAGACC 
ACAGAcc 
ACAGATCC 
AAGATCC 
ACAGATTCC 
ATAGACC 

. . . . . . . . . 
415 

TTGACTTGcG 
TTGACrgcG 
TGACCC 
TTGACTTCCG 
GACGCG 
TeacGC 

TTGACTGCG 
TTGACGCG 
TTGACTTGCG 
GACGCG 

TTGAccTGCA 
TTGACCGCA 
TGACCGCA 
GACCGA 

TTGACCGCA 





Patent Application Publication Mar. 15, 2007 Sheet 27 of 65 

Fig. 19F 
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Fig. 19G 
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55 
GTCCATAAAG 
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GTCCATAAAG 
GITCATAAAG 
GTTCATAAAG 
GTCATAAAG 
GTCATAAAG 
GOAAAAG 
GTCATAAAG 
GTTCATAAAG 
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CAGCTAAT 
CAGCTTTAAT 
CAGCTAAT 
CAGCTAA 
CAGCTTAA 
CAGCTTAAT 
CAGCTAA 
CAGCTTTAAT 
CAGCTTTAAT 
CAGCTTTAA 
CACAA 
CGACTTAAT 
CGACAAT 

TGGCGGACAT. 
TGGCGGACAT 
TGGCGGACAT 
TGGGGACAC 
TGGGGACAC 
TGGTGGACAC 
TGGGGACAC 
TGGGGACAC 
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ATTAGAAA 
ATTAGTAAA 
ATAGTAAA 
AAGAAA 
ATTAGITAAA 
AAGAAA 
ATAGAAA 
ATTAGAAA 
ATTAGAAA 
ATTAGAAA 
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ATCCGAAAA 
ATCCGTAAAA 
ATCCGAAAA 
ATCCGTAAAA 
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ATCCGTAAAA 
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ATCGGTAAAA 
ATCGGAAAA 
ATCGGTAAAA 
ATCGGTAAAA 
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ATCGGAAAA 
ATCGGAAAA 
GGGAAAA 
GTTGGTAAAA 
GTTGGAAAA 
GTTGGTAAAA 
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ATCTAAAGCT 
ACTAAAGC 
ACTAAAGCT 
ATCAAAGC 
ACTAAAGC 
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CTCCCAGACT 
CTCCCAGAC 
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TCTCTGATGC 
TCTCTGAGC 
TCTCTGATGC 
"CACTGCTGC 
CACTGCTGC 
TCACIGCTGC 
CACTGCGC 

TCGCTGCTGC 
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TTAGCTGATT 
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TTAGCTGA 
TAGCGAT 
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GCTGGATTGG 
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GCTGGAGG 
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GCCGGATTAG 
GCCGGATTAG 
GCCGGATAG 
GCCGGATAG 
GCCGGATAG 
GCCGGATAG 
GCCGGATTAG 
GCCGGATAG 
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GCCGGATTAG 
GCCGGATAG 
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GCCGGAAG 

. . . . . 
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AAACTCAAC 
ATAACTCAAC 
ATAACCAAC 
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ATAGCTCCAC 

ATAACTCAAc 
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CGACTTAAT 
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CGACTTAA 
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CGACTTAAT 
CGACTTAAT 
CGACTTAAT 
CGACTTTAA 
CCGTTTTAGT 
CCGTTTTAGT 
CCGTTTTAGT 
CCGTTTTAG 
CCGITAGT 
CCGTTTAGT 
CCGTTTTAGT 
CCGTTTTAGT 
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CAGCTTAGT 
CAGCTTAGT 
CAGCTTAGT 

. . . . . . . . . 
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AAGAATCA 
AAGAATCTTA 
AAGAACTA 
AAGAACTTA 
AAGCATCTA 
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AAGAACTA 
AAGCACA 
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CTCCCAGACT 
CTCCCAGACT 
CTCCCAGACT 
CTCCCAGACT 
CTCCCAGACT 
CTCCCAGAC 
CTCCCAGACT 
CTCCCAGACT 
CTCTAAAACT 
CCTAAAAC 
CTCTAAAACT 
CTCTAAAACT 
CTCTAAAACT 
CTCTAAAACT 
CTCTAAAACT 
CTCTAAAACT 
A CAAAACC 
ATCTAAAACC 
ACAAAACC 
ATCAAAACC 
AGCTAAAACC 

. . . . . . . . . 
7SS 

TCCCATGCT 
TCCCAGICT 
TCCCAGTCT 
TCCCATGICT 
TCCCATGACT 
TCCCATGTCT 
TccCATGircT 
TCCCATGTCT 
TCCCAGTCT 
TCCCAGIC 
TccGATGTCT 
TCCGAGTCT 
TCCGATGTCT 
CCGAGTC 
TccGATGTCT 
TCCGATGTCT 
TCCGATGTCT 
TCCGATGTCT 
TCCGATGICT 
TCCGATGTCT 
TCCGAGTC 
TCCGAGCC 
TCCGATGTCC 
TCCGATGTCC 
TCCGAGTCC 
TCCGATGTCC 
TCCGATGTCC 
TCCGATGTCC 
TCCGATGTCC 
TCCTATGTCT 
TCCTATGTCT 
CCTAGTCT 
CCTAGTC 

TCCCATGTCT 
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CAATACAATT ATCAAGAACC 
CAAACAATT ATCAAGAACC 
CAAACAATT ACAAGAACC 
CAAACAATT ACAAGAACC 
CAAACAAT ACAAGAACC 
CAAACAAT ACAAGAACC 
CAATACAATT ATCAAGAACC 
CAAACAATT ACAAGAACC 
GAAATGA, ATCAAGAACC 
GAAATGATT ATCAAGAACC 
GAATAGATT ACAAGAACC 
GAATAGA ATCAAGAACC 
GAATATGATT ACAAGAACC 
GAATATGATT' ATCAAGAACC 
GAATATGATT ACAAGAACC 
GAATAGAT ATCAAGAACC 
CAAATGAC ATCAAGAACC 
CAAATGACT ATCAAGAACC 
CAATATGACT ACAAGAACC 
CAATATGACT ATCAAGAAcc 
CAAACGATT ATCAAGAACC 

. . . . . . . . . . SEQID NO 
765 

CATGGACAAC GC 
CATGGACAAC GC 2 
CAGGGCAAC GC 3 
CAGGACAAC GC 4. 
CATGGACAAC GC 5 
CATGGACAAC GC 6 
CATGGACAAC GC 7 
CATGGGCAAC GC 8 
CATGGACAAC GC 9 
CATGGACAAC GC 10 
CATGGTCAGC GT 1. 
CATGGTCAGC GT 12 
CAGGTCAGC GT 13 
CATGGCAGC G 14 
cATGGTCAGC GT 15 
CATGGTCAGC GT 16 
CATGGTCAGC GT 17 
CAGGTCAGC GT 18 
CATGGTCAGC GT 19 
CATGGTCAGC GT 20 
CATGGTCAGC GT 21, 
CATGGGCAAC GT 22 
CATGGGCAAC GT 23 
CATGGGAAC GT 24 
CATGGGAAc GT 25 
CATGGGCAAC GT 26 
CATGGGCAAC GT. 27 
CATGGGCAAC GT 28 
CAGGGCAAC G 29 
CAGGGCAAC GC 30 
CATGGGCAAC Gc 3. 
CATGGGCAAC GC 32 
CATGGGCAAC GC 33 
CAGGGCAAC GC 34 
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Anabaena mcyk Length: 10449 SEQID NO 68 

1 ATGGCTCAAA ATACAGATTATAAAAAATTA ATAGCTACAA CCGTCACAAA' 
S. AATGGAGGCG ATGCAGGCTC GCATTACTGA, ATTAGAAACT AGACAAAGTG 

TGTTGTGGGA ATGGGTTGTC GTTTCCCTGG AGGAATCAGT 101 
51 

20. 
251 
30 
351 
401 
451. 
5 Ol 
SS 
60l. 
65 
701. 
751. 
80 
85. 
90. 
951. 
1001 
O5. 
101 
51 

1201. 
251 
1301 
1351 
1401 
451 
50 
1551 
16O1 
651 

. 170 
1.75 
18O 
1851 
1901 
1951 
2001 
2051 
2.01 
215 
220 
2251 
2301 
235 
2401 
245 
2SO1 
25S 
26O. 
265 
270 
2751 
28 Ol 
2851. 
29 O1 

AGCCGATTGC 
TCTCCTGAAG 
AGAAGTTCC 
CTACTCCTGG 
ATTACAGAAT 
TTCAATGGAT 
TAGAAAACGC 
GTGTTTGTCG 
CAAGATGAT 
CAGOAGCAGG 
TCTATTGATG 
TCGCAGCTTG 
ATCTCATCTT 
ATGTCTCCCG 
GTGCGGGGC 

- CTGAAAAAAA 
AATCATAACG 
ACAAGATTTA 
AAGTCGGTTA 
ATGAGATGA 
TTACGTCGGT 
GGATAGCAGG 
CCGTCTCATC 
ATACCCGATC 
AAGTCCGTAT 
CACATAAA 
GCAACGTCCC 
TAAAAGAACT 
ATGGGAGATA 
ACGTTTAGCG 
CAGCTTTTGC 
TTTACAGGAG 
AGCTTGTTAT 
TTCGCCAATA 
TTTCCACTAC 
AACTGCATAC 
TGTGTGGCA 
GTTGGTGAAT 
AGGTCAGOA. 
TAGGAAAAA 
ATCAAAAC 
ACAAATTGG 
ACTGOAAAAG 
TTCATTCTC 
TCGTGAGGTT 
ATGGAOAACC 
AGCCGTCAAG 
AGGAATAAC 
AAGGCCGTCG 
GGCTTGGATA 
TAATGGAGT 
GAAAATCCA 
AAATCTACTG 
AAGAGAGCTA 
AAAAAAATCA 
CTACTTAAAG 
TCTGGGAGCA 

CTATGGAA 
CAAAGCCGTT 
CAAAATGAAC 
TTGAGCCCG 
CCTCAACACA 
CAATTTACCA 
GTATCACTAG 
GAAATCGATT 
TAGGTTATCT 
CAGCCTGTGC 
AGAAATCATG 
AGACCGGCA 
ATGGTCGCTG 
GAAGGATGCG 
TGGCAATCGC 
GTGCAGCCGC 
CTTCGTCAAG 
TATAGAAGCA 
ACGCGATCGC 
TCAGTTAAGA 
CACAATCAAG 
TCCACTTCCA 
AAAATTCCTA 
CGCTGGAGC 
TTGAACAAGC 
AGCCATCTGT 
AGCACACG 

TTTGTCATAG 
ATCGTTGCAG 
TGAGGAAAAA. 

CTTTTGTCAA 
GGGATATCC 
ACTCGTTATG 
TTTCTCTCC 
GGTTATTACT 
CCAACTAATT 
TGTTGACCAC 
CTTTTTTTGG 
TATTTTCTCA 
TTCTTCATTG 
AGGCAAAAT 
ATTACGATTA 
CAAGACTTTT 
GGGTTTTAGT 
ATTCTCGCA 
CGGTTTAACA 
CCTTAGCTGA 

GCTGGACTTG 
AAAATTTTAT 
GGGGATTTTT 
ATATCTTCCC 
GAGGTGGCG 
AGCAGGCGA 

GCGATGACAG 
TACAGGAAAC 
ACCTCCGCGG 
GTTGCACTTC 
AGCCTTAGA 
ACCTTGTCA, 
GAGCGGCG 
TCCAAACGC 
TACACGGGG 
GTCCCAGTG. 
TGCAGAGTC 

CATGGTACGG 
TGCTGTGTAT 
CTAATATCGG 
ACAATTCTCG 
AGAACCCAA 
GTCAAGCCA 
AGTTCCTTCG 
ACCTGCGCC 
TGACGATTTC 
TTTCACAccC. 
focGGCAArt 
ATACATTGAC 
AATATTGATC 

AAAAAACCC AAAAAGC 
GCGGGTATGG 
TATTGATCAA 
AACAAATATT 
GCTCAACCAG 
ATCTTGGGGA 
ATGGCAGC 
TAAGTA 

GGCTTCAGTT 
ATGGTAATAC 
ATTTCTGGGG 
CCAAAAAAA 
CATAATGGA, 
"TCGTATCATC 

TAACAACT 
CAGGCAGA 
CATTTTTAG 
TTATAACGAT 
ACTGGCAGAC 
AATAACG 
ATTACCAAAT 
TTTTATCACA 
AGGAGACA 
GCAAGAAATC 

GAAOAAC 
TGGCAGACA 
ATTGGCGA 
CTATATTTGc 
ACAAACCA 
TTGTATTGCA 
AACGGGGCA 
TTTGCAGATG 
AGTTCCATC 
AAAGAAAG 
GCCGTTCAA 
GCAACTA 
circCTCAAAT 
GCGCCTGATG 
TTTCCAGAGT 
AAGTGGGTCC 
GACGCTATAT 
GAGCTACA 
CCGAAAAA 
TATCCTTC 
ATCAAGTTTG 
ATATGAAT 
GGTAAAAA 

GTACTTCTTT 
GGAGAGCGA 
ACATCTCGAA 
cCCTCCAGCA 
CCCCTGATTA 
ACCCTGGTCG 
GTTTTTCTGG 
AACAACCAG 
TGCTCATAGC 
GCTTAGAGTC 
GGTAGGTCGT 
AGAGTTGCAA 
ATGGGATTTT 
TTTCTTTTCA 
TACCAAACC 
TAGGAAA 

CGCACAGA 
TCAGAAA 
GTTTACAA 
GGAGTATTTA 
AAAGCAA 
AAGCACGG 
GCGGCTATTA 
TATTGATGAG 
TACTATCTGT 
GATGATTTG 
TCTACTAGT 
CAAGTACTG 
CTAATTACGG 
AAGACCAATA 
GGCTAGTC 
GCACTTGCCC 
CAATAAAGAT 
AAAGAAAACG 
ACCAAAGAAG 
AGCAAAAGT 
TAAAGTCAT 

AAGATGAAAATGACATTAGA GATGATGAGA 
GATTCGATTA TTTTGACCGA CTTGTCGC 

ATGCAATTGT 
GCTCCAGAGC 
ACAACAGGAT 
GCGAAGCAAC 
TGGGAAGCGT 
TCGCGTGGGT 
TCTACAAAAG 
TCCCTAAGTG 
ACCTTGTATG 
ACCAAGCTAT 
GGTGGGCA 
GTCGGGGATG 
CAAATGGAA 
CGTCTGTCG 
GTCTGCGGC 
GCCCCGCCCA 
AAACCCCAGG 
AGGCGACCCC 
CGCAACCCT 
GCTGCCGCAG 
TGGTGAGATT 
AGGCAAGG 
AACAATGGCC 
AACCAAGC 
AAATAAAC 
GAAACGGGTT 
TCATeCAGAG 
CTTTACCTGA 
CAAAGATTAG 
TTATCGACGT. 
GTGGTCAAGG 
CAACCGACA 
TTATTAGAG 
ACCAA CA 

TCACGCCA 
TGGCCATAGC 
GTTAGAAGC 
ACTGCACCTC 
ATCTGCTCTC 
ATCATCCTCA 
ATTGTCGCCA 
AAATGGGGCT 
AAAGCGC 
TCAGGAATTG 
GAGACAACAA 
CGTTAAACAA 
CTAGOAGAAC 
TCTCAA AGA 
AACTCACA 
TAGGCTATA 
ITTTCAATT 
TGCCTTAGA 
GCAAATATCA 
CTTGGCTTTG 
CAAAAA 
AAAATTGAAG Fig. 22A 
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295. 
3OO 
3OS 
30 
35 
320 
3251 
33 Ol 
335 
34 Ol 
345 
350. 
3.SS1 
36O. 
36S 
370. 
375 
380. 
3851 
3901 
39S 

4001 
4 OS 
40 
41S1 
A2 Ol 
A2S 
430 
435 
440 
445 
45O1 
4S5 
460 
46S 
47 Ol 

. 4751 
4801 
485 
4901 
495 
500 
SOS 
50 
551 
52O1 
S2S 
5301 
535 
S40 
S4S. 
550 
SS5 
560. 
565. 
S7 Ol 
575 
580 
585. 
590. 

. 5951 
600 
6051 

AAAAATTGG 
ACAATTGACG 
ATCAAATACA 
CAGTTCAAGT 
ATTTCCCAAT 
AGTATTAGG 
TATTACAAAC 
TATTAAAAA 
ATGGAAGTA 
AGAACTGCA 
CAACGTGG 
TTTAGAGTTA 
ATGGCAATTC 
ATTAACTCTA 
TATTGAAGTG 
ATTTAAATCT 
CCCCAATA 
CAATCAATTA 
ATTCCTATCA 

. ATTACAGAAA 
CTTGGTATTA 
TGGACTCAC 
GATACTCCAT 
TGGATTGTC 
ACAATGGACA 
GATCACCAAT 
AGCTTTGATG 
ATGAAAAAAC 
GCACOAAGCA 
TACTCCAAA 
GTTCTCCAAA 
TTAACCGAAC 
TCAAAGAACA 
TGGTTGATGT 

. CAGTATCCCA 
CGATGGCAAT 
TTGGGCATAG 
CACGGAATTG 
TTTAATTGT 
GACAGAAGC 
CGCCAAAAAA 
CATTTTAGCC 
TTGGTACAcc 
GCGGAAGAAA 
AGTTTTAGTA 
AATTTATCCA 
ATTTTTGATG 
GGAATGGTTT 
GTGGTGGTTT 
ACAGTTGATG 
AGAAAACT 
CTGCTTGTCG 
CAAGAAACAG 
GTRCTTTCAA 
TGTTTCGCTT 
GAATTACCAC 
GGAAAAACGA 
ATAAAGAGT 
GGTTTTTTCG 
CGATCGCACT 
CTACCAGTGA 
ACCGCTTCAG 
TTAGATATT 

CGTAAAAGC 
AAATATCTAT 
TCTGATGAAA 
ATCAATTCC 
TACAACCAA 
AAAAGACAA 
CTTACCCAA 
CTAGAGCA 
AAAAGCCTAC 
AACAATGT 
GAGAAAATT 
ATTTTCCCAG 
TCCTGTATCT 

TAAATAA 
GGAGGGGTA 
CAATCATACA 
AAGCACGGCA 
GATATTGAAA 
CATAGTTGTT. 
CACTCAATAA 
CTAGAAACAG 
ACCTGGATGG 
TGCTAAGTGG 
AATGCAGATA 
AGAGTTAATT 
CAAAAACAGT 
ATGGCTCAAT 
TATATCAAG 
ATACACCAGA 
AAAGOAAAA 
TTTGAACCA 
AACAGCAAGC 
GCAAAATCCA 
GAAACCTACT 
TCGTTCAGA 
GATTACATCG 
TCCTGATTTT. 
GTTTAGGAAT 
GAAATAACAG 
GATTATGGCA 
TTGTGATTTT 
CGCGCTGGCG 
ACAGGAAG 
GTCTAGAAAT 
GAACCGTGC 
AAAATTACGT 
AGATTATTAC 
GAGATTGAGG 
GCCTATCAGT 
GCGGTTTCTG 
GCTATGGTG 
GGCAGTGCT 
TCAATCAA 
GAAACAGGAA 
TGAATCTTCT 
TTTTTTACA 
GTTTGTTTTC 
AGCTGCTGTC 
CAAATGCAA 
GAAGAGAAG 
AGCGCAACG 
CATCATATAA 
TCATCTTTAC 
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AAGATAGATc AATTATTTAC TGATTTACAA 
TTATCTATCT 
CAGCAATAAA 
GAGCCAGAAT 
TGCTGTTGCT 
GAAGOAGA 
GCCTCAAAA 
AACTGGAATT 
CTACGCCTTT 
COAGCAGCAA 
AGCAGAAG 
CAGGTTCAGT 
CGTTTGATGA 
TTTTTCTAGT 
CAGGTGCGAC 
ACITATTTTT 
AAAAAAA 
AATCACCAGT 
GCTGCTAACG 
TATTCGAGAA 
TAGAAAAAA 
TGGCGTTTC 
AGAAAGTGG 
TTIATTCTCA 
ATTGCTTCCA 
AGCTGTATCA 
TGCAATCTTT 
CAAT AGAAA 
AGTTTGTTG 
CAGAAACCAC 
CTAGCTAA 
TTTCATCCAA 
AGGCATATTC 
ATTGACTTCC 
ATCAGCCCAA 
ACTTAGCAAT 
GTGTTGACAG 
GCAGrcTAAT 
GTGTAGAACG 
GCAGTCGTA 
GCTGGTTCT 

AGGAAGCAGG 
GGAAGAG. 
AATTGCAGAG 
AGAGCCGTAA 
AAATTGACTC 
TGGATTTCGC 
CAGATATAG 
ATGATCTGCG 
GAGAGGA 
GTACTTCTG 
TTACATTAC 
AACAATCGA 
TTCCTATCCG 
GGGCTTATA 
CTTATTAAAT 
TCTOAACCG 
AAAGAAGCGA 
ACCACCACAA 
AGCTAGGAA 
CAGCTTTGGC 
TGTGACTACT 
AACAAGCGAT 

GATTATATA 
TGAATTTTA 
TAAATAATTA 
TATATCTTGA 
CACCTGGACA 
ATCATATTTT 
ATCAAAAC 
TCTTTACCA 

AACCTGAATT 
CCAAAGGAA 
TGTCCATGCA 
AOAACGAG 
AGCGATCGCC 
ATCTGAAGOA 
CACTGAACT 
AAAGGCAA 
TCTCAAGGG 
TGCTTCATAG 
CTACAATAC 
TCATGGCT 
AAGATAAAGA 
GTGCTGOTT 
ACAAAAAA 
CTTCTCCTGA 
ATACCAACCT 
GAAAGAACC 
TACTGOAAC 
ATCAAACAG 
ACCCCACC 
AACTGACAGA 
AAATTAGAGA 
GCAAAACAGC 
GTAGGCTTT 
GGTGCAAT 
GGGGGGA 
AAATTCAGCA 
ATTGCAGCAG 
AGTCGCTTTT 
TTGCTCGC 
TATCACGGA 
AACAGCTGAA 
TATAGOT 
CAAGCTGATA 
AccAGATTTA 
AACAAAAAGA 
AACTCCAG 
AGTTTATGGT 
GAAAGCAGA 
GATGATTCec 
TCGTCATCCC 
GTGAACAAGG 
TTAGCTATG 
CATTGTTCAT 
GTATTTTCCT 
CTCAAAGGG 
CCATACCAA 
TTATAGAACT 
ACAAAGAAAA 
TAATTTAAAT 
TATTGGCAGA 
TCCTTAGAAT 
TAATGAAGA 

AACAAAAACC 
ACTAAAACC 
TCTGTGGGTG 
AAGCTTAGA 
ACAGAGGATT 
AGTTAATCG 
AAGGTAATG 
GAAGCTA AG 
GGAAGCA 
ATA AGATCC 
GAAAGTATAT 
ATCCCAAGCA 
CTTACCAAAT 
ATGTTAATA 
TTCTCCTGT 
AGITAACT 
TAACAGCGC 
ACCCCAAAT 
CTGGGGA 
GAAACT 
GTACGTTTA 
TAAAACGTCG 
ATCAGCACT 
GAGTGCTAT 
CTGGCAAAGA 
AAAGATATC 
TGCACCGT 
AAACTGCGCC 
CAAAAAAA 
GAGAAAC 
TTGTTTAAA 
CGGAAGACAA 
AAAAGAATTT 
TTCGTGATAT 
GTTAACTTTT 
ACAAATGCAA 

AGTAAACTG 
TCGGACAAAA 
CTTGAGG 
CCATTGAGTC 
TACCTATGGA 
AAGCAGC 
CAGCCTAAAG 
AATTGCCCA 
GAGGAGCGCA 
AAGGCGATCG 
TTTCTTAGAC 
ATCCGCAAAC 
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AAACAGCTGC 

TTAGCTTTGG 
CGCAACGCT 
AGGTAATCA 
TTTGGCTCT 
CAAACCTATC 
GTATACATG 
GAGGATAAA 
GCGACAAGCA 
GAGAAGCAAG 
CAGCAATTC 
ATTAGATACA 
TGCGGGTGC 
GCAATCGCC Fig. 22B 
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6101 
61S. 
620. 
625 
6301 
63S 
640 
645 
6SOL 
6SS 
660 
6651 
670 
6751 
680. 
685. 
690l. 
69 Sl 
700 
7051 
70 
71S1 
72 Ol 
725 
730. 
735. 
740 
745 
75 Ol 
755. 
76 Ol 
765. 
770 
7751. 
7801 
78S 
7901 
7951. 

. BOOL 
8051 
80. 
85. 
82O1 
825. 
8301 
835 
840. 
8451 
850. 
855. 
860 
8651 
870 
875l. 
8801 
8851 
890 
895 
9 OO 

. 905 
... 90 
91.5 
920 

ACGAAGCGTT 
ATCAGTAGTG 
TAACCCAGAA 
CTTTGACT 
GCACCTGAAC 
TGGTTGGTCA 
CAAAAAGG 
AAATATAG 
ACACGTGAT 
AACTTCCTAC 
AGAGAAAGTA 
AGGACGCAAA 
CAGCTTTTTT 
CCCATTTCTG 
TTCGCAATTT 
TTACACACT 
CAAACTCACG 
TTTTTCGCGT 
TAACTTACC 
ATTGGTTACA 
CGCACTGATT 
CTATCAAACA 
AAAGATGCCA 
ACAGGAAGAA 
AAAATTCAC 
GAGCACCTG 
GAATGAGAAG 
TGGTGCGGG 
ATTATCGCCA 
AGACCCCCAA 
GCTGTCATC 
GAAATCGAAG 
GACAAAAT 

TTTTATACAC 
CACAFTTCTA 
AAAAAACA 
ACCCATCTTT 
TATATGTACG 
AAACAAAATC 
TAGCTGTACT 
TGCGGGGGAG 
CTTCCCTGCT 
TAGGAGAC 
CTTGGICAGG 
TCACCCCGTA 
CATAGCAGT 
OAACCCAACT 
AGGTAAACAA 
ATCAAGTTAA 
CAAATTAGCC 
GGAAAAAC 
TAAAATTTTC 
AGATCCTA 
TGGCAAATTT 
AACACAAG 

GTCCATATTT 
TAACTTTTTT 
CTCACGTCCA 
AAAGTCCCA 
TAACTATCAA 
TGTCTCATGG 
CATTATGCTT 
TATCGCTGCC 

GCGAACCAAA ATATTAGAAc AAGGCGAACT ACAGGAAGTA 
TCACAATTGA 
GCAACTGCTT 
GGGTGTTGCT 
ATTATCTGCT 
CAGGGCAA 
TGTTGCTACA 
CTTTGCGACA 
TTTTGGTTAA 
AGACTTTCCT 
AAATTATTGC 
AATCAAGCAA 
GCGGCGCATT 
GACGACAAGT 
TTACCGATTC 
TCGTCACACC 
CCTTAGAAGA 
TCTCCCCGA 
TGAATTTGAA 
CTCCTTTCGA 
ATCTACTGCA 
GTTTCTAGAA 
AATTTTACT 
TATTGGCAA 
AATCATTGAT 
CATTAATAGT 
GTAAATCGT 
GAAGGCGATC 
TTCTGGCTAC 
ACCAGCA 

CTGTCTTACC 
CAATCGCTT 
GAGCCTAATT 
TTCTGGCTCT 
TTTGAATGT 
CCTGAATGGC 
CGTAAAT. 

AAGTACAGCA 
AATGTACTGC 
CGCACCCGAA 
AAAAATTAGA 
GAAATTGTCA 
TCAATATACA 
TTTTCCAAA 
CCTCTGCACG 
TGGTTATCGT 
TTTTAAATTC 
ATTGCTCCAG 
GGTCAATGGC 
GCTATGCCGA 
CAAATTCAA 
TGAAATCAGA 
GTTCCTTA) 
GACTTGCGAT 
CTCTTATACT 
GGGAAAAAAT 
GAAATCGGCG 
AAAGAAA 

CAATTCTTGG 
GAACCCAAC 
ACAACGCCG 
ACGGAATGCC 
TTTGAAAATG 

CTTACCGTTA 
AGTATTGAG 
CCTTTATTG 
AACTTTAAAA 
TTTTGAATGA 
GAACTTTAT 
GCAAGAAGCG 
AAACTTATGA 
CGTCCTGCTG 
TCCTCAACTA 
CATTATAT 
TCCGGTCATG 
CGAAGGAAGC 
GTACCAGAC 
AAAGAAACAC 
ATTATTAGCA 
TTTCAGTCTC 
GGACTGAACG 
TTTGGGCITT 
ACACAATAC 
AGIGAAA 
GTCTGAGTG 
AAAACAGG 
GACTTTATTG 
TGAGGAAAAG 
TAACCAATTA 
GCACTCGCAA 
TTTTAAAACC 
GCGCACGA 
GAGAGAA 
AGAAAAAC 
TCCAACCAGA 
ACCGGAAACC 
AATCGGAGT 
GTTATATTTT 
TTCCTACCTT 
TATAGGGCAT 
ACACAACACC 
GAAACTATCC 
CCGAGAAAC 
GCAAGC A 
ATAGACGACA 
CAATCGAA 
TAATCGGGA 
AATCTTCCTG 
AGAAAAAA 
GTGTGATTGA 
TATCGTGTAG 
GATTGAGAAA 
TATCGCTTA. 
GAATTTTTAG 
CCTTAAAG 
CGCTCATCGC 
GCACCGCGTA 
TCTCACTAAA 
GACACTCTCT 
AAGTATTAG 
ATTAGCAGCT 
CAGOAATAAC 
CTCTGGGCTT 
AAGTGCTTA 
CTTAAAAA 

ATCAATTGA 
AACTGAGTTA 
cGGCTGTGCT 
ACTCATCATA 
ACTCGGCAAA 
CGCCACCAA 
CAAAGCCAC 
GGGAGAAATC 
CAAAACTTA 
TGGCAAAATT 
GACAAGTTT 
AGATTTAGT 
GAAAAAAG 
AGAGCAC 
TCATAGCCGC 
GCCTTACAAT 
TTTCAATCTC 
ATCGCTACC 

AATTCATCG 
AGAACTGT 
TTTTGATGCA 
CATIATAA 
TCAACAAA. 
CTCAAGTTAA 
ACTCTTACCT 
CTTACGTGAG 
CGGACGCAA 

GGGGCGATA 

TTTTATTTTA 
TTATCTCCCA 
GACAATATTT 
CACTAACCAA 
CTAAAGGAGT 
TTACGACTGA 
CACTGCACCT 
AACOAAGG 

TTAGTTTCAT 
ATCTATAC 
CCACTTAAA 
GCGATCGCTT 
CGGTTCTACA 
ACAAAAC 
TTGTCTTAG 
AAGCGTA 
AAATACOAG 
CCTTAGAA 
ATTTATAGGG 
ATCCAGGAGA 
GCAATTGTCT 
TTGTCAAACT 
CTAAAAIT 
CAATTTCCCT 
TCCAAGCCA 
ATACTTAGA 
CACCCATTG 
GCTCCTTTCT 
TTAAATTAGC 
TAATATCTA 
TCAACAAGAA 
TAGAATTCCT 
CAATTCAATG 
ATCATAGAA 

TGGATGAAGA 
TCGCAAAAGC 
GATGCGTTTA. 
TTGTTGCAGA 
CTTTATTCAG 
GCAGTCGC 
AAATGCAAGC 
CCCATATTTG 
CACAGGCGGT 
TACAGACTG, 
GCGCTTACA 
AATTGGTATT 
TTGGCTTTTG 
GCTTCTTTTG 
TTTTAAACAC 
TACAACGAGA 
GACCCTAAA 
ACCAGAGCCA 
AAGOAAGA 
AAGCCGGAAA 
GGGGTAAT 
CACAAGGCA 
GAATACCCC 
ATCTACACCC 
ATCGAGAAT 
AAAATAACC 
TCAAAACTTA 
ATGTGCCGA 
AAAGAAGG 
ATTACCCCAA 
GACGGATT 
AGCTA A 
CATGGGTCGT 
CATTTAACTT 
GTCACCCATG 
TGCTGCTTTA 
TTTTACAAGA 
CGAGAAATTT 
ATATATCTCT 
TACGAAAACG 
GAAACGG 
AGACGTACC 
ATGAATTCAA 
GAAGGGCAG 
AGAAAAA 
CGGGAGA 
CGAAAAGAA 
AAGAAAC 
TACCTATAGA 
GATAAAGAA 
GCOAGTTTAC 
AACTAAACA 

ACAGATCAAT 
ACAAAGCTA 
GAATTGA 
AGAGTAGOA 

. GATTTCTTC 
AAGCTCAATC 
TCTTATCCCA. 
CGATCATAAC 
GTGATTTAAA 
CGCCATGAAA 
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Fig. 22C 
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925 
93 O1 
9351 
94 Ol 
945 
9501 
955 
9601 
96.51 
970 
9751 
98.01 
9851 
9901 
99 S1 
1000, 

TTTTACGCAC 
AACGAACAGG 
AAACCAAGCA 
CTTTTGATTT 
AGTCAACAGA 
TGGTTGGTCA 
CCATGGAAA 
AAAG ACTATA 
AGCACAAAGG 
TTGATTACC 
TCTGTGGTTA 
ATTAACAAG 
TCAAAGGTTT 
TCTCCCATTG 
TATGTTAAT 

TACGTTTACT 
TAGATTTTGC 
GOAAAAATTG 
AGAATCCGG 
GTAATAAGT 
GCAGGCGTTT 
AGAGAATGTA 
CTTCATGGCA 
GAACTGGT 
TTTAGATTAT 
TCTGGAAGCC 
ACCAAGAAG 
TCTGTTTCGC 
'CTGGAAGAAA 
ACTTAGTCI 

TTAATCAATA 
AGTCAATCAA 
CTGAAGCTAT 
CTTCTACTCA 
CCTATTCAAT 
TAATTAAAGA 
GAATTACCCC 
AAATCAGCAA 
TACCAAACT 
ACTCGACCAG 
AAATCAAGAA 
CAGTTATT 
TATACCGAGC 
TCATCCCGA 
TGCGCGATCA 

ACGAACCTCG 
ATAGACTTAG 
TCGAACAA 
AGATTAATGT 
ATGCACCAA 
TTTCTTGCA 
CACCTCTAAG 
CTCCAAACAC 
GATTCCTGCT 
CCGACAAAG 
TCATCAAGG 
TAGGGCTTA 
AGAAGAAA 
TAGAAGAAC 
AAAACAGA 
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TCAAATAGTA 
TAGATGAGA 
GCCAAAACA 
ACAAAGCG 
TCATTCAGA 
CATTATCATG 
AATTCATTAT 
CAAAATTGOA 
CCAGCACCGC 
TTTTTCTGGT 
ATTTGAGT 
CAACATAG 
ACAGAGGC 

AAAAGG 
GACGAAGC 

1005 
OO1 
1015 
O20 
O2S1 
O30 

1.0351 
O4. O. 

TTGCTACTTT ACTGGCAAAA GTGAAAACAA CCACAATAGA GGCATATGAT 
AACCAAGAA ATCCTTTTGA TAAACTAGA TCAGATTAA ATTTAAACG 
CGATCCTAGC CGTAACCCTT TATTGATGT TGTAGTTGT. CTGOAAAATA 
ATCAAAATGT AGACCTAGCA ATAGAGGAA TGCTGTTAA TACCCTTGAG 
CAGGAACTTG TTACTGCTAA ATTTGATCA GAGTTCATT TTGTGGACGA 
AGCGGAATTA TATTTGAAGT TAATCTACAA CACAGATATA TTCGCTAACG 
AACGTATTTC ATTGATGATA AAGTTGTTAG AAACTCTTCT AGAAGAAGTA 
GTCAAATCTC CTGACACACC ATTATTACA CGTGCGATC ACACAGAAA 
AGCCTGTCAA GAAGATAACA GTCTTTCGC CACAAATTTT AATTTTAG 

Fig. 22D 
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DTGNKIEKQRFANWGIHSMPSDTAIKYLSDLILSDVDQGIILDIDWSTFNQAFNINQPFF 
AEVITTKADSKEAKLLERLKSVSIDERAENLSQGIEQILREWTGLSASSVIPHHTSFLEL 
GLNSLMVLEFKNRLQSNLACTLPTSIIFDYPNIASLNIYLOKEVLADSVDFRIKSNESSE 
IVNPYESLNEDETAILLNQKLAELEEYGD 

Fig. 23B 
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Anabaena ACYP ength: 1610 

1 ATGGAGTGG AGATAAGAA CGAAAGTCT GTCCAAGCTA GGGTGTTTAA 
51 GGCGCTAAAT GAAGCGAAGG AGAGATTAAA AGCTGTTGAA GCTCAACAAA 
101 
151 
2011 
2S1 
30 
3S 
40 
45. 
SO 
551 
60 
651 
701. 

80 
851 
9 O1 
95. 

GCGAACCGAT 
TCCACTCCTG 
CACAGAGA 
ATCGAGAA 
GACGTGTCGA 
TIGCATATC 
CGTAGAAGA 
GGTGTTTTTA 
GGGAGGAGAT 
TAAATGCTGC 
AGTTGGCTA 
AGCTTGCCGT 
GAGAAACC 
CAGATGTAG 
CGGATTTGGG 
GTGAAGCC 
TCTGTCAATA 
AGCAGACA 

TGCGGTTGTG 
AAGCTTTTTG 
CCTAGCGATC 
ACCCGGCAAA 
TGTTTGACGC 
GACCCAGC 
TGCTGGTATG 
TTGGCATCAC 
TATAGCACAA 
TGCTGGACGC 
TCGATACGGC 
TCTTTGCGCT 
AATTCTCACC 
CTGCTGACGG 
AGGGAAG 
AGCAGATAGT 
ACGATGGGC 
GATTTAATTC 

LOO. 
O5. 
1101 
1151 
1201. 
25 
1301 
135 
1401 
145 
1501 
551 
6O1 
65 

1701. 
1751. 
18O1 
1851 
90 
1951 
2001 
2051 
2101 
215. 
2201. 
225 
23 Ol 
235 
2401 
245. 
250 
2SS1 
2601. 
2651 
270 
2751 
280 
2851 
290 
295. 
300 

CCAATGCTAT 
GATCCGATG 
TCCATCCCAA 
TAGCGGCGGC 
TATCATGGCG 
CATTAATGG 
GGACTCAAGG 
GCATCGGGAA 
ATCCTCAACT 
ATGAAGAACG 
CAAAAACCGG 
TCGTTTCAT. 
GTAAAGA 

TGATTATGIC 
AAAAAAGC 
CCTTTGTTAA 
GGCGGGGAT 
AAACCGGC 
GATAGOAAC 
CAATGGCAAG 
CAAAGCCA 
AAAACAACA 

ATTGcGTCTG 
AAGTAACTT 
CATAAACAGC 
ACAAC TCGA 

AATATCATTTACGGTGAGGT 
CAATGATGCA 
AGAGCCGT 
AACTATAA 
AAACGACC 
'TTGGAACT 
AATGGTTAG 
TGGAGATGCA 
AAAGGGAGA 
TCTATCGA 
TAATAATTAT. 
TAGACAATA 
ATATTTCTAG 
ATACCAGCA 
GAAACA 
GAAAAA 
TAGTTTGCCC 
TAAATCAAA 
CCCCTCTCTT CTATTCAATA 
ATTTTTAACA 
CTTTTATTGA 
GAAAAACG 
ATTACAGTA 
ATAATAATTG 
CTAGATGCAA 
GCAGATGGAA 
ATTACGGCAG 

AGAACTATAT 
ATTTCGTGAT 
ATTTCTCTAT 
TTATATGTTC 
CTGGAAATCT 
GCGAATATAT 
GITAAATAG 
AAAAGAAT 
ATCCACAAC 
ATTAAAACTG 
GAAAAAGGG 

AGATTGGAAA 
AAAGAAATCC 
GCAAATCCAA 
ATTGGCAAGA 
AGTTCTCCTT 
TCGCTCTGGA 

GAACATCAAG 
AAGGCGITA 
AATTCAAAA 
ATTATTGAAC 
GGATGTACTT 
ATCGCCAAAA 
ATTAATTCAT 
TAGCTTCCAG 

GGTTTGGGTT 
GTCTTTTCC 
GCTGGAATGT 
ATCATGTAT 
GCACTTTTTT 
AACGGTTACT 
GCTGCGCCTA 
AAACAATGA 
TAGGGGCTA 
ATTTCTTATC 
TTGITCTTCT 
CCCAGGAAG 
CCGGAAGGC 
TAGGGCAAA 
GTTGCGGAGT 
GATCGCAT 
CAGTGGCGG 
GTGATGCTTT 
GAGGCTCACG 
GATCGCTGAT 
TCGGTCTG, 
TCTGGCTGA 
ACATCTCAA 
CTCTGCACGT 
AAAAAGCGG 
GCAATATTG 
TTCCTGTACT 
ITGGCTGCTA 
AACTGATArc 
GATTAACTT 
GCTTTTGA 
ACGAGTAAAT 
'TTCCGGCGAT GCTTGATGc 
AGAAGACTTA 
ACCCAAOATT 
GGGGAACC 

TGCTGCTCAA 
GGOAACCG 
TTAGCTTTC 
CACTTTAATT 
cTGCTTACTG 
ATTTTTACCT 
TCAGCCCAA 
TTTGCTTATG 
ACAGTCATAG 
ATTCCATCGC 
TATCGCAA 
CACCCTTTAT 
TCGAGCTAGT 
TTTTTGATAA 
GCAGCGGCAC 
AGCACTATTG 
AAAATTGTTT 
GTTACCGGGG 
TCTAGAACAA 
TATGAAAG 
ATCATTAATA 

AGTGCATTTG CTAAAATCAA GTTAACACAA 

SEQID NO 70 

GTCGTTTTGG 
AAAGCGGG 
GTCTGATTT 
CTCAAGGCGG 
GGGATGCAC 
TTTAGAAGT 
CGCCAGAAT 
TATGCTCGTC 
TCATATCTCT 
TTTTGAACT 
TCACTGGTAG 
CGGCAAGC 
CGATCGCCT 
ACCTTTGACG 
TGTTGTTTTA 
GGGCGTTAAT 
TTACTGTC 
AGCTGAGCT 

TAAAAATATT 
GTAATACGCT 
TAGACCAG 
TTTTCTCAAT 
CGAGAGAAGC 
GGCAGAGG 
CGGCAAAACC 
TGATTGCACC 
GGOAACCATA 
CAATGGCCCT 
cAGTGCATTT 
TTGGTGGGGG 
GGCAGAAA 
AAAGGCGA 
AAAAGGGA 
TCGAGGAACA 
CTAATGGACC 
CGTCTAAGTG 
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GACGGGAC 
GCTTTATGTG 
CAAAACAAAT 
TCAAGACTAT 
TTCCAAAAAC 
GGTGACACAG 
CGGAGCAG 
AGTGAACCTC. 
GGTAACTCTG 
ACTTTGTTAA 
GCCTTTTCG 
ATTAGTTTCC 
AGGAAGA 
ACTAAAA TCG 
GGGGAAAGAG 
AATGCGATCG 
CTGAAACA 
ATTTGCGCTG 
GCCCTTCTGC 
CAAGCTGGAA 
CGTTCATTTA 
AAAAAGTAGC 
TCTAATAATG 
GTTGCAACAG 
TACATCAGAT 
AAAAACG 
TAGTTTAGCA 
CGAACAA 
CTTGCCAG 

ACGCTACTGG 
TAGGCGACG 
ATTAGOAGA 
ACCGAATTT 
AAAGCCAAGC 
CTGCAAGAAC 
TCAAAAA 
GAAGAAG 
ATAGCGCTA 
ATACAAAAA 
AGCTCAACG 
ATTCAGGTC 

ACTTAGGA 
TCAATCGCTC 
CTTGGTCATC 
ATTATCATC 
CAAATCCCA 
ACTCGCCCCT 
TCTTTTGGA 
CGCAAGTACA 
TCTGCTAAAG 
TTATATTGAC 
TAAATACAGG 
AATACTGCTA 
CCGAGAAGC 
CTTGTTTG 
cTrTTTGTAA 
cCTATTTCAA 
ATCAAGATAT 
CAAATGCC 
AAAGGA 
TTTTTTCGAT 
TTTAGCGAGC 
TGAAGAAGTT 
GTGAGGTTGC 
cTACATCAcc 
GGGCACAA 
TTCATAGTAA 
AAAGATTGCA 
TGTAAGAGGA 
GACAAAAAA 
GTAGAGCA 
CTTCCCCTC. 
ACAACCCAGA 
CCTGGGCAG 
TGTAATTTTA 
AAGAGGATAC 
CAGOAAAGTA 
TTAAATAA 
ACTGTCCAGA 
TAGGAGTTA 
TGGCAAAAAT 
TAGAAGCCGA Fig. 24A 
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3OS 
3O. 
35 
32O 
325 
330 
3351 
3 AOL 
345 
3SO1 
3.SS1 
360 
36S 
3701 
375 
380 
38S 
390 
3951 
4 OOL 
405 
40 
Al5. 
420.1 
4.25 
430 
435 
440 
445 
450 
455. 
4601 
4651. 
470 
475 
480. 
485 
490. 
49S 
500 
SOS 
SO 
5S 
S2O 
525 
530 
53S 
540 
5451. 
SSO 
5551 
560 
5651 
57O. 
575. 
58O 
S8S 
590 
595 

6001 
6OS 
610 
615 

AAAAATAAG 
CTGCAATTTT 
ATIGCTAAAT 
AGCCGACA 
TTTATTCAGA 
AAATCAGTTC 
TACATGGAG 

ATTATTAC 
AGAACAGC 

AGAAATGGAA 
TTAACGGCA 
ACCAAGGG 
AGCAATTCTA 
TATAGOAAA 
CTACGAGGG 
TTGTGGTTCG 
AATTACTAT 
GATGCGGCG 
AACTGTAGTA 
TGGAGGGGG 
CCAGAACAAA 
CAGAGCCAAA 
TAGATATAGA 
GATAAA 
AACCCAA 
TAAGAAAG 
ACAGAAGGAT 
ATAGAGAT 
CAGAAATTAA 
CAACAAAGCG 

TGTGTCTTGG 
gTTTAATCAC 
CCT6AAGACA 
AAACCTGATA 
AAGAAATAGA 
TTTCTATTTC 
cATTeTTGTT 
CTTCTCCAGC 
GAGCATCCCG 
AGATTTAGGA 
ACCGCGCGC 
CCCAAAAG 
AATTCGG 
TAGAACATGG 
GCTCTCAAC 
CCAAATTAAA 
TAGAAGAATG 
GGCACTTAG 
CATGTTCTC 
CCCGAAOGA 
CTCATTGGTT 
AGATGCC 
CAACGGGG 
AGAAACA 

ACT CAATACT 
TAATGCTAT 
CAAAACTCT 
TTTAGAACAG 
TCCGCCAAAT 
GAAGTATCC 

CCACAGAA 
CCACAACAA 
CTCCTGCGGG 

TTTCATCOAG 
ATTTCAGCAA 
TTCAATTCT 
ACAAAAA 
ACAAGGTGAG 
AAAGTCAAGA 
GAGTGGATTA 
AAACCCGA 
AATTAGCTGA 
ACTTAAGCG 
ACCCCAATTA 
GAGTGGA 
GCTGAAGAAG 
AGAACCGTT 
AATTCCTGA 
GCTTTAGCTG 
TCCCCAAGGC 
GTGCTAAG 
GCAAATTTAC 
AACAGGCCA 
TTGAAACAC 
GAAAACA 
AAAAGCCCCC 
TTGCGCTAA 
AATGTCCGTT 
ACCGGAGCG 
GGGGTTATG 
ACAGAACA 
CATCACGAA 

TAATCATCGC 
CGCGAAATAA 
CCCATTCCAA 
TTAACCCCGA 
.ACACCAGAAA 
AGGCGAAATT 
TACTTCAGGC 
ACTCAAGGGT 
CCAACTTCC 
AACTAAA 
GAAAAATA 

GCGGGGC 
CAGATGGAAA 
GGACAGGCG 
CGCGTGccAir 
CTGAAATC 
GATGTTGATG 
CCGACGCAA 
ACGEA ACAAC 
GCdCCCAAGG 
TACCTTAGAT 
CGGCGGGACA 
ACCTATAC 
GCCGTGGAGC 
TAGCAGCCAA 
CAGAAAAAA 
TGATGGCAA 
TACCCCAAA 
TGGCAAATCA 
AGTGCGA 
CCCAACAAGG 
CTTCGCAATC 
CGCTTTTCGG 
AAATTTAG 

TAATGTGGA 
GAATCACG 
CAAGTCCCCA 
CAAAACA 
TTACTAGTAG 
AATTATCCGC 
CTTAGCATC 
GCCAAAAA 
AAAATGAC 
TAAGAA 
GGTCAAATT 
TITIATCGT 
GAAAAAC 
ATATCTTCAT 
TTACCITGOA 
CGGAAGCG 
GATTGAAG 
GATGAATGAA 
CAACAAATCG 
AGACCGCAG 
ATTTACCGAT 
GAAAICC 
ATTCTCAAG 
CGTCCITCA 
CTTTACTAGO 
CGTCCTGGG 
CAGOAAGA 
GGCAAAACCT 
COAACCAATO 

CAAAAGCAGC 
TCTIGCTGA 
CAGCGAGGAA 
AACCCCGAC 

CCCGTGAAAT 
TATCAAGCTG 
ATTATTACAA 
cTGTAccAGc 
AAGGAA 

TAGAGCGA 
TAGAGAAA 
OeAACAACGC 
CATCAA TTC 
GAAGG 
TAGATG 
AGCAAGCG 
CACAGAIGC 
ATCCGTTGC 
AACTGCGA 
TGAAAGGAAC 
TCTTGTTT 
AGCTAATGCT 
GOAGCACA 
GAAACGGG 

AGGTTATGAT 
TTCTGTTTAA 
CGTTTTCCAT 
CAAACCAAA 
TACCTGTAAA 
GTTTGCACG 
CTTTTTGAC 
TCGCAAAC 

TTTCCCAATG 

TGGGTTTT 
AACTTAGT 
GGTGCAGG 
TATTACTCT 
CAATTACAGG 
CATCAAATCC 
ATTGTTACCT 
CTCTAGTTCA 
CAATATGAAC 
AGGGAAGG 
ACCAGAAGA 
CCTTTATGT 
CAGOAAAAA 
CCAA ACC 
GAAAAA 
CCGCCAAATT 
CGATCGCATC 
CTAGTCGCAG 
ACAGACGC 
CAATTTTACC 
ATTTCTTCTA 
CCATAAA 
GATTCACC 
GCCACAGOAG 
TCCAATGCC 
AGATAAC 

CCGCACCGCA 
ACCGCCAAG 
CAAAGACACG 
CTTCCTTCTC 
CACTAACGGA 
TTACTTGTTC 
GATTACCTAT 
CACACCC 
AGAAACA 

CAAGAAAACC 
AAAAGAAATC 
TGGCTTTAAG 
GATTAGAC 
COAAACAAC 
CGTCCGCG 
CGOAACAF 
AGCCACGCC 

GCAGTCGCAG 
CAACCAA 

CGAGAAACTG 
GAGGAA 

CTGACACCAG 
TTGGCTACTG 
GTAACCTC. 
GCGGCTGCGA 
CAAACCA 
CAGOAGCGA 
GCGACGCAC 
TCAAATGTA 
ACAAATCA 
TCCAAACG 
ACAGCGTCG 
AAGGAC 

AGGGGAGG 
AGAAA 
TGGAAACTT 

CAGGCGACG 
CCCAGCCGC 
TCATCAGTGC 
AAATGAA 
ATTTGAACTT 
AACCACAATC 
GATGGAGAG 
ACCCCAGCAA 
GCTTGCTGA 
TAAAAGAGC 

ACAGATTGCT 
CGCGGGTTT 
GATGGATGG 
AACAACAA 
GAAGAACG 
GAGCCATAG 
TGTATATTCT 
CCACAATAA 
ACCTCGAAA 
ACATTACC 
GCTTTTTAAC 
TATCAAAC 
TAGTATTT 
AAAATGA 
ATACTCATAC 
CTGGGA 
ATGGTTATCC 
CATCAATTTA 
GAACCAA 
TAGOACCO 
ATTGCTCGCA 
CCTCATCTCC 
CACTATTACA 
TGGTCATTAC 
TTGAGACG 
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CCCCCGCGCT 
ACAACCTTAA 
CTTAGCTA 
CCAGCACA 
ACCCAAGAAA 

TGG AGAG 
GCTTTTATCT 
OGAGGAGA 
TGGTGCAAAA 
ACGAAGAA 
CACGCCCTAC 
cCACATCGCT 
AACGTCAA 
CACAACAA 
IGCTGTGTCG 
ATGCCTTTGA 
GCTACAGTCA 
TCGCAATGTC 
CAGAAGC 
CGGCTGGTG 
AAGCTTAT 
CATCCAATC 
GATTACA 
AOAACCA 
ATCTCTCAC 
GCTCTCTAC 
AGCAGAAT 

TACCTCTGAG GGCAAACTC CTGTACAACA Fig. 24B 
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ACTAATACAA 
AACCGCAACA 
TTCCTGGCG 
GGGGAAAGAT 
CATGGTATCA 
GGAGCAC 
TGTCCCCCGC 
AAACAACTG 
CGCAACACTC 
COAGTTGAGT 
CTTCTCTGAG 
GGACCACAA 
ACATCAGCT 
CAGGGGG 
CGCGCCOATA 
GCAATGG 

GGTTGAGTCA 
AGACAGCCG 
TGGGATGC 
TOAACCCAGA 
TAGGCGATC 
TCTCCAAAA 
ATTAGAAGG 
CACAACAC 
CCGTTTTGAT 
ACTGGCACC 
TTTAGGGTA 
TCCACAGCCA 
CCAAAAAC 
GAATCGGA 
TATTCCGG 
AAAAAGCACT 

ACTCCAATTA 
ACAAGGTTCf. 
cCGTCTTTAA 
TTAGGAAAGT 
GCTAGAACAG 
cACTTGcGAA 
GGACACAGTA 
TTAGAAGA 
AACACCCCA 
GTAGCCGAC 
TAAGGGCA 
AGAGAAAC 
TCTCAGCT. 

TAAGATGTTA 
GTAATGOAC 
TGGCTGCGCC 
GTTAATGAC 
TGTATTAGG 
CACCCAGCA 
TAGCAACA 
TAAGCAAG 
CGTTATTGGT 
ACTGCATCCT 
TGTTGAAGG 
AAGGTATTG 
TTTAGTAGCT 
ATGTTGCTAT 
CAACTGATTT 
TAGTAGTGAT 
TAACGTAA 

AAGGATGAAA 

GAAGTTCCCC 
GGAAGAAGAT 
GGCGAATGA 
GCAGTCAGAG 
TCCCGATCCA 
TAGAGCAAAT 
GAAGCAGTCG 
GCAAGCCA 
AAACAGGGGT 
TACGOACCAG 
TGTAGCIGCC 
GACAGTTGA 

TGCAATGCIT 
GAATATAATT 
TGOTTGCACC 
ATGGTACGGG 
AGCCGTAAA 
TAAATCACGA 
CAAGAAAAAT 
GCAAATAGAT 
CGAGAA 
CGACCTTAA 
AGCAGCCGGA 
ACAAAAICC 
TGGAGTTCTc 
AGCCAACGA 

CTAATGCTCA 
TCTGAGCAGA 
TCCAAAGAA 
ATCGCAGA 
CATCGATTGT 
TGCTGATTTC 
CATCAGAAAC 
CAATATTCAG 
AAATACTCTG 
CGCTCTTAGG 
ACTCAAATCA 
ATTATGGCAA 
TGGTGAAA 
.GCTGCAG 
AAGGAGCA 

ATCTGACTCC 
ATAAGTA 
AATGGAG 
TTCATTCTCC 
CAGCAAGTTT 
AGGTAAACCA 
ATCCGGAA 
AGTGGTTArc 
TATGGCGCGG 
TTGTACCTGG 
CTTGTA 
CCAGCGGGT 
TATCAAATCC 
TTTATTCATG 

AGAGATAAGT 
GAAAAACT 
AGTCGGCAAA 

TCATCAGGGG 
TTAAGTCTAA 
CAGOAAAAG 
GAAAGACA 
GAAGGGAATC 

AAATCCAAAT 
CCAATTGTGA 
TTTGGAATCA 
AAATCCCAG 
GATACACCAG 
AGATCAATTF 
CCATCGATCC 
GAATCGCTG 
TTTTGTGGGG 
AAGCAATTAA 
GGTCGTATT 
TACTGCTGT 
TGCGTAATGG 
TTAACTCCGG 
TGAGGACGT 
GCGAAGGCG 
AGGGCGAC 
TGGATCAAGT 
TATTACACA 
TAGAAG 

AGAAAGTATG 
TTATTGGTTC 
ATTGCTGGGT 
TCCCCATCTT 
AGAGA 
GAACGCATEG 
TATTATTGTT 
AATTTTACCT 
AGAAAAA 

TACTTGTTTT 
GTGTCTGGC 
CAAAAAGGG 
TCAAACAAAA 
GGATGGGACA 
GAACTTGIG 
TTTAATTTT 
CACAACCAGC 
TCTGGGGAA 

TGTCGCCGCT 
TAGTTGTCA 
ATGGCAGCAA 
CAGOAAA 

TTTCTGGCTT 
CAAGGAA 
TAAGGAG 

CTTTCCATGA 
ATTGGCAAAG 
ACTGTACA 
GCCATTTTT 
cTAAATTCTC 
ACAAGATGAA 
ATGGTATTC 
CTTTTACCA 
ACAATTTT 
AGGTTAAAAA 
TCTGAGTATC 
GTTTCCGGCT 
TATTTACTGA 
TTAGTTTTAT 
GAAGTCGTCT 
ATAGTTGGGT 

GAAAAAA 
TTGTAGGGA 
TCTGGCAAC 
CGATCGCTGG 
GAAAAATCTA 
GAGCCGAA 
CAGCAACGC 

GGCAAAACCC 
GCGATGACTC 
CGCC ATACT 
CGTATTGACT 
TCTTCTTCTT 
GAGGGAC 
TAATTTCCTT 
GCAAGACT 
CGGGAGAT 
ACATTTTAGC 
AGGGTTGA 
AGCATAAAG 
CTCATGGAC 
GCGCGGA 
TGOAAAAC 
TAATAAAAC 
CACTTTCAAC 
AGCCAGA 

CTGGAGTAAG 
GGAGAAATTG 
CCTGCCGCTT 
ATACAAA 
ACTGCOAGA 
GACCAAA 
AAGAOGA 
GTAGTTTTcc 
AACTCTTTAc 
ACAACAC 
CAATTGCAAA 
CCTGTTTCA 
ACAACCGC 

TGTTTAGCAG 
ACGCGGCGC 
TTATGCGA 
CAAGAAAA 
GAGGAAA 
AAACTAGACG 
CCAAICCTTG 

ACCAAGCCTG 
AAATTGCTAC 
TTTGGTCAAG 
GGAGTTAGGA 
AAAGCAAAGA 
CAAGCCCAGA 
TAAGAAGG 
CTTATCCGTT 
GTAAGTGATA 
GCTAGCTACA 
CAGATTACT 
ACGGGTTTCA 
GATGGCG 
CTCAATCTCA 
GGCAAGT 
ACTTCATGT 

GAAAAGCTCA CACACAGACG 
TGTAGATCTA GGCAGATTTT 

ACCCCCGAAA 
GGCTTGTCGA 
TTTTAGAACA 
GATATGOAAG 
TTCTCCTAC 
TCTTGGCAT 
CTACTATTAG 
CCAAAAGTTA 
AAGACAGC 
GGTTCTGGCA 
GGGCACAG 
TAGAGCAG 
ATTGCCTTAG 
AATTGAAAG 
TTGATGCGAG 
GTTCTCAAGC 
TAAAGTCAT. 
CGTACCTAA 
GCGGCGAAAC 
TGGGACAGC 

GGOAAACG 
AAAGGAC 
GTTTTAGCC 
AACCOAACCO 
CATGGAAAAA 
TICTTTTGGA 
CATCAATTC 
TCGGCTCGTT 
CGCTAAA 
CAGGAAGGGC 
ACACAGCCG 
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AAAA 

TATTTTCAGG 
AACCAAGAAC 
GcAACCTATT 
ATAGTGAACA 
CTGGAATACG 
TGCCCTTA 
GAGTRCTIC 
TTGATGGGAG 

ACAAACA 
GCCGOAGA 

GGAAAAC 
TTTGGCAGTA 
AGATTGC 
AAAAA 
GCCGATTAT 
GATTAAATT 
CCAAAGCCG 
AATATATGG 
GTACAGAAG 
ACACAGGA 
CAACGAGAA 

TTAAGACTAA 
GGAGAAAA 
GGAAGGACAC 
GAAACGAT 

AATTCAAA 
AACAAATG 
TTGAGATAT, 
ACGGGTGAGA 
CAGAGACGCA 
ATGAGTTTTA Fig. 24C 
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TGAGCAGATG 
'TCAGGTATTT 
TTGGTAGATC 
ACAAAGTATT 
TACCTTATGG 
GCTTGGACGC 
AGATGAGAG 
ACTTAACAGC 
GAAACTGAAA 
AGTTCAACT 
GOCTAGOAC 
GAAAGAGTA 
AGAAAGTTTT 

GGAATTAGC 
TAGCAGTAGT 
GGCGAAG 
GGCGCGGCT 
TTTCTCTTCT 
ACATGAGAT 
GTTTATGATG 
ACGGCGGATT 
ATAATGT 
ATACAGGAA 
AGCTTGA 
TTAC GTAGA 
GTCATCAATC 
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ATGGTCAGCG 
TCTCAGGCA 
TTTGOATCCT 
TCCCAGAAA 
CAGAAAT 
AAATCOAG 
AGCAAGAACA 
AATCOAGOAG 
TTACCAGGTG 
ACTCTCAACA 
CAGTCGATTA 
ACTTAGTGAT 
CATCCGGAA 

TTCAGGCT 
AAATTAGA 
GTGCTTAG 
TCACGGTCAG 
TTGGCAATCC 
ATTGATGGG 
GCTTGCGCT 
TTACAACG 
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ATTCAAGAAc 
CGATCGCAG 
ATGCTTGT 
GAATTGOA . 
TGGACCAA 
AAACGG 

CGGTTTACAG. 
TAGGCAA 

CAAGGOAAA AGCTTGAC 

TTCATGGTTA GTGTTTGTAC 
ATAT, GCA AAAAGCTGGA 
GATTATAAAC 
ACTGATTT 

ATCAAGAAGC 
TGGGAAACTG 
TAATGCGA 
TACCTGATTT 
ACTTATTGC 
TAATCATGAA 
TTGTAGAATC 
GGCAGTGAG 
GTTAGTATCT 
AAGAGGGAGC 
ATGGCTCAG 
TCGCCATGTC 
GTACACAGAT 
GAACAGCTAT 
CATCACGCG 
GGGAAAAAA 
TTAGACCGCT 
RCGCTGCT 

CTAAGCTT 
COAGGTATTA 
AAAACAACG 
CTATCAAATA 
ATTCTTGATA 
ACCATCTTT 
AATTATAGA 
TATCGCAAG 
TAGTAGTGTG 
cGTTAATGGT 
ACTTACCA 
CATIATTTG 
AATCAAATGA 
GATGAGGG 
TGGTGATTAA. 

ATATCCATCG GGTGAATTC CACGGGTGT 
TACOTAATGA 
TTGTATTTAA 
ATGGTTAGA 
AACCGGAACA 
TATCCCCAAA 
TCATGAAGCT 
CACGCCAGC 
GCAACAATTC 
TTATTTAATT 
GGTTACACA 
AAATCCAAC 
TACAATTGTC 
TCTCCCGTTT 
GCAGCGTCC 
TCAAAAGT 
ACACCCGCAA 
GAATTCTAG 
TATGGATGCir 
GTATCAAGG 
TTTGCTAATT 
TCTCAGTGAC 
TTgaTTGGTC. 
GCCGAAGTAA 
ACGATTAAAG 
GAATGAGCA 
ATTCCTCACC 
ACTAGAATT 
CATCTATAAT 
CAGAAAGAAG 

ATCTAGTGAG 
CTATACTAC 

AGCAAGGCA 
TCAAACTA 

ACTCGTGGTG 
ATCTCCGCTT 
TTCGTTGTGT 
GAATG 
TTTACGCCGA 
CCGCAGCCCA 
ACAGGTGGTT 
AAGGGAC 
CAGAAGCGA 
AAGCGAA 
TGGCGCGGA 
TTGATGATGG 
AGCGTCCCA 
TCTATCTTA 
GTTCACCGGG 
TTAATACAGC 
GGGCGCATGG 
GGGGTATTCA 
TTAATTCTCA 
TACTTAA 
TACAACAA 
TCTGTATCTA 
AAACGC 
ACACCTCATT 
AAAAATCGGC 
CTTTGATTA 
GAGCAGA 
A GOAAC 

TAATCAAAAG 

GAACAGT 
TACTAGAAT 
CGAA CGAG 
GGGGATAG 

ATGTTTAGAT 
CAACGAA 

GGAAACCG 
AAAACAGCAA 
TGGGAAACT 
AGCCATTTGG 
CGCCTCATA 
TACCTCAGC 
TTACCCCCCT 
GCTTTTAAcr. 
AAGGGAAGG 
GACTTTTTCA 
AgAAAGTAGT 
AACGACAAAG 
GATACAGGGA 
-CAGTATGCC 

GCGACGTTGA 
CAAGCTTTTA 
AGCAGATAGC 
TAGATGAGCG 
GAAG ACCG 

AGAGG 
GOAAAGAA 
CCTAATATTG 
TTCTGGAT 

CTTATGAAAG 
TTAGCGGAGC 

GTCATTCTCT 
CAACGTA 
GATTTTTGCT 
ACAAGAGTTG 
AGAAAAAA 
TTATCGAA 

GAGCAGTAAT 
TTACCAGCAA 
TCATACATCA 
AGGAGCAAG 

TTAGTTAGCA 
TGGCTTGCTC 
TTTGTGTAG 
ACAAAAAG 
CGCAGA ACG. 
TACGCGGAG 
AACAAAA 
CACAFA 
TAGCCTTC 
TACGCTGCTG 
TTTAGGATTA 
AAAAAGA 
TCTGATACCG 
TCAAGGAATT 
ACAAATCA 
AAAGAGGCAA 
AGCAGAAAA 
GAATCGC 
GGAAAC 
TAGOG. 

CGAGTCTCAA 
GAGAAA 

TCTCAAGAA. 
TTGAAGAATA 

Fig. 24D 
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Fig. 25B 
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New cyanobacterial 16S rDNA 
Sequences belonging to Snowella spp. 

Fig. 25C 
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Fig. 31 
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Table 3: Clones of 16S rRNA gene libraries obtained from environmental samples and used in 
the LDR reaction. 
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Fig. 38A 
>Anabaena 90 moy D SEQID NO 131 
CTCCAAAATCGACCTTTAATTATTGGTTCTGTCaAAACTAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATTGCTGGGTTAATAAAACTGTTTTAGCCC" 
TACAACATCACAAAATTCCTCCCCATCTTCACTTTCAAcAACCCAACCCC 
CGTTTTGATTGGAGTTCTCAGATTTTTGAAGTTCCAGTACATGGAAAAAA 
CTGGCATCCTAGCCAACGAGAACGCATTGCTGGAGTAAGTTCTTTTGGAT 
TTAGTGGTACTAATGCTCAATTATTGTTGGAGAAATTGCATCTAATTCT 
CCACAGCCATCTGAGCAGAAATTTTACCTCCTGccGCTTTCGGCTCGTTC 
TCAAAAATCTCTCAAAGAATTAGCAAAAAATTATCAATACGCTTTAAATG 
AATCTGTGAATTTCGCAGATACTTGTTTTACTGCCAGTACAGGAAGGGCT 
ATTTTCCGGCATCGATTGTGTGTCTTGGCTGACTCAAATACTACAGCCGA 
AAAAGCACTTGCTGATTTCCAAAAAGGTGAAGATTCTGATAATTTAATTA 
CTCCAATTACATCAGAAACTCAAACAAAAGTAGTTTTCCTATTTTCAGGA 
CAAGGTTCTCAATATTCAGGGATGGGACAAACTCTTTACAACCAAGAAcc 
CGTCTTTAAAAATACTCTGGAACTTTGTGACAAcATTCTGCAAccTATTT 
TAGGAAAGTCGCTCTTAGGTTTAATTTTTCAATTGCAAAATAGTGAACAG 
CAGAACAGACTCAAATCACACAACCAGCCCG 
>Anabaena sp. 202A1/35 SEQID NO 132 
CTCCAAAATCGACCTTTAATTATTGGTTCrgTCAAAACTAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATTGCTGGGTTAATTAAAACTGTTTTAGCCC 
TACAACATCACAAAATTCCTCCCCATCTTCACTTTCAACAACCCAACCCC 
CGTTTTGATTGGAGTTCTCAGATTTTTGAAGTTccAGTACATGGAAAAAA 
CTGGCATCCTAGCCAAcGAGAACGCATTGCTGGAGTAAGTTCTTTTGGAT 
TTAGTGGTACTAATGCTCATATTATTGTTGGAGAAATTGCATCTAATTCT 
CCACAGCCATCTGAGCAGAAATTTTACCTCCTGCCGCTTTCGGCTCGTTC 
TCAAAAATCTCTCAAAGAATTAGCAAAAAATTATCAATACGCTTTAAATG 
AATCTGTGAATTTCGCAGATACTTGTTTTACTGccAGTACAGGAAGGGCT 
ArrTCCGGCATCGATTGTGTGTCTTGGCTGACTCAAATACTACAGCCGA 
AAAAGCACTTGCTGATTTCCAAAAAGGTGAAGATTCTGATAATTTAATTA 
CTCCAATTACATCAGAAACTCAAACAAAAGTAGTTTTgcTATTTTCAGGA 
CAAGGTTCTCAATATTCAGGGATGGGACAAACTCTTTACAAccAAGAAcc 
CGTCTTTAAAAATACTCTGGAACTTTGTGACAAcATTCTGCAAccTATTT 
TAGGAAAGTCGCTCTTAGATTTAATTTTTCAATTGcAAAATAGTGAAdAG 
CTAGAACAGACTCAAATCACACAACCAGCCCTGT 
>Anabaena sp. 66A . . SEQID No 133 
CCCCAAAATCAACCTTTAATTATTGGTTCTGTCAAAACTAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATTGCTGGGTTAATAAAACTGTTTTAGCCC 

. TACAACATCACAAAATTCCT.cccCATCTTCACTTTeAACAAccCAAcTCC 
CATTTTGATTGGAGTTCTCAGATTTTTGAAGTTCCAGTACATGGAAAAAA 
CTGGCATCCTAGCCAACGAGAACGCATTGCTGGAGAAGTTCTTTTGGAT 
TTAGTGGTCCTAATGCTCATATTATTGTTGGAGAAATTGdATCTAATTCT 
cCACAGCCATCTGAGCAGAAATTTTAccTCCTGCCGGTTTCGGCTCGrc 
TCAAAAATCTCTCAAAGAATTAGCAAAAAATTATCAATACGCTTTAAATG 
AATCTGTGAATTTCGCAGATACTTGTTTTACTGCCAGTACAGGAAGGGCT 
GTTTTCCAGCATCGATTGTGTGTCTTAGCTGACTCAAATACTACAGCCGA 
AAAAGCACTTGCTGATTTCCAAAAAGGTGAAGATTCTGATAATTTAATTA 
CTCCAATTACATCAGAAACTCAAACAAAAGTAGTTTTCCTATTTTCAGGA 
CAAGGTTCfCAATATTCAGGGATGGGACAAAcreTTTACAAccAAGAAcc 
CGTCTTTAAAAATACTCTGGAACTTTGTGACAACATTCTGCAAccTATT 
TAGGAAAGTCGCTCTTAGATTTAATTTTTCAATTGcAAAATAGTGAACAG 
CTAGAACAGACTCAAATCACACAACCAGCCCTGT m 
>Anabaena lemmermannii 202A2 SEQD NO 134 
CTCCAAAATCGACCTTTAATTATTGGTTCTGTCAAAACAATTAGGACA 
TTTAGAAGGAGCAGCCGGAATTGCTGGGTTAATTAAAACTGTTTTAGCCC 
TACAACATCACAAAATTCCTccCCATCTTCACTTTcAACAAccCAAcccc 
CGTTTTGATTGGAGTTCTCAGATTTTTGAAGTTCCAGTAcATGGAAAAAA 
CTGGCATCCTAGCCAACGAGAACGCATTGCTGGAGTAAGTTCTTTTGGAT 
TTAGTGGTACTAATGCTCATATTATTGTTGGAGAAATTGCATCAATTCT 
CCACAGCCATCTGAGCAGAAATTACCCCTGCCGCTCGGCTCGTTC. 
TCAAAAATCTCTCAAAGAATTAGOAAAAAATTACAATACGCTTAAATG 
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AATCTGTGAATTTCGCAGATACTTGTTTTACTGCCAGTACAGGAAGGGCT 
ATTTTCCGGCATCGATTGTGTGTCTTGGCTGACTCAAATACTACAGCCGA 
AAAAGCACTTGCTGATTTCCAAAAAGGTGAAGATTCTGATAATTTAATTA 
CTCCAATTACATCAGAAACCAAACAAAAGTAGTTTCCTATTCAGGA 
cAAGGTTCTCAATATTCAGGGATGGGACAAACTCTTTACAACCAAGAAcc 
CGTCTTTAAAAATACTCTGGAACTTTGTGACAACATTCTGCAACCTATTT 
TAGGAAAGTCGCTCTTAGATTTAATTTTTCAATTGcAAAATAGTGAACAG 
CAGAACAGACTCAAATCACACAACCAGCCCG 
>Anabaena sp. 299 SEQD NO 135 
CTCCAAAATCGACCTTAATTATTGGTTCGTCAAAACTAATTAGGACA 
TTTAGAAGGAGCAGCCGGAATTGCTGGGTTAATTAAAACTGTTTTAGCCC 
TACAACATCACAAAATTCCTCCCCATCTTCACTCAACAACCCAACCCC 
CGTTTTGATTGGAGTTCTCAGATTTTTGAAGTTCCAGTACATGGAAAAAA 
CTGGCATCCTAGCCAACGAGAACGCATTGCTGGAGTAAGTTCTTTTGGAT 
TTAGTGGTACTAATGCTCATATTATTGTTGGAGAAATTGCATCTAATTCT 
CCACAGCCATCTGAGCAGAAATTTTACCCCTGCCGCTTTCGGCTCGTTC 
TCAAAAATCTCCAAAGAATTAGCAAAAAATTATCAATACGCTTTAAAIG 
AATCTGTGAATTCGCAGAACTTGTTTACTGCCAGTACAGGAAGGGCT 
ATTTTCCGGCATCGATTGTGTGTCTTGGCTGACTCAAATACTACAGCCGA 
AAAAGCACTTGCTGATTTCCAAAAAGGTGAAGATTCTGATAATTTAATTA 
CTCCAATTACATCAGAAACTCAAACAAAAGTAGTTTTCCTATTTTCAGGA 
CAAGGTTCTCAATATTCAGGGATGGGACAAACTCTTACAACCAAGAACC 
CGTCTTAAAAAACTCTGGAACTTGTGACAACATCTGOAACCTAT 
TAGGAAAGTCGCTCTTAGGTTTAATTTTTCAATTGCAAAATAGTGAACAG 
CTAGAACAGACTCAAATCACACAACCAGCCCTGT . 
>Nostoc sp. l52 SEQID NO 136 
CCCCAAAATCGCCCTTAATTATTGGTTCTGTCAAAACAATAGGGCA 
TTTAGAAGGAGCAGCCGGAATGCTGGGTTAATCAAAACIGAGCC 
TGCAACATCATAAAATTCCTCCGCATCTTCATTTTGAAAAACCCAATCCC 
CGTTTTGATGGGAGTTCTCATATTTTTGAAGTTCCAGTACATGGTAAAAA 
CTGGCATCCTAGCGAACGAGAAAGAATTGCGGGTGTGAGTTCCTTCGGAT 
TTAGTGGTACGAATGCCCATGTATTGTGGGAGAAATTGCATCTAATTTT 
TCACAACAATCTGAGCATCAGCTTTACCTTTTGCCTCTTTCGGCTCGTTC 
TGAAAAGTCCCTCAAAGAGTTAGCCAAAAATTATCAATCTGCTTTAAATG 
AATCTGTAAATTTAGCCGATGCTTGTTTTACCGCTAGTACAGGAAGGGCT AATTTTCGGCATCGATTGTGTATTCTAGCTGACTCAATCAccAfaGCAGA 
GAAAGCGCTTACTGATTTCCAGAAAGGTGAGGATTCTGAGCATATAATTA 
CGCAAATTGCATCAGAAACTCAACCAAATATAGCTTTACTATTCTCAGGA 
CAAGGTTCTCAATATTCCGGGATGGGACAAACTCTTACAACAAAGAACC 
TGTCTTTAAAAATACTCTAGATATTTGTGAccAAATCTTGcAAccraTTT. 
TAGGAGCATCGCTATTAGATTTAATCTTTGAAGTGTCGAATAGCGATTTG 
CTCGAACAAACTCAAATACACAGCCAGCGCTCir 
>Nodularia sp. F81 SEQID No 137 
cCCCAAAATCGACCTTTAAiAATNGGTTCCGTcAAAAccAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATAGCTGGGTTAATCAAAACTGTTTTAGCCT 
TGcAAAAGCATCAAATTCCT.cccCATCTCCACTTTCASCAACCAAACCCC 
CGTTTTGATTGGAGTACCGATATTTTTGAAGTCCCAGTCCATGGAAAAAA 
TGGGTATCCTAGCCAGCGAGAACGCATTGccGGCGTGAGTTCTTTGGGAT 
TTAGGGGTACTAATGCCCATATTATGGTCGGAGAAGTTGCCCGAAATTCT 
CCCCAACCATCAGAGCCAAAATTACTTACTACCCTTTTCCGCTCGTTC . 
CGTAACATCTCTGCAACAGTTAGCTAAAAATTATCAGTCCGCCTTGAATG 
ACTCTGTAATAAGCAGATGCTGGTTTACTATCAGOACAGGTAGGGC 
ATTTTCCCCCATCGATTATGTATTCTCGCCGACTCCATTTCCACAGCCCA 
AAAAGCCCTGGCTGACTCCAAACAGGGAAGATTCACACAATAAAA 
CACAAATTAGCTCAGAAACTCAGCCCAAGACGCCTTCTCTTCACGGA 
CAGGGTTCTCAAATACCGGCATGGGAGAAACGCTACAACCAAGAACC 
AGTCTTTAGAAATACTCTAGATATTGTGACCAAATCCTCCAACCAATTT 
TAGGAACATCACTATTAGATTTAATCTGGCAATTGCCAAATAGCGAATTA 
CTGGCACAAACGCAAATCACACAGCCAGCCCA 
>Nodularia spumigena HEM SEQID NO 138 
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CCCCAAAATCGACCTTAATAATNGGTTCCGTCAAAACCAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATAGCTGGGTTAATGAAAACTGTTTTAGCCT 
TGCAAAAGCATCAAATTCCTCCCCATCTCCACTTTCAGCAACCAAACCCC 
CGTTTGGATGGGAGTACCGATATTTTGGAAGTCCCAGTACATGGAAAAAA 
TGGGTATCCTAGCCAGCGAGAACGCATGGCCGGCGTGAGTTCTTTGGGAT 
TTAGGGGTACTAATGCCCATATTATGGTCGGAGAAGTTGCCCGAAATTCT 
CCCCAACCATCAGAGCCAAAATTTACTTACTACCCTTTTCCGCTCGTTC 
CGTAACATCTTTGCAACAGTTAGCTAAAAATTATCAGTCCGCCTTGAATG 
ACTCTGTAATAAGCAGATGCTGGTTTACTATCAGCACAGGTAGGGC 

- ATTTTCCCCCATCGATTATGTATTCTCGCCGACTCCATTTCCACAGCCAA 
AAAAGCCCTGGCTGACTTCCAAACAGGTGAAGATTCAGACAATTTAATTA 
CACAAATTAGCTCAGAACCTCAGCCCAAGATCGCCTTTCTCTTCACTGGA 
CAAGGTTCTCAATATACCGGCATGGGAGAAACGCTTTACAACCAAGAACC 
AGTCTTTAGAAATACTCTAGATATTGTGACCAAATCCTCCAACCAATT 
TAGGAACATCACTATTAGATTTAATCTGGCAATTGCCAAATAGCGAATTA 
CGGCACAAACGCAAACACACAGCCAGCCCTAT , -- 

>Nodularia spumigena BY1 SEQID NO 139 
CCCCAAAATCGACCTTTAATAATNGGTTCCGTCAAAACCAATTTAGGACA 
TTTAGAAGGAGCAGCCGGAATAGCTGGGTTAATCAAAACTGTTTTAGCCT 
TGCAAAAGCATAAAATTCCTCCCCATCTCCACTTTCAGCAACCAAACCCC 
CGTTTTGATGGGAGCCCCGATATTTTGGAAGTCCCAGCCAGGAAAAAA 
TGGGTATCCTAGCCAGCGAGAACGCATGGCCGGCGGAGTTCTTGGGAT 
TAGGGGTACTAAGCCCATATTAGGTCGGAGAAGTTGCCCGAATTC 
CCCCAACCATCAGAGCCAAAATTTTACTTACTACCCTTTTCCGTCGTC 
CGTAACATCTTTGCAACAGTTAGCTAAAAATTATCAGTCCGCCTTGAATG 
ACTCTGTTAATTAAGCAGATGCTGGTTT ACTATCAGCACAGGTAGGGCT 
ATTTTCCCCCATCGATTATGTATTCTCGCCGACCCATTTCCACAGCCAA 
AAAAGCCCTGGCTGACTTCCAAACAGGTGAAGATTCAGACAATTTAATTA 
CACAAATTAGCTCAGAAACTCAGCCCAAGATCGCCTTTCTCTTCACTGGA 
CAAGGTTCTCAATATACCGGCATGGGAGAAACGGTTTACAACCAAGAACC 
AGTeTTTAGAAATACTCTAGATATTTGTGACCAAATCCTCCAACCAATTT TAGGAACATCACTATTAGATTAATCGGCAATTGcCAAATAGCGAATTA CTGGCACAAACGCAAATCACACAGCCAGCCCTAT 
>Microcystis aeruginosa PCC7941 SEQID NO 140 
TCCCCTAATCGGCCCTTAATTATTGGTTCAGTAAAAAcGAATTTAGGCCA TTTAGAAGGTGCTGCTGGAATTGccGGATTAATTAAAACCGTTCfAGcGT 
TACAAcACCATAAAATACCTCCTCATCTTCACTTTAAAAATCCTAATCCc 
CGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
TGGAAATCAGCGAACGTCCAAGGATGCTGGAGAAGTCCCTTGGAT 
TTAGTGGAACGAATGCTCATArcATTGTTGGGGAAATTGATGCTGATTTA 
ccTCAAGCTTCGGAGAATAATTTTTATCTATTAccCCTTTCGGCTCGTTC 
TGAACAATCCCTGCAAGAGTTAGCGAGAAGCTATCAAGATATTTTGACTG 
AGTCTATCAATTTAGCTGATGTTTGTTTTAccACCAGTACAGGGcGGGGG : ATTTTTCCGCAAcgAATCTGTATTTTAGCAGACTCAATAACGACGGCACA 
ACGAGCATTAATTGATTACCAAGATGGTGAAGATTCTGACTCATTAATCC GACCGATTTTATCAGAGACTccGccAAAGATGGGTTTCCTCTTTTCTGGA 
CAAGGCTCTCAATATTCTGGCATGGGAGAAAcircTTTAirAACCGAGAAGT 
TGTTTTTAAGGAAACATTAGArcTTTGTGATCAAATTTTAGAACCCCTTT TAGAAAAATCTCTCCTAGATT'TAATCTTTCAAGAGCAAAATAGCCAGTTA 
TTAGAGGAAACCCAAATCACTCAGCCGGTGATTT 
>Microcystis aeruginosa NIES 89 SEQLD NO 141 
TCCCCTAATCGGCCTTTAATTATTGGTTCAGTAAAAACGAATTTAGGCCA 
TTTAGAAGGTGCTGCTGGAATTGCCGGATTAATAAAACCGTTCTAGCGT 
TACAACACCATAAAATACCTCCTCATCTTCACTTTAAAAATCCTAATCCC 
CGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
TTGGTATATCAGCGAACGTTCAAGGATTGCTGGAGTAAGTTCCTTTGGAT 
TTAGTGGAACGAATGCTCATATCATTGTTGGGGAAATTGACGCTGATTTA 
cCTCAACCTTCGGAGAATAATTTTTATCTATTAccCCTTTCGGCTCGTTC 
TGAAAAATCGCTGCAAGAGTTAGCGAGAAGTTACAAGATATTTTGACTG 
AGTCTATCAATTTAGCTGATGTGTTACGGCCAGTACAGGGCGGGGG 
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ATTTTTCCGCAACGAATCGTATTTTAGCAGACCAATAGCCACGGCACA 
ACGAGCATTAATTGATTACCAAGATGGTGAAGATTCTGACTCATTAATCC 
GACCGATTTTATCAGAGACTCCGCCAAAGATAGCTTTCCTCTTTTCTGGA 
CAAGGCTCTCAAATTCCGGCATGGGAGAAACTCTATAACCGAGAAGT 
TGTTTTTAAGGAAACATTAGATCTTTGTGACAAATTTAGAACCCCTTT 
TAGAAAA-TCTCTCCTAGATTAACTTTCAAGAGOAAAAAGCCAGA 
TTAGAGGAAACCCAAATCACTCAGCCGGTGATTT . 
>Microcystis viridis NIES102 SEQID NO 142 
TCCCCTAATCGGCCTTTAATTATTGGTTCAGTAAAAACGAATTAGGCCA 
TTTAGAAGGTGCTGCTGGAATTGCCGGATTAATAAAACCGTTCTAGCGT 
TACAACACCATAAAATACCTCCTCATCTTCACTTTAAAAATCCAAICCC 
CGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
TTGGGATATCAGCGAACGTTCAAGGATTGCTGGAGTAAGTTCCTTTGGAT 
TTAGTGGAACGAATGCTCATATCATTGTTGGGGAAATTGACGCTGATTTA 
cCTCAACCTTCGGAGAATAATTTTTATCTATTACCCCTTTCGGCTCGTTC 
TGAAAAATCGCTGCAAGAGTTAGCGAGAAGTTATCAAGATATTTTGACTG 
AGTCTATCAATTAGCTGATGTTTGTTTTACCGCCAGTACAGGGCGGGGG 
ATTTCCGCAACGAATCTGTATTTTAGOAGACTCAATAGCCACGGCACA 
ACGAGCATTAATTGATTACCAAGATGGTGAAGATTCTGACTCATTAATCC 
GAccGATTTTATCAGAGACTCCGccAAAGATAGCTTTCCTCTTTTCTGGA 
CAAGGCTCTCAATATCCGGCATGGGAGAAACCCTTATAACCGAGAAG 
TGTTTTCAAGGAAACATTAGATCTTGTGATCAAATTCTAGAACCCCTTT 
TAGAAAAATCTCTCTTAGATT'TAATCTTTCAAGAGCAAAATAGTGAGTTA 
TTAGAGGAAACCCAAATCACTCAGCCGGTGATTT 
>Microcystis sp. K139 SEQID NO 143 
TCCCCTAATCGGCCCTTAATTATTGGTTCAGTAAAAACGAATTTAGGCCA 
TTAGAAGGGCTGCCGGAAGCCGGATAATTAAAACCGTTCTAGCGT 

. TACAACACCATAAAATACCTCCTCATCTCACTTAAAAATCCTAATCCC 
cGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
TTGGGATATCAGCGAACGTCCAAGGATTGCTGGAGAAGCCGGA 
TTAGTGGAACGAATGCTCATATCATTGTTGGGGAAATTGATGCTGATTTG 
ccTCAAGCTTCGGAGAATAATTTTTATTATTAccCCTTTCGGCTCGTTC 
TGAACAATCCCTGCAAGAGTTAGCGAGAAGTTATCAAGATATTTTGACTG 
AGTCTATCAATTTAGCTGATGTTTGTTTTAccACCAGTACAGGGCGGGGG 
ATTTTTCCGCAAcGAATCTGTATTTTAGCAGaCTCAATAACCACGGCACA 
AcGAGCAFTAATTGATTACCAAGATGGTGAAAATTCTGACTCATTAATCC 
GACCGATTTTATCAGAGACTCCACAAAAGATAGCTTTCCTCTTTTCTGGA 
CAAGGCTCTCAATATTCCGGCATGGGAGAAACCCTTTATAACCGAGAAGT 
TGTTTTCAAGGAAACATTAGATCTTGTGATCAAATTTTAGAACCCCTTT 
TAGAAAAATCTCTCTTAGATTTAACTTCAAGAGOAAAATAGTGAGTA 
TTAGAGGAAACCCAAATCACTCAGCCGGTGATTT . . 
>Microcystis aeruginosa PCC7806 SEQD NO 144 
TccCCTAATCGGccCTTAATTATTGGTTCAGTAAAAACGAATTTAGGCCA. 
TTTAGAAGGTGCTGCCGGAATTGCCGGATTAATTAAAACCGTTCTAGCGT 
TACAACAccATAAAATAccrCCTCATCTTCACTTTAAAAATCCTAATCCC 
cGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
TTGGAATATCAGCGAACGTCCAAGGATTGCTGGAGTAAGTTCCTTTGGAT 
TTAGTGGAAcGAATGCTCATATCATTGTTGGGGAAATTGATGCTGATTTG 
cCTCAAGCTTCGGAGAATAATTTTTATCTATTAccCCTTTCGGCTCGTTC 
TGAACAATCCCTGCAAGAGTTAGCCAGAAGCTATCAAGATATTTTGACTG 
AGTCATCAATTAGCGATGTTTGTTTACCACCAGTACAGGGCGGGGG 
ATTTTTCCGCAACGAATCTGTATTTTAGCAGACTCAATAACGACGGCACA 
ACGAGCATTAATTGATTACCAAGATGGTGAAGATTCTGACTCATTAATCC 
GACCGATTTTATCAGAGACTCCGCCAAAGATATCTTTCCTCTTTTCTGGA 
CAAGGCTCTCAATATTCTGGCATGGGAGAAACTCTTTATAACCGAGAAGT 
TGTTTTTAAGGAAACATTAGATCTTTGTGATCAAATTTTAGAAccCCTTT 
TAGAAAAATCTCTCCTAGATTTAATCTTTCAAGAGCAAAATAGCCAGTTA 
TTAGAGGAAACCCAAATCACTCAGCCGGTGATTT 
>Microcystis sp. 205 SEQID NO 145 
TCCCCTAATCGGCCTTTAATTATTGGTTCAGTAAAAACGAATTTAGGCCA 
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TTTAGAAGGTGCTGCCGGAATTGCTGGATTAATAAAACAGTTCTAGCT 
TACAACACCATAAAATACCTCCTCATCTTCACTTAAAAATCCTAATCCC 
CGCTTTGATTGGAGTTCTCATATTTTTGAAGTTCCTGTACAAGGAAAACC 
.TTGGAATATCAGCGAACGTGCAAGGATTGCTGGAGTAAGTTCCTTTGGAT 
TTAGTGGAACGAATGCTCATATCATTGTTGGGGAAATTGATGCTGATTTG 
CCTCAAGCTTCGGAGAATAATTTTTATCTATTACCCCTTTCGGCTCGTTC. 
TGAACAATCCCTGCAAGAGTTAGCGAGAAGCATCAAGATATTGACTG 
AGTCTATCAATTTAGCTGATGTTTGTTTTACCACCAGTACAGGGCGGGGG 
ATTTTTCCGCAACGAATCTGTATTTTAGCAGACTCAATAACGACGGCACA 
ACGAGCATTAATTGATTACCAAGATGGTGAAGATTCTGACTCATTAATCC 
GACCGATTATCAGAGACTCCGCCAAAGATAGCTTTCCTCTTTTCTGGA 
CAAGGCTCTCAATATTCTGGCATGGGAGAAACTCTTTATAACCGAGAAGT 
TGTTTTTAAGGAAACATTAGATCTTTGTGATCAAATTTTAGAACCCCTTT 
TAGAAAAATCTCTCCTAGATTTAATCTTTCAAGAGCAAAAAGCCAGTA 
TAGAGGAAACCCAAATCACTCAGCCGGGATT 
>Planktothrix sp. NIVA-CYA 127 SEQDD NO 146 
cCTCCGAATCAAccTTTAGTATTGGTTCTGTCAAAACAAATTTAGGACA 
CTTAGAAGGAGCAGOAGGAATTGCCGGATTAATAAAACAGTTTAGCTT 
TACAACATCATAAAATTCCTCCCCATCTTCACTTAAAAAACCCAACCCT 
CGGTTGGATGGGAGTTCTAATATTTTTGAAGTTCCTGTAGGCGGAAAACC 
CTGGAATCCCAGTGAACGCCAAAGAATTGCCGGGGTAAGCCTTGGC 
TTAGTGGAACAAATGCTCATATTATTGGGGAGAAATTGACCTAGTTA 
cCTAAAAAATCTGAGCCTAACTTTTAccTATTAccGCTTTCGGCTCGTTC 
TGAAAAATCTCTCCAAGAGTTAACTAAAAATTATCAAAATGCTTTGAATG 
GGTCTGTCAATTTTGCTGATGTTGGTTTTACGGCTACTACAGGACGGGCT 
ATTTTTCAGCATCGAATATGTATTTAGCTGAACAATGACAACAGCACA 
GGCAGCACTGGTTAGTTTCCAAAAAGGTGAAAATTCTOAACATTTAATTA 
CACCAATTTTATCAGAAAACAAGCTAAAAATAGCTTTTCTATTTTCAGGA 
CAAGGCTCACAATATTCGGAAATGGGAGAAACCCTTTATCACCGAGAACC 
TGTCTTTAAAAATACTTTAGATATTTGTAATGAAATCCTAGAACCTATTT 
TAGAAAAATCCCTGTTAGATTTAATCTTTAAATTGccCAATAGCCAGCTA 
TTAGAACAGACTCAAATCACCCAGCCCGTGCTAT. 
>Planktothrix sp. NIVA-CYA 128/R SEQID NO 147 
CCTCCGAATCAACCTTTAGTTATTGGTTCTGTCAAAACAAATTTAGGACA 
CTTAGAAGGAGCAGCAGGAATTGCCGGATTAATTAAAACAGTTTTAGCTT 
TACAAcACCATAAAATTCCTCCCCATCTTCACTTTAAAAAACCCAACCCT 
CGGTTGGATGGGAGTTCTAATATTTTTGAAGTTCCTGTAGGCGGAAAAAC 
CTGGAATCCCAGTGAACGCCAAAGAATTGCCGGGGTAAGTTCCTTTGGC 
TTAGTGGAACAAATGCTCATATTATTGTGGGAGAAATTGACTCTAGTTTA . 
cCTAAAAAATCTGAGCCTAACTTTTAccEATTACCGCTTTCGGCTCGTTC 
GAAAAAICCTCCAAGAGTAACTAAAAATTACAAAATGCTTGAATG . 

GGTCTGTCAATTTTGCTGATGTTGGTTTTACGGCTACTACAGGACGGGCT 
ATTTTTCAGCATCGAATATGTATTTTAGCTGAATCAATGACAACAGCACA 
GGCAGCACTGGTTAGTTTCCAAAAAGGTGAGGATTCTCAACATTTAATTA. 
CACCAATTTTATCAGAAAACAAGCTAAAAATAGCTTTTCTATTTTCAGGA 
CAAGGATCGCAATATTCAGGAATGGGAGAAACCCTTTATCACCGAGAACC 
TGTCTTTAAAAATACTTAGArcTTTGTAATGAAATCdr.AGAACCTATTT TAGAAAAATccCrgTTAGATT'TAATCTTAAATTGCCCAATAGCCAGCTA 
TTAGAACAGACTCAAATCACCCAGCCCGrGCTAT - . 
>Planktothrix 49 . SEQID NO 148 

. CCTCCGAATCAACCTTTAGTTATTGGTTCTGTCAAAACAAATTTAGGACA 
CTTAGAAGGAGCAGCAGGAATTGCCGGATTAATTAAAACAGTTTTAGCTT 
TACAACATCATAAAAICCTCCCCATCTTCACTTAAAAAACCCAACCC 
CGGTTTGATGGGAGTTCTAATATTTTTGAAGTTCCTGTAGGCGGAAAACC 
CTGGAATCCCAGTGAACGCCAAAGAAGCCGGGGTAAGCCTTGGC 
TTAGTGGAACAAATGCTCATATTATTGTGGGAGAAATTGACTCTAGTTTA 
CCTAAAAAATCTGAGCCTAACTTTTACCTATTACCGCTTTCGGCTCGTTC 
TGAAAAATCTCTCCAAGAGTTAACTAAAAATTATCAAAATGCTTTGAATG 
GGTCTGTCAATTTTGCTGATGTTTGTTTTACGGCTACTACAGGACGGGCT. 
ATTTTTCAGCATCGAATATGTATTTTAGCTGAATCAATGACAACAGCCCA 
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AGCAGCACTGGTTAGTTTCCAAAAAGGTGAAAATTCTCAACAATTAATTA 
CACCAATTTTATCAGAAAACAAGCTAAAAATAGCTTTTCTATTTTCAGGA 
CAAGGCTCACAATATTCGGGAATGGGAGAAACCCTTTATCACCGAGAACC, 
TGTCTTTAAAAATACTTAGATATTGTAATGAAATCCTAGAACCTA 
TAGAAAAATCCCTGTTAGATTTAATCTTAAATTGCCCAATAGCCAGCTA 
TAGAACAGACCAAATCACCCAGCCCGTGCTA 
>Planktothrix sp. NIVA-CYA 126/8 SEQID NO 149 
CCTCCGAATCAACCTTAGTATTGGTTCTGTCAAAACAAATTAGGACA 
CTTAGAAGGAGCAGCAGGAATTGCCGGAAAAAAACAGAGCT 
TACAACACCATAAAATTCCTCCCCATCTTCACTTTAAAAAACCCAACCCT 
CGGTTTGATTGGAGTTCTAATATTTTTGAAGTTCCTGTAGGCGGAAAAAC 
CTGGAATCCCAGTGAACGCCAAGGAATTGccGGGGTAAGTTCCTTTGGCT 
TTAGTGGAACAAATGCTCATATTATGTGGGAGAAATTGACTCTAGTA 
CCTAAAAAATCTGAGCCTAACTTTTACCTATTACCGCTTTCGGCTCGTTC 
TGAAAAAICCTCCAAGAGTAACTAAAAATTACAAAAIGCTTGAAG 
GGTCTGGCAATTTIGCTGATGTTTGTTTTACGGGTACTACAGGACGGGC 
ATTTTTCAGCATCGAATATCGTATTTTAGCTGAATCAATGACAACAGCACA 
AGCAGCACTGGTTAGTTTCCAAAAAGGGAGGATTCTCAACAATAATA 
CACCAATTTATCAGAAAACAAGCTAAAAATAGCTTTTCTATTCAGGA 
CAAGGATCGCAATATTCAGGAATGGGAGAAGCCCTTTATCACCGAGAACC 
GTCTTAAAAAACTTAGATCTTGAAGAAATCCTAGAACCTATT. 
TAGAAAAATCCCTGTTAGATTTAATCTTTAAATTGCCCAATAGCCAGCTA 
TTAGAACAGACTCAAATCACCCAGCCCGTGCTAT 
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METHODS FOR DETECTING TOXC AND 
NON-TOXC CYANOBACTERIA 

0001. This invention relates to a method for detecting 
toxic and non-toxic cyanobacteria. This invention relates 
also to oligonucleotides, which can be used in the detection 
method. 

BACKGROUND OF THE INVENTION 

0002 Cyanobacteria produce a wide variety of bioactive 
compounds. Many of these are potent toxins, which cause 
health problems for animals and humans when producer 
organisms occur in masses in lakes and water reservoirs 
(Sivonen and Jones, 1999). Most well known of the cyano 
bacterial toxins are the hepatotoxic heptapeptides, micro 
cystins. The general structure of microcystins is cyclo(-D- 
Ala-X-D-MeAsp-Z-Adda-D-Glu-Mdha-), where X and Z 
are variable L-amino acids, D-MeAsp is D-erythro-B-me 
thylaspartic acid, Mdha is N-methyldehydroalanine and 
Adda is 3-amino-9-methoxy-2,6,8-trimethyl-10-phenyl 
deca-4,6-dienoic acid. More than 65 structurally different 
microcystins are known (Sivonen and Jones, 1999). Most 
common variants have L-leucine and L-arginine in the 
positions of X and Z, respectively, and demethylated forms 
are also frequently found. Toxicity of microcystins is caused 
by the inhibition of protein phosphatases 1 and 2A (MacK 
intosh et al., 1990). The level of inhibition varies depending 
on the structure, but the Adda and D-Glu moieties, which are 
almost invariable in microcystins, are essential for the 
inhibition (Goldberg et al., 1995) and hence for the toxicity. 
0003 Microcystins have been found predominantly in 
cyanobacteria of three platonic, bloom-forming genera, 
Anabaena, Microcystis and Planktothrix (Sivonen and 
Jones, 1999). Not all members of these genera make micro 
cystins and both toxic and non-toxic strains occur in the 
same species. Toxic and non-toxic strains of Anabaena, 
Microcystis or Planktothrix cannot be separated based on the 
classical morphological taxonomy or ribosomal gene 
sequencing (Lyra et al., 2001). On the other hand, one stain 
may produce different microcystins and also other peptides 
simultaneously (Sivonen et al., 1992: Fujii et al., 1996; 
Fastner et al., 2001. 
0004 Peptide synthetase genes were shown to be 
required for the synthesis of microcystins (Dittmann et al., 
1997). Recently, the gene clusters encoding microcystin 
synthetase were sequenced and characterized from the uni 
cellular Microcystis aeruginosa (Nishizawa et al., 2000; 
Tillet et al., 2000) and from the filamentous Planktothrix 
agardhi (Christiansen et al., 2003). It was demonstrated that 
the microcystins biosynthesis is a combination of peptide 
and polyketide synthesis (Nishizawa et al., 2000; Tillet et al., 
2000). 
0005 The microcystin synthetase gene region spans 
about 55 kb, and includes genes for peptide synthetases 
(mcy.A. -B, -C), polyketide synthases (mcyD), mixed pep 
tide synthetase and polyketide synthases (mcyE, -G), and 
tailoring enzymes Tirett. et al. (2000), Nishizawa et al. 
(2000). 
0006 Microcystin producers among the filamentous, 
nitrogen-fixing genus, Anabaena, are found in North 
America, in France and in Northern Europe, where they 
frequently develop massive growth in lakes and reservoirs 
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(Sivonen and Jones, 1999). The bioactive peptides produced 
by Anabaena 90 have been characterized: three microcystins 
(MCYST-LR, MCYST-RR and D-Asp-MCYST-LR; 
Sivonen et al., 1992), two seven-residue depsipeptides (ana 
baenopeptilide 90A and 90B), and three six-residue peptides 
having an ureido linkage (anabaenopeptins A, B and C. Fujii 
et al., 1996). However, the microcystin synthetase gene 
region from Anabaena has not been sequenced. 

0007 Based on the sequence data available, various DNA 
probes and primers have been designed and used to dis 
criminate between toxic microcystin-producing and non 
toxic non-microcystin producing genotypes by hybridization 
and PCR However, the existing primers deduced from 
Microcystis mcy genes, reliably identify potential microcys 
tin-producers only in Microcystis and fail to amplify mcy 
sequences from part of microcystin containing strains of 
other genera. There is therefore a great need for oligonucle 
otides, which could be used as probes and primers in 
detecting toxic cyanobacteria also in genera other than 
Microcystis. Such oligonucleotides should discriminate 
between toxic microcystin-producing and non-toxic non 
microcystin producing genotypes in various molecular biol 
ogy methods. Such oligonucleotides should be specific to the 
studied cyanobacteria genera and the oligonucleotides 
should be able to discriminate the most important or domi 
nating microcystin producing cyanobacteria genera from 
one another. 

0008. It would be also of advantage if non-toxic cyano 
bacteria could be identified. 

SUMMARY 

0009. It is the aim of the present invention to eliminate 
the problems associated with the prior art. 

0010. One object of this invention is to provide a method 
for the detection of toxic cyanobacteria. 

0011. In this invention it has been surprisingly found that 
by designing oligonucleotides to be specific for mcyE gene 
of the microcystin synthetase gene region, it is possible to 
detect cyanobacteria from all of the most potent toxin 
producing cyanobacteria genera. In addition it is possible to 
identify which cyanobacterial genus produces the toxin. 

0012. In particular, the oligonucleotides are designed to 
be specific for a region of mcyE gene responsible for adding 
Adda and D-glutamate to the immature synthesis product. 

0013 More specifically, the oligonucleotides are 
designed to be specific for a region of mcyE gene region 
catalyzing a peptide synthesis between Adda-D-glutamate 
and dehydroalanine and to the adenylating region. It is 
assumed that the step of adding Adda-D-glutamate-dipep 
tide is decisive for toxicity of the product. However, it is 
Surprising that oligonucleotides designed to be specific for 
this region are genus specific and at the same time capable 
of identifying cyanobacteria from all other toxin-producing 
genera. Oligonucleotides of this invention can identify toxin 
producers at least among Anabaena, Microcystis, Plankto 
thrix, Nostoc and Nodularia genera. 

0014. In this invention the whole microcystin synthetase 
gene region from Anabaena was sequenced. Before this 
invention it had not been possible to compare the sequences 
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of microcystin synthetase gene region from the main micro 
cystin-producing cyanobacteria genera. 

0.015 The oligonucleotides of this invention can be used 
in detecting toxin-producing cyanobacteria by using various 
molecular biology methods. Such methods are for example 
hybridization, PCR, reverse transcriptase PCR, QRT-PCR, 
LCR, LDR and miniseduencing. 
0016. These methods can be combined with a microarray 
method. In a preferred detection method ligase detection 
reaction (LDR) is used together with a microarray method. 
Another preferred detection method is quantitative PCR 
(QRT-PCR). 
0017 Furthermore, the oligonucleotides of this invention 
can be used in detecting toxin-producing cyanobacteria 
together with a detection method using oligonucleotides 
designed to be specific for any other mcy gene. Such as 
mcy A or mcyD gene. 

0018. One highly preferred embodiment of this invention 
is the use of the oligonucleotides of this invention together 
with oligonucleotides designed to be specific for 16S rRNA 
gene. Cyanobacterial genera can be identified based on the 
16S rRNA gene. When oligonucleotides designed to be 
specific for mcyE (or some other mcy gene, Such as mcyD) 
and for 16S rRNA gene are used together for example in the 
microarray method, it is possible to detect and identify both 
toxin- and non-toxin-producing genera. It is of great advan 
tage that the oligonucleotides designed to be specific for 
mcyE and for 16S rRNA gene can be used under the same 
conditions. The LDR can be carried out under the same 
conditions and the hybridization in microarray on the same 
slide. This makes the monitoring of non-toxin cyanobacte 
ria- and toxin-producing cyanobacteria technically easy and 
much more useful. 

0019. The detection method of the present invention can 
also be combined with a detection method measuring micro 
cystin concentration, cell number, cell density or biomass. 
For example, mcyE copy number can be determined 
together with microcystin concentration and cell density and 
the main putative microcystin producers can be indicated. 
0020. One object of this invention are fragments of mcyE 
gene which are responsible for adding Adda and 
D-glutamate to the immature synthesis product in micro 
cystin synthesis. In particular, the fragments are responsible 
for adding Adda-D-glutate dipeptide to dehydroalanine. 
Such fragments are or are located in the sequences selected 
from the group comprising SEQ ID NO. 1 to SEQ ID NO: 
34 as shown in FIG. 19 A to H or comprising sequences SEQ 
ID NO:35 to SEQ ID NO:39 as shown in FIG. 15 A to C. 
0021 One object of this invention are furthermore oli 
gonucleotides designed to be specific for any of the above 
mentioned fragments of mcyE gene, in particular for 
sequences selected from the group comprising SEQID NO. 
1 to SEQ ID NO. 34 as shown in FIG. 19 A to H or 
sequences SEQ ID NO:35 to SEQ ID NO:39 as shown in 
FIG. 15 A to C or for fragments of said sequences. 
0022 Preferred oligonucleotides are primers mcyE-F2 
(SEQ ID Nos. 64), AnamcyE-12R (SEQ ID NO: 65) and 
MicmcyE-R8 (SEQ ID NO:66) which can be used for 
example in amplifying target (or sample) nucleic acid by 
PCR. 
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0023 Preferred oligonucleotides are discriminating 
probes of SEQID NO: 40 to SEQ ID NO: 45 and common 
probes of SEQID NO: 46 to SEQID NO:51, which can be 
used for example in the ligase detection reaction. 
0024 One object of this invention is furthermore the 
mcyE gene from the Anabaena genus encoding the amino 
acid sequence of SEQ ID NO: 67 or a sequence having at 
least 80% identity, preferably 90%, more preferably 95% 
identity to said sequence, or a fragment of said sequence 
having polymorphic sites which make possible of designing 
oligonucleotides to be specific for the fragment. 
0025. One further object of this invention is mcyE gene 
from Anabaena genus having the nucleic acid sequence SEQ 
ID NO: 68 or a sequence having at least 80% identity, 
preferably 90%, more preferably 95% identity to said 
sequence, or a fragment of said sequence having polymor 
phic sites which make possible of designing oligonucle 
otides to be specific for the fragment. 
0026. One object of this invention is furthermore the 
mcyD gene from the Anabaena genus encoding the amino 
acid sequence of SEQ ID NO: 69 or a sequence having at 
least 80% identity, preferably 90%, more preferably 95% 
identity to said sequence, or a fragment of said sequence 
having polymorphic sites which make possible of designing 
oligonucleotides to be specific for the fragment. 
0027. One further object of this invention is mcyD gene 
from Anabaena genus having the nucleic acid sequence SEQ 
ID NO: 70 a sequence having at least 80% identity, prefer 
ably 90%, more preferably 95% identity to said sequence, or 
a fragment of said sequence having polymorphic sites which 
make possible of designing oligonucleotides to be specific 
for the fragment. 
0028. One object of this invention are fragments of mcyD 
gene. Such fragments are or are located in the sequences 
selected from the group comprising SEQ ID NO. 131 to 
SEQ ID NO: 149 as shown in FIG. 38 A to F. 
0029. One further object of this invention are oligonucle 
otides which can be used as discriminating probes and which 
are selected from the group comprising SEQ ID NO: 71 to 
SEQ ID NO: 90, and common probes which are selected 
from the group comprising SEQID NO: 91 to SEQID NO: 
110. These primers and probes can be used for example in 
the ligation detection reaction. 
0030 Still further object of this invention is a kit for the 
detection of toxic cyanobacteria by the microarray method. 
The kit preferably comprises 
0031 discriminating and common probes designed to be 
specific for mcyE gene; 
0032) DNA or RNA zip and complementary zip codes 
assigned to be specific for selected cyanobacterial genera. 
0033) One still further object of this invention is a kit for 
detection of toxic cyanobacteria by hybridization. The kit 
preferably comprises 
0034 primers designed to be specific for the mcyE gene: 
0035 probes designed to be specific for selected cyano 
bacterial genera. 
0036). In the kit may be used alternatively or in addition 
probes and primers designed to be specific for mcyD gene or 
other mcy gene. 
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0037 According to a highly preferred embodiment the kit 
comprises in addition to probes and primers designed to be 
specific for mcy gene (such as mcyE and/or mcyD) also 
probes and primers designed to be specific for 16 S rRNA 
gene. 

0038. Other features, aspects and advantages of the 
present invention will become apparent from the following 
description and appended claims. 

BRIEF DESCRIPTION OF THE FIGURES 

0.039 FIG. 1. The microcystin synthetase gene cluster of 
Anabaena strain 90, biosynthetic model for the formation of 
microcystin-LR and the general structure of microcystins. 
The symbols for the domains are: A, adenylation; C, con 
densation: T, thiolation; NMT, N-methyltransferase: EP, 
epimerase; TE, thioesterase, KS. B-ketoacyl synthase; AT, 
acyltransferase: CM, C-methyltransferase; DH, dehy 
dratase; KR, B-ketoacyl reductase; ACP acyl carrier protein; 
AMT aminotransferase. Adda is 3-amino-9-methoxy-2,6,8- 
trimethyl-10-phenyldeca-4,6-dienoic acid, X and Z are vari 
able amino acids. The arrows point to three methyl groups, 
which are putatively introduced by the C-methyltransferase 
domains. The way of cyclization of the microcystin precur 
sor is shown with an arrow on the right of the picture. 
0040 FIG. 2. A. Comparison of the putative C-methyl 
transferase domains in McyG. McyD and McyF. of Ana 
baena 90 with three bacterial C-methyltran?ferase domains in 
the region of the conserved motifs: 
0041) 1. (VIL)(LV)(DE)(VI)G(GC)G(TP)G; 2. (PG)(QT 
)(FYA)DA(IVY(FI)(CVL) and 3. LL(RK)PGG(RIL)(LI)(L- 
FIV) (IL) (Kagan and Clarke, 1994). EpoE is the polyketide 
synthase in epothilone biosynthesis of Sorangium cellulo 
sum (AF217189), HMWP1 is the high-molecular-weight 
protein in yersiniabactin biosynthesis coded by irp1 of 
Yersinia enterocolitica (Y12527) and ECUbiE is Escheri 
chia coli C-methyltransferase, UbiE (P27851). Residues in 
bold letters (in the boxed areas) are identical to the consen 
sus amino acids of the motifs. Amino acids (outside of the 
boxed areas), which are identical in at least five of the six 
sequences, are shaded. 
0.042 B. Alignment of the aminotransferase domain of 
Anabaena 90 McyF. AmcyEamt, with other known ami 
notransferase domains and with two aminotransferases of 
Escherichia coli. McyFamt and PmcyEamt are from mcyE 
of Microcystis aeruginosa PCC7806 (AF183408) and of 
Planktothrix agardhii CYA126 (AJ441056), respectively. 
Itu Aamt is from itrin synthetase of Bacillus subtilis RB14 
(AB050629) and MycAamt from mycosubtilin synthetase of 
Bacillus subtilis ATCC6633 (AF184956). ECGSA is 
glutamate-1-semialdehyde aminotransferase (F90648) and 
EcArgD is Arg), acetylornithine aminotransferase 
(P18335). The conserved pyridoxal-5'-phosphate-binding 
residues (Mehta et al., 1993), an aspartate and a lysine, are 
marked with the asterisks. Amino acids, which are the same 
in at least five of the seven proteins, are shaded. 
0.043 FIG. 3. Motif sequence alignments of (A) dehy 
dratase (DH) and (B) ketoreductase (KR) domains of Ana 
baena 90 microcystin synthetase, AMCD-DH2, AMCD 
DH3, AMCG-KR1, AMCG-KR2 and AMCD-KR3, with 
rifamycin synthase, Rif-DH10 and RifE-KR10 (Amyco 
latopsis mediterranei; AF040570), and rapamycin synthase, 
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Rap-A-DH4, RapB-DH10, Rap A-KR4 and RapB-KR10, 
(Streptomyces hygroscopicus; X86780). The conserved resi 
dues of (A) the active site motif HCX)G(X)P (Aparicio et 
al., 1996) and of (B) the NAD cofactor binding site, 
GXGXX(G/A)(X)(G/A), (Scrutton et al., 1990) are marked 
with asterisks. Amino acids which are invariant in all 
proteins, are in bold letters (A) and (B). The numbers of the 
domains refer to the module of the particular synthase. 
0044 FIG. 4. Comparison of the motifs in acyltransferase 
(AT) domains of the microcystin synthetases with the con 
sensus sequences of malonyl and methylmalonyl loading AT 
domains described by Ikeda et al. (1999). AT domains 
(AT1-AT4) are from Anabaena 90, AMcyG, AMcyD and 
AMcyF. from Microcystis aeruginosa, MMcyG, MMcyD 
and MmcyE (AF183408) and from Planktothrix agardhi, 
PMcyG, PMcyD and PmcyE (AJ441056). Bold letters indi 
cate the amino acids, which are significantly specific to 
malonyl loading domains, and underlined, bold letters point 
out the residues, which are specific to methylmalonyl load 
ing domains. Serines of the active site are marked with an 
asterisk. 

0045 FIG. 5. Alignments of the B-ketoacyl synthase (KS) 
(A) and acyl carrier protein (ACP) (1B), domains of Ana 
baena 90 microcystin synthetase with the KS and ACP 
domains of rapamycin synthase, Rap A-KS1, Rap-A-ACP1 
and RapC-ACP11 (Streptomyces hygroscopicus, X86780) 
and of rifamycin synthase, RifA-KS1 and RifA-ACP1 
(Amycolatopsis mediterranei, AF040570) near the active 
sites. (A) AMCG-KS, AMCD-KS1, AMCD-KS2 and 
AMCEKS are from the KS domains of Anabaena 90 McyG, 
McyD and McyF. respectively. An asterisk marks the active 
site cysteines. The identical amino acids are in bold letters. 
The two histidine residues, which are invariant in PKS and 
fatty acid synthases (Aparicio et al., 1996) are underlined. 
(B) AMCG-ACP ACD-ACP1, AMCD-ACP2 are from the 
ACP domains of Anabaena 90 McyG, McyD and McyF. 
The active site motif, which frequently is LGxDS, is under 
lined. The serine residues, which bind phospho-pantetheline, 
are indicated by an asterisk. 
0046 FIG. 6. The general structure of microcystins and 
nodularin. Microcystin is a cyclic peptide containing seven 
amino acids D-Ala-X-D-MeAsp-Z-Adda-D-Glu-Mdha, 
where X and Z represent variable L-amino acids, D-Me-Asp 
is D-erythro-B-methylaspartic acid, Mdha is N-methyldehy 
droalanine, and Adda is the B-amino acid, 3-amino-9-meth 
oxy-2,6,8-trimethyl-10-phenyldeca-4,6-dienoic acid. Nodu 
larin differs from microcystins by lacking the amino acids 
D-Ala and X, and having N-methyldehydrobutyrine Midhb) 
in place of Mdha. The dashed line indicates the two amino 
acids absent in nodularins. 

0047 FIG. 7. Congruence between the 16S rRNA and 
rpoC1 data set and the microcystin synthetase gene data set. 
(A) A maximum-likelihood tree based on the 16S rRNA and 
rpoC1 data set (-1 nL-8004.26493). Branch lengths are 
proportional to sequence change. Maximum likelihood and 
maximum parsimony bootstrap values from 1000 bootstrap 
replicates are given above and below the line respectively. 
(B) A maximum-likelihood tree based on the mcy A. mcyD 
and mcyE data set (-1 nL=8781.50660). Branch lengths are 
proportional to sequence change. Maximum likelihood and 
maximum parsimony bootstrap values from 1000 bootstrap 
replicates are given above and below the line respectively. 
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0.048 FIG. 8. A maximum-likelihood tree based on the 
16S rRNA gene showing the sporadic distribution of cyano 
bacterial genera known to produce microcystins. Strains of 
the genera Planktothrix, Microcystis, Anabaena and Nostoc 
produce microcystins while strains of the genus Nodularia 
produce nodularins. Toxic strains are indicated by bold font. 
0049 FIG. 9. Cycle treshold (Ct) values obtained by 
microcystin synthetase E (mcyE) quantitative real-time PCR 
(QRT-PCR) with external A) Anabaena standard strains of 
Anabaena 90 (O), Anabaena 315 (O), and Anabaena 202A1 
(A) as well as with B) those of Microcystis strains Micro 
cystis GL 260735 (O), Microcystis PCC 7806 (O), and 
Microcystis PCC 7941 (A) as a function of mcyE copy 
numbers. Error bars, which are almost hidden by the sym 
bols, give the standard deviation for three independent 
amplifications. 
0050 FIG. 10. Microcystin concentration (x) (ug 1') 
determined with ELISA and Anabaena as well as Microcys 
tis microcystin Synthetase E (mcyE) copy numbers (copies 
ml") obtained with quantitative real-time PCR using Lake 
Tuusulanjärvi water samples collected during summer 1999. 
Gene mcyE copy numbers were calculated with the external 
standards of Anabaena 202A1 (), Anabaena 315 (O), 
Microcystis PCC 7806 (o) and Microcystis PCC 7941 (O). 
0051 FIG. 11. Microcystin concentration (X) (ug 1') 
determined with ELISA and Anabaena as well as Microcys 
tis microcystin Synthetase E (mcyE) copy numbers (copies 
ml") obtained with quantitative real-time PCR using lake 
water samples collected from different water depths of four 
Lake Hiidenvesi basins on 15 Aug. 2001. Gene mcyE copy 
numbers were calculated with the external standards of 
Anabaena 202A1 (), Anabaena 315 (O), Microcystis PCC 
7806 (o) and Microcystis PCC 7941 (O). 
0.052 FIG. 12. The cell numbers of the most dominant 
cyanobacterial genera in Lake Tuusulanjärvi in 1999 by light 
microscopy. The most dominant cyanobacterial genera were 
Anabaena (D), Microcystis (O) and Aphanizomenon (A). 
0053 FIG. 13. The cell numbers of the most dominant 
cyanobacterial genera in Lake Hidenvesi on 15 Aug. 2001 
by light microscopy. The most dominant cyanobacterial 
genera were Anabaena (D), Microcystis (O) and Aphani 
zomenon (A. The samples were taken from different water 
depths at the four basins of Lake Hiidenvesi. 
0054 FIG. 14. Clusters of group-specific mcyE gene 
consensus Sequences. 

0055 FIG. 15. A. B. C. 800 bp consensus sequence of 
mcyE from Anabaena, Microcystis, Nodularia, Nostoc, 
Oscillatoria/Planktothrix (SEQ ID NOs 35 to 39). 
0056 FIG. 16. The principle of the DNA-chip (Microar 
ray) method. 
0057 FIG. 17. Deposition scheme of the mcyE probes. 
Deposition scheme obtained using a non-contact dispensing 
system. Each Zip code was spotted ten times. The deposition 
quality of the Zip Code oligonucleotides on the slides has 
been checked by means of hybridisations with Cy3 labelled 
poly(dT) complementary to the poly(dA)o sequence of each 
Zip Code. 
0.058 FIG. 18. Hybridization results obtained using PCR 
amplified mcyE gene coming either from pure strains or 
from environmental samples as template in LDR. 
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0059 FIG. 19 A-H. Alignment of 800 bp of nucleic acid 
sequences from 30 strains (+4 consensus sequences) from 
Anabaena, Microcystis, Nodularia, Nostoc, and Oscillato 
ria/Planktothrix genera (SEQ ID NOs 1 to 34). 
0060 FIG. 20. List of polymorhism positions, group 
specific probes (discriminating probes SEQID NOS 40 to 45 
and common probes 46 to 51) and their correspondent Zip 
Codes and complementary Zip Codes SEQ D NOS 52 to 57 
and 58 to 63. 

0061 FIG. 21. Amino acid sequence encoded by Ana 
baena mcyE gene (SEQ ID NO 67). 

0062 FIG. 22 A-D. Nucleic acid sequence of Anabaena 
mcyE gene (SEQ ID NO 68). 

0063 FIG. 23 A, B. Amino acid sequence encoded by 
Anabaena mcyD gene (SEQ ID NO 69). 

0064 FIG. 24A-D. Nucleic acid sequence of Anabaena 
mcyD gene (SEQ ID NO 70). 

0065 FIG. 25A. The cyanobacterial phylogenetic tree 
constructed using the NJ algorithm, according to a central 
database of processed sequences. ARB cyanobacterial 16S 
rRNA gene database we used contained 281 sequences from 
public databases and 59 from this study. 

0.066 FIG. 25B. Updated ARB tree with Snowella 
Sequences. 

0067 FIG. 25C. Updated ARB tree with subclustering of 
Anabaena and Aphanizomenon groups. 

0068 FIG. 26. Main features of LDR method coupled to 
a Universal Microarray. 

0069 Panel A: After the hybridization of a discriminating 
probe and a common probe to the target sequence (16S rRNA 
gene), ligation occurs only if there is perfect complementa 
rity at the junction between the two probes. The reaction is 
thermally cycled. 

0070 Panel B: The LDR product is hybridized to an 
addressable Universal Microarray, where unique Zip code 
sequences have been spotted. 

0071 FIG. 27 A. Deposition scheme obtained using a 
contact dispensing system. Each Zip code was spotted four 
times, except universal Zip code (twelve times) and the Zip 
code corresponding to hybridization control (eight times). 
The deposition quality of the Zip Code oligonucleotides on 
the slides has been checked by means of hybridisations with 
Cy3 labelled poly(dT) complementary to the poly(da) 
sequence of each Zip Code. 

0072 FIG. 27B. Deposition scheme of Universal Array 
for the detection of toxic and non-toxic cyanobacteria. The 
Universal Array is made of 8 subarray per slide. Each 
subarray is made of 208 spots including zipcodes for hybrid 
ization control, cyanobacterial universal probes, 16S rRNA 
gene specific probe, mcyE specific probe and empty spot as 
a negative control. Each specific Zip code for the recognition 
of cyanobacteria universal probe, 16S RNA gene probe and 
mcyE gene probe is spotted in quadruplicate. The LDR 
positive control (Zipcode no 63) is replicated 6 times, while 
the hybridization positive control (Zipcode no 66) is repli 
cated 8 times. 
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0073 FIG. 28. Some results obtained using as LDR 
template PCR amplified 16S rRNA gene coming either from 
pure strains (both axenic and isolated in this study) or from 
cloned rDNA sequences. 
0074 Panel A: Aphanizomenon sp. 202: Panel B: Calo 
thrix marchica Bai 71-96: Panel C: Leptolyngbya 
OBB19S12: Panel D: Lyngbya OBB32SO4; Panel E. Micro 
cystis 1BB 38S: Panel F. Nodularin sp. PCC73104/1; Panel 
G: Plankthotrix 1LT27S08: Panel H: Spirulina subsalsa 
PCC6313; Panel I: Synechococcus Heg 74-30; Panel J: 
Woronichinia OES46; Panel K. Cylindrospermum stagnale 
PCC7417; Panel L: Synechocystis PCC 6905; Panel M: 
Nostoc sp. 152; Panel N: Anabaena: Panel O: Cyanothece 
PCC 7418. 

0075 FIG. 29. Hybridization results obtained using LDR 
artificial mixes with unbalanced amounts of PCR products 
derived from the following cyanobacterial samples: Apha 
nizomenon sp. 202, Microcystis OBB 34S, Sprinulina sub 
salsa PCC6313, Calothrix sp. PCC7714, Woronichinia 
OES46 clone. Different ratios have been used: 100:1, 50:1, 
100:5, 50:5, in which Aphanizomenon sp. 202 and Micro 
cystis OBB 34S have been the more concentrated samples. 
0076 Panel A: Unbalanced 100:1 LDR mix, Panel B: 
50:1 LDR mix: Panel C: 100:5 LDR mix: Panel D: 50:5 
LDR mix: Panel E: unbalanced LDR mix performed with 
500 fmol of the amplicon derived from Microcystis OBB 
34S and 5 fmol of the PCR fragment obtained from Woroni 
chinia OES46 clone. 

0077 FIG. 30A. Comparison of the results obtained 
using two LDR unbalanced mixes 100:1 (100 fmol of 
Microcystis OBB 34S and 1 fmol each of Spirulina, Woroni 
chinia and Calothrix). 
0078 Panel A: The LDR unbalanced mix was prepared 
using 4U of Pfu DNA ligase. 
0079 Panel B: 8U of the enzyme was added-in the same 
LDR unbalanced mix described above. 

0080 FIG. 30B. 16S and mcyE detection onto universal 
Array. Example of quantification. 

0081 FIG. 31. Linear correlation between signal inten 
sity and template concentration 
0082 FIG. 32. List of the group-specific 16S rRNA gene 
probes and their correspondent Complementary Zip codes 
(SEQ ID NOs 111 to 130) (discriminating probes SEQ ID 
NOS 71 to 90, common probes SEQ ID NOS 91 to 110). 
0083 FIG. 33A, B. Cyanobacterial strains used to vali 
date the LDR probes. 
0084 FIG. 34. Clones of 16S rRNA gene libraries 
obtained from environmental samples and used in the LDR 
reaction. 

0085 FIG. 35. PCR amplification from genomic DNA 
using 16S cyano primers and mcyE primers; primer 
F=mcyE-F2 and primer R=mcyE-R4: amplification proto 
col: 1x(3', 95° C), 30x(30", 94° C.:30", 56° C.; 1', 72° C), 
1x(10, 72° C). 
0.086 FIG. 36. Ligation Detection Reaction for toxic and 
non-toxic cyanobacteria recognition. 
0087 FIG. 37. Hybridization on DNA chip. 
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0088 FIG. 38 A to F mcyD sequence fragments from 
different cyanobacteria genera (SEQ ID Nos 131-149). In 
SEQED Nos 137, 138 and 139 N is T. 
0089 FIG. 39. List of the group-specific 16S rRNA gene 
probes (discriminating probes SEQ ID NOs 150 to 156) 
(common probes SEQ ID NOS 157 to 163) and C-zip Code 
sequences (SEQ ID Nos 164 to 170). 

DETAILED DESCRIPTION OF THE 
INVENTION 

Definitions 

0090. By “nucleic acid from a biological sample' is in 
this invention meant any target or sample nucleic acid, 
which originates from an environmental sample, such as 
water, Soil cyanobacterial bloom, cyanobacterial culture, 
mixed population of cyanobacteria and other microbes etc. 
Nucleic acid is usually DNA, but in can be also RNA. The 
nucleic acid is usually extracted from the sample by con 
ventional means known for the skilled artisan, but may also 
be liberated by repeated freeze-thawing to disrupt cellular 
integrity, or cells are used directly from the sample. 
0091. These techniques may also comprise the step of 
amplifying the nucleic acid before analysis. Amplification 
techniques are known to those of skill in the art and include, 
but are not limited to cloning, polymerase chain reaction 
(PCR), ligase chain reaction (LCR), nested polymerase 
chain reaction, self sustained sequence replication (Guatelli, 
J. C. et al., 1990, Proc. Natl. Acad. Sci. USA87: 1874-1878), 
transcriptional amplification system (Kwoh, D. Y. et al., 
1989, Proc. Natl. Acad. Sci. USA 86: 1173-1177), and 
Q-Beta Replicase (Lizardi, P. M. et al., 1988, Bio/Technol 
ogy 6:1197). 
0092. The oligonucleotides of this invention are brought 
into contact with the target or sample nucleic acid under 
Suitable conditions, which depend on the chosen molecular 
biology method, such as hybridization, PCR, LDR etc. 
0093. By “an oligonucleotide designed to be specific for 
the mcyE gene' it is meant that by using nucleic acid 
sequence data from several cyanobacterial genera and from 
several species of the genera, an oligonucleotide is designed 
to be specific for the mcyE gene of the microcystin Syn 
thetase operon. The length of an oligonucleotide may be 10 
to 150 nucleotides depending on the detection method used. 
An oligonucleotide for hybridization is at least 20 bp, for 
PCR at least 10 bp and for LDR at least 15 bp. 
0094) Any probe or primer can be prepared according to 
methods well known in the art and described, e.g., in 
Sambrook, J. Fritsch, E. F., and Maniatis, T. (1989 (Molecu 
lar Cloning: A Laboratory Manual, Cold Spring Harbor 
Laboratory Press, Cold Spring Harbor, N.Y. For example, 
discrete fragments of the DNA can be prepared and cloned 
using restriction enzymes. Alternatively, probes and primers 
can be prepared using the Polymerase Chain Reaction 
CPCR) using primers having an appropriate sequence. 

0.095 Primers and probes (RNA, DNA) described herein 
may be labeled with any detectable reporter or signal moiety 
including, but not limited to radioisotopes, enzymes, anti 
gens, antibodies, spectrophotometric reagents, chemilumi 
nescent reagents, fluorescent and any other light producing 
chemicals. Additionally, these probes may be modified with 



US 2007/0059699 A1 

out changing the Substance of their purpose by terminal 
addition of nucleotides designed to incorporate restriction 
sites or other useful sequences. 
0096. These probes may also be modified by the addition 
of a capture moiety (including, but not limited to para 
magnetic particles, biotin, fluorescein, dioxigenin, antigens, 
antibodies) or attached to the walls of microtiter trays to 
assist in the Solid phase capture and purification of these 
probes and any DNA or RNA hybridized to these probes. 
Fluorescein may be used as a signal moiety as well as a 
capture moiety, the latter by interacting with an anti-fluo 
rescein antibody. 
0097. By “a fragment of the mcyE gene' is meant prin 
cipally any fragment of the mcyE gene which makes it 
possible to prepare oligonucleotides capable of identifying 
the mcyE gene from all of the microcystin producing genera 
and on the other hand is capable of discriminating different 
cyanobacterial genera from each other. The fragment is 
preferably related to the region of mcyE gene responsible for 
adding Adda and D-glutamate to the immature synthesis 
product. In particular, the fragment is related to the region 
catalyzing a peptide synthesis between Adda-D-glutamate 
and dehydroalanine and to the adenylating region. More 
specifically, the fragment is related to the region encoding 
the end part of the adenylation domain, the phospho-pan 
tetheline binding site and the beginning of the domain which 
catalyses a peptide bond between D-glutamate and dehy 
droalanine. The length of the fragment may be between 
about 500 to 1000 nucleotides, which makes the alignment 
of nucleic acid sequence data from several cyanobacterial 
genera and species moderate to handle. 
0.098 Examples of suitable fragments are the sequences 
of SEQID NO. 1 to SEQ ID NO. 34 as shown in FIG. 19 
A to H or the consensus sequences SEQID NO: 35 to SEQ 
ID NO: 39 as shown in FIG. 15 A to C. 

0099. By “a fragment of the mcyD gene' is meant 
principally any fragment of the mcyD gene which makes it 
possible to prepare oligonucleotides capable of identifying 
the mcyD gene from all of the microcystin producing genera 
and on the other hand is capable of discriminating different 
cyanobacterial genera from each other. 
0100 Examples of suitable mcyD fragments are the 
sequences of SEQID NO. 131 to SEQID NO: 149 as shown 
in FIG. 38 A to F. 

0101 By “a suitable molecular biology method is meant 
the chosen molecular biology method suitable for the pur 
poses of detecting toxic cyanobacteria. The method may be 
selected from the group comprising hybridization, PCR, 
QRT-PCR, LCR, LDR and minisequencing. 
0102 PCR refers to the method for increasing the con 
centration of a segment of a target sequence in a mixture of 
genomic DNA without cloning or purification. This process 
for amplifying the target sequence consists of introducing a 
large excess of two oligonucleotide primers to the DNA 
mixture containing the desired target sequence, followed by 
a precise sequence of thermal cycling in the presence of a 
DNA polymerase. The two primers are complementary to 
their respective strands of the double stranded target 
sequence. To effect amplification, the mixture is denatured 
and the primers then annealed to their complementary 
sequences within the target molecule. Following annealing, 
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the primers are extended with a polymerase so as to form a 
new pair of complementary Strands. The steps of denatur 
ation, primer annealing, and polymerase extension can be 
repeated many times (i.e., denaturation, annealing and 
extension constitute one “cycle; there can be numerous 
“cycles') to obtain a high concentration of an amplified 
segment of the desired target sequence. The length of the 
amplified segment of the desired target sequence is deter 
mined by the relative positions of the primers with respect 
to each other, and therefore, this length is a controllable 
parameter. By virtue of the repeating aspect of the process, 
the method is referred to as the “polymerase chain reaction 
(hereinafter "PCR). Because the desired amplified seg 
ments of the target sequence become the predominant 
sequences (in terms of concentration) in the mixture, they 
are said to be “PCR amplified.” In addition to genomic 
DNA, any oligonucleotide or polynucleotide sequence can 
be amplified with the appropriate set of primer molecules. In 
particular, the amplified segments created by the PCR pro 
cess itselfare, themselves, efficient templates for Subsequent 
PCR amplifications. With PCR, it is possible to amplify a 
single copy of a specific target sequence in genomic DNA to 
a level detectable by the device and systems of the present 
invention. 

0.103 PCR oligonucleotide primers or probes may be 
derived from either strand of the duplex DNA. The primers 
or probes may consist of the bases A, G, C, or T or analogs 
and they may be degenerated at one or more chosen nucle 
otide position(s). The primers or probes may be of any 
suitable length and may be selected anywhere within the 
DNA sequences from selected sequences which are Suitable. 
In order to produce primers to a mcyE PCR, the mcyE 
gene(s) is typically examined using a computer algorithm, 
which starts at the 5' or at the 3' end of the nucleotide 
sequence. Typical algorithms will then identify oligomers in 
pairs of defined length that are unique to the gene, have a GC 
content within a range Suitable for hybridization, and lack 
predicted secondary structure that may interfere with hybrid 
ization. The number of oligonucleotide pairs may range 
from two to one million. 

0.104 Minisequencing reaction refers to a type of single 
base extension sequencing reaction using sequence termi 
nators. In certain embodiments, minisequencing reactions 
are performed in the substantial absence of free single 
nucleotides, to minimize or prevent polymerization of 
nucleic acid beyond the single nucleotide sequenced by the 
sequence terminator. In certain embodiments, sequence ter 
minators are labeled with fluorescent dyes, so that each 
nucleotide (A, G, T, or C) is identifiable by the color of the 
fluorescent label. 

0105 QRT-PCR or quantitative real-time PCR method 
involve measuring the amount of amplification product 
formed during an amplification process. Fluorogenic 
nuclease assays are one specific example of a real time 
quantitation method that can be used to detect and quantitate 
transcripts of present invention. In general Such assays 
continuously measure PCR product accumulation using a 
dual-labeled fluorogenic oligonucleotide probe, an approach 
frequently referred to in the literature simply as the “Taq 
Man' method. The probe used in such assays is typically a 
short (ca. 20-25 bases) polynucleotide that is labeled with 
two different fluorescent dyes. The 5" terminus of the probe 
is typically attached to a reporter dye and the 3" terminus is 
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attached to a quenching dye, although the dyes can be 
attached at other locations on the probe as well. For mea 
Suring a mcyE transcript, the probe is designed to have at 
least Substantial sequence complementarity with a probe 
binding site on a mcyE transcript. Upstream and down 
stream PCR primers that bind to regions that flank mcyE are 
also added to the reaction mixture for use in amplifying the 
mcyE polynucleotide. When the probe is intact, energy 
transfer between the two fluorophors occurs and the 
quencher quenches emission from the reporter. During the 
extension phase of PCR, the probe is cleaved by the 5" 
nuclease activity of a nucleic acid polymerase Such as Taq 
polymerase, thereby releasing the reporter dye from the 
polynucleotide-quencher complex and resulting in an 
increase of reporter emission intensity that can be measured 
by an appropriate detection system. 
0106 Hybridization is used in reference to the pairing of 
complementary nucleic acids. Hybridization and the 
strength of hybridization (i.e., the strength of the association 
between the nucleic acids) is impacted by Such factors as the 
degree of complementary between the nucleic acids, strin 
gency of the conditions involved, the Tm of the formed 
hybrid, and the G:C ratio within the nucleic acids. For 
example stringent hybridization conditions are defined in 
Sambrook et al. 1989. 

0107 Ligation Detection Reaction LDR is based on the 
discriminative properties of the DNA ligation reaction. It 
requires the design of two probes specific for each target 
sequence, as described by Barany and co-workers (1999). 
One oligonucleotide brings a fluorescent label or other 
detection label and the other a unique sequence named 
complementary Zip Code (c.7ip Code). Ligated fragments, 
obtained in the presence of a proper template by the action 
of a DNA ligase, are addressed to the location on the 
microarray where the Zip Code sequence has been spotted. 
Such an array is therefore “Universal being unrelated to a 
specific molecular analysis. 
0108. When two complementary pairs of probe elements 
are utilized, the process is referred to as the ligase chain 
reaction which achieves exponential amplification of target 
sequences (F. Barany, “The Ligase Chain Reaction (LCR) in 
a PCR World.” PCR Methods and Applications, 1:5-16 
(1991)). 
0109) As used herein “Arrays” or “Microarrays' refers to 
an array of distinct polynucleotides or oligonucleotides 
synthesized on a Substrate. Such as paper, nylon or other type 
of membrane, filter, chip, glass slide, or any other Suitable 
Solid Support. The microarray can be prepared and used 
according to the methods described, for example in Lock 
hart, D. J. et al. (1996; Nat. Biotech. 14: 1675-1680) and 
Schena, M. et al. (1996: Proc. Natl. Acad. Sci. 93: 10614 
10619). 
0110. The microarray or detection kit is preferably com 
posed of a large number of unique, single-stranded nucleic 
acid sequences, usually either synthetic antisense oligo 
nucleotides or fragments of cDNAs, fixed to a solid support. 
The oligonucleotides are preferably about 6-60 nucleotides 
in length, more preferably 15-30 nucleotides in length, and 
most preferably about 20-25 nucleotides in length. For a 
certain type of microarray or detection kit, it may be 
preferable to use oligonucleotides that are only 7-20 nucle 
otides in length. The microarray or detection kit may contain 
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oligonucleotides that cover the known 5", or 3', Sequence, 
sequential oligonucleotides which cover the full length 
sequence; or unique oligonucleotides selected from particu 
lar areas along the length of the sequence. Polynucleotides 
used in the microarray or detection kit may be oligonucle 
otides that are specific to a moyE gene or genes of interest. 
0111. The nucleotide sequence data can be aligned and 
clustered according to their phylogenetic lineages so that 
'group-specific' consensus sequences are yielded: Ana 
baena, Microcystis, Nodularia, Nostoc, Oscillatoria/Plank 
tothrix. Then, “group-specific' probes can be designed using 
a suitable database, such as ARB database named “robe 
design'. Among the set of probes, discriminating probes 
with 3' position unique to each group in order to obtain 
ligase discrimination can be selected. After hybridization of 
a discriminating probe and a common probe to the target 
sequence, ligation occurs only if there is perfect comple 
mentarity at the junction between the two oligos. Common 
probes are designed immediately 3' to the discriminating 
oligo from the group-specific consensus and the detection is 
made by microarray method. 
0112 Zip code sequences can be selected randomly from 
those described by Chen and co-workers, 2000. Each Zip 
code is randomly assigned to a single cyanobacterial group. 
Each common probe is synthesized to have the complemen 
tary Zip code (czip code) affixed to its 3' end. 
0113 Examples of discriminating probes are SEQ ID 
NO: 40 to SEQID NO: 45 and of common probes SEQID 
NO: 46 to SEQID NO: 51 designed to be specific for mcyE 
gene. 

0114 Examples of LDR zip codes are zip codes SEQ ID 
NO: 52 to SEQID NO:57. 
0115 Furthermore, examples of discriminating probes 
are SEQ ID NO: 71 to SEQ ID NO: 90 and of common 
probes SEQID NO: 91 to SEQ ID NO: 110 designed to be 
specific for 16S rRNA gene. 
0.116) The method of the present invention can be used to 
detect toxic cyanobacteria at least from the genera Ana 
baena, Microcystis, Planktothrix, Nostoc and Nodularia. 
0.117) The method can be combined if desired with a 
detection method using oligonucleotides designed specific 
for any other mcy genes or for 16S rRNA gene. A method 
based on 16S rRNA gene detection is in particular useful, if 
non-toxic cyanobacteria should be identified in addition to 
toxic cyanobacteria, when for example the condition of 
environment is monitored. 

0118. The method of this invention can be combined also 
with methods determining microcystin concentration, cell 
density, cell number, biomass, bioVolume, chlorophyll-a, 
total RNA/DNA concentrations etc. 

0119) A kit for the detection of toxic cyanobacteria by 
microarray method preferably comprises 
0120 discriminating and common probes designed to be 
specific for the mcyE gene; 
0121 DNA or RNA zip and complementary zip codes 
assigned to be specific for certain cyanobacteria genera. 
0.122 A kit for the detection of toxic cyanobacteria by 
hybridization preferably comprises 
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0123 primers designed to be specific for the mcyE gene: 
0124 probes designed to be specific for certain cyano 
bacteria genera. 
0125. In the kit can be in addition to primers or probes 
designed to be specific for the mcyE and/or mcyD gene also 
primers or probes designed to be specific for 16 S rDNA. 
0126. In this invention we have identified and character 
ized the genes for the biosynthesis of hepatotoxins, micro 
cystins from the filamentous, nitrogen fixing cyanobacte 
rium Anabaena strain 90. Microcystin Synthetase genes are 
now known from three different cyanobacterial genera, 
Anabaena, Microcystis and Planktothrix, which are the main 
producers of the microcystins. The arrangement of the genes 
is different between these species. The order of the domains, 
which are coded by two sets of the genes, is co-linear with 
the hypothetical sequence of the enzymatic reactions for 
microcystin biosynthesis only in Anabaena 90. 
0127. These genes provide extensive sequence informa 
tion for the design of primers to be used in PCR-based 
methods for the sensitive detection, identification and quan 
tification of producers of hepatotoxic microcystins and 
nodularins. 

0128 Identifying the most potent microcystin producer 
in a lake could be valuable knowledge e.g. in designing lake 
restoration strategies. In connection of this invention we 
identified the microcystin producing genera and quantified 
the microcystin Synthetase gene E (mcyE) copy numbers in 
two lakes (Lake Tuusulanjärvi and Lake Hidenvesi) by 
quantitative real-time PCR. Microcystin concentrations and 
cyanobacterial cell densities of these lakes were also deter 
mined. The main microcystin producer in Lake TuuSulan 
järvi was Microcystis sp., since average Microcystis mcyE 
copy numbers were over 30 times more abundant than those 
of Anabaena. Lake Hidenvesi seemed to contain both 
nontoxic and toxic Anabaena as well as toxic Microcystis 
strains. Microcystin concentrations of Lake TuuSulanjärvi 
and Lake Hiidenvesi correlated positively with Microcystis 
mcyE copy numbers. 
0129 mcyE sequences from Anabaena, Microcystis, 
Nodularia, Nostoc and Oscillatoria/Planktothrix were used 
for detecting polymorphic positions useful for detecting 
cyanobacterial strains using several different biomolecular 
techniques. These unique features were used for designing 
probes for cyanobacterial detection and identification by 
LDR in combination with a microarray. 
0130. The molecular classification of cyanobacteria is 
based on 16S rRNA gene sequences obtained from pure 
cultures (Wilmotte & Herdmann, 2001). Using this molecu 
lar information, several techniques can be used to determine 
the cyanobacterial composition of an environmental sample. 
The most widely used method is the 16S rRNA gene 
amplification with cyanobacterial specific PCR primers, 
cloning, sequencing and phylogenetic reconstruction (Gio 
Vannoni et al., 1988). This strategy is very time consuming 
and therefore is not Suited to large scale screenings. 
Recently, DGGE and TGGE have been widely applied to 
molecular ecological research (Muyzer, 1999). However, the 
excision of bands, reamplification and sequencing are nec 
essary to obtain a precise diversity analysis. 
0131 Oligonucleotide microarrays (microchips) have a 
major role in genomics and have gained wide attention in 
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molecular diagnostics. Microarray technology has a great 
potential in environmental diagnostics. In fact, the DNA 
microarray technology has already been applied for micro 
bial diversity detection. Microarrays have been used for 
quantitation of target microbial populations for environmen 
tal analysis (Guschin et al., 1997). 
0.132 Rudi and coworkers (2000) designed a small 
cyanobacterial specific microarray for Microcystis, Plank 
tothrix, Anabaena, Aphanizomenon, Nostoc and Phor 
midium. 

0.133 DNA microarray and the magnetic-capture hybrid 
ization technique have been combined to form a new tech 
nology named MAG-microarray. Bacterial magnetic par 
ticles (B3 MPs) on a MAG-microarray have been used for 
the identification of cyanobacterial DNA (Matsunaga et al., 
2001). Genus-specific oligonucleotides probes for the detec 
tion of Anabaena spp., Microcystis spp., Nostoc spp., Oscil 
latoria spp. and Synechococcus spp. have been designed 
from the variable region of the cyanobacterial 16S rRNA 
gene of 148 strains. These probes have been immobilized on 
BMPs via streptavidin-biotin conjugation and employed for 
magnetic-capture hybridization against digoxigenin-labeled 
cyanobacterial 16S rRNA gene. Bacterial magnetic particles 
have been magnetically concentrated, spotted in a microwell 
on MAG-microarray and detected. The entire process of 
hybridization and detection has been automatically per 
formed and all the five cyanobacterial genera have been 
Successfully discriminated. 
0.134 Recently, we have presented a Universal DNA 
Array approach to discriminate some groups of bacteria 
(Busti et al., 2002). This procedure, based on the discrimi 
native properties of the DNA ligation reaction, requires the 
design of two probes specific for each target sequence, as 
described by Gerry and co-workers (1999). One oligonucle 
otide brings a fluorescent label and the other a unique 
sequence named complementary Zip Code (czip Code). 
Ligated fragments, obtained in presence of a proper template 
by the action of a DNA ligase, are addressed to the location 
on the microarray where the Zip Code sequence has been 
spotted. Such an array is therefore “Universal' being unre 
lated to a specific molecular analysis. 
0135). Here we present the Universal DNA Array 
approach applied to the detection of cyanobacterial diver 
sity. We designed probes specific for 19 different cyanobac 
terial groups (phylogenetic lineages including Anabaena/ 
Aphanizomenon, Calothrix, Cylindrospermopsis, 
Cylindrospermum, Gloeothece, Halotolerants, Leptolving 
bya, Lyngbya, Microcystis, Nodularia, Nostoc, Oscillatoria/ 
Planktothrix, Phormidium, Prochlorococcus, Spirulina, 
Synechococcus, Synechocystis, Trichodesmium, Woroni 
chinia) identified from the phylogenetic tree obtained from 
the ARB database constructed in this study. 
0.136 13 axenic strains from culture collection, 38 iso 
lated culture strains and 44 clonal fragments recovered from 
environmental samples were used for validation purposes 
with excellent results demonstrating a high discriminative 
power. The proposed approach is extremely sensitive (down 
to 1 fmol of PCR amplified 16S gene region are detectable) 
allowing for the analysis of unbalanced environmental 
samples. LDR coupled to Universal Microarray performed 
on PCR samples containing 100:1 ratios of different ampli 
cons yielded the correct identification of the starting strains. 
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This approach is therefore amenable to the analysis of 
complex environmental samples. 

0137 The Universal array was used for the detection of 
toxic and non-toxic cyanobacteria by using probes designed 
to detect both the 16 rRNA and mcyE genes. In the presence 
of the proper DNA template of both 16S rRNA and mcyE 
genes, the Universal Array functioned very well: only group 
specific spots, universal spots and the spots corresponding to 
the hybridization control showed positive. 
Genes Coding for the Synthesis of Microcystins in Ana 
baena 

The Order of the Genes in the Microcystin Synthetase Gene 
Cluster is Different in the Cyanobacterial Species 
0138. The arrangement of the genes is different in the 
gene clusters of microcystin biosynthesis from the strains of 
three species. In Anabaena Strain 90, Microcystis aerugi 
nosa (Tillett et al., is 2000; Nishizawa et al., 2000) and in 
Planktothrix agardhii CYA126 (Christiansen et al., 2003) 
the NRPS genes, mcy A. mcyB and mcyC have the same 
order, but the organization of the other genes is different. In 
Anabaena strain 90 and in M. aeruginosa the mcy-genes are 
in two clusters, which are transcribed in opposite directions, 
whereas in Pagardhi they are in one cluster transcribed in 
the same direction (except mcyT, which was not found in 
Anabaena and Microcystis). The arrangement of the genes 
from mcyD to mcyH in Microcystis is almost identical in 
Planktothrix (mcyF is missing in Planktothrix), but it differs 
from the order in Anabaena. In Planktothrix, compared to 
Microcystis, the part containing mcyD. mcyE. mcyF. mcyG, 
mcyH. mcyI and mcy J is reversed. In this rearrangement, 
mcyF and mcyI were lost from the cluster and mcy J was 
relocated after mcyG 
The Biosynthesis of Microcystins 

0.139. In Anabaena, the order of the domains coded by the 
genes in the two sets is co-linear with the hypothetical 
sequence of the enzymatic reactions for microcystin biosyn 
thesis (FIG. 1). The progression of the biosynthetic reactions 
follows the order of the functions coded first by mcyG and 
continuing with the activities coded by mcyD. mcy.J. mcyE. 
mcyF. mcyI, mcyA, mcyB and mcyC. 

0140 Phenyl acetate is the assumed starting unit in the 
biosynthesis of Adda (Moore et al., 1991). It is activated by 
the adenylating domain identified in the N-terminus of 
McyG, and transferred onto the subsequent thiolation (phos 
phopantetheline binding) site. Polyketide synthesis reactions 
are followed (FIG. 1). All four extension units are malonyl 
CoA molecules according to the substrate specificity of the 
AT domains (FIG. 4). In McyG there is a KS domain to 
catalyse the first condensation reaction between phenylac 
etate and malonyl-CoA. 

0141. The reductive reactions needed to fashion the 
polyketide chain are putatively catalysed by KR and DH 
domains of McyD and McyF. The KR domain of McyG is 
in the right position to reduce the carbonyl group of the 
putative starter molecule. The methyltransferase domains of 
McyG, McyD and mcyE are the obvious candidates to 
introduce three methyl groups into the carbon frame of 
Adda. It was recently verified with a knockout mutant 
(Christiansen et al., 2003) that the incorporation of the 
fourth methyl, which is seen in the methoxy group of Adda, 
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is catalysed by Mcy.J. The amino transferase domain of 
mcyE most likely adds the amino group, which participates 
in the peptide bond with the glutamate residue. 
0142. There are two condensation domains of peptide 
synthetases in McyF. The first one logically catalyses the 
peptide bond between Adda and glutamate, which is acti 
vated by the adenylation domain of McyF. The signature 
sequence, which was also determined as DPRHSGVVG for 
mcyE of both M. aeruginosa and P agardhi, has no 
precedents in the databases (Table 2). The synthetases of 
other peptides, which contain glutamyl residues are known 
for bacitracin, fengycin and Surfactin (accession numbers: 
AF007865, AF023464, AF087452 and D13262). In these 
compounds the standard C-carboxyl of glutamate is part of 
the peptide bond, while in microcystins it is the Y-carboxyl. 
This is analogous to the activation of aspartate/methylas 
partate by the second adenylation domain of McyB. The 
B-carboxyl of aspartate/methylaspartate instead of the C-car 
boxyl is engaged in the peptide bond formation. This must 
have impact on the compositions of the glutamate and 
aspartate/methylaspartate binding pockets in the adenylation 
domains. 

0.143 Mcy A has two adenylation domains for the acti 
Vation of serine and alanine, respectively. The signature 
sequences of these domains have models and are almost 
identical in Anabaena 90, M. aeruginosa and P agardhi 
(Table 2). The dehydration of serine supposedly takes place 
after the activation by adenylation and is catalysed by McyI, 
which is similar to phosphoglycerate dehydrogenases. 
0144. There is only one, internal, condensation domain in 
Mcy A, which most likely links dehydroserine and D-ala 
nine. The bond between glutamate and dehydroserine is 
putatively catalysed by the C-terminal condensation domain 
of McyF. There is a methyltransferase domain in the first 
module of McyA for N-methylation of dehydroserine. The 
epimerase domain at the C-terminus of McyA converts 
L-alanine to the D-form. 

0145 Two modules of McyB and one module of McyC 
logically activate, and add three residues to the nascent 
peptide chain: L-leucine or L-arginine, methylaspartate or 
aspartate and L-arginine, respectively (FIG. 1). The amino 
acids activated by the adenylation domains of McyC and by 
the first module of McyB (McyB-1) vary most frequently in 
microcystins. M. aeruginosa PCC7806 and M. aeruginosa 
K-139 produce mainly Mcyst-LR, and the substrate speci 
ficity conferring sequences in McyFB-1 of these strains are 
identical with the signature sequence for leucine (Table 2). 
M. aeruginosa UVO27 and P agardhi CYA126 produce 
mostly Mcyst-RR, which is also produced by Anabaena 90 
together with Mcyst-LR. Their signature sequences in 
McyB-1 are different and have no precedents in the data 
bases (Table 2). In M. aeruginosa UV027 the specificity 
codes of McyB-1 and McyC are almost identical (DVWTI 
GAVE/DWTIGAVD) and match with the codes of McyC 
from M. aeruginosa K-139 and M. aeruginosa PCC7806, 
respectively (Table 2). Accordingly McyB-1 of M. aerugi 
nosa UVO27 and McyC activate arginine. 
0146 There is no epimerase domain in McyB of Ana 
baena 90 or in the other sequenced versions of McyB, 
though in microcystins, the aspartyl or methylaspartyl moi 
ety is in the D-form. The epimerization in this position and 
in the glutamyl residue is putatively catalysed by McyF. 
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which in a BLAST search was similar to aspartate race 
mases, and was shown by Nishizawa et al., (2001) to 
complement a D-glutamate deficient mutant of Escherichia 
coli. The C-terminal thiosterase domain of McyC, as gen 
erally in nonribosomal peptide synthesis, (Kohli et al., 2001) 
catalyzes the final step in microcystin biosynthesis, the 
cyclization of the linear peptide (FIG. 1). 

0147 McyFI is probably not needed for the synthesis of 
microcystins but it may participate in the transport of 
microcystins. 

0148. In connection of this invention we obtained DNA 
sequences of three microcystin synthetase genes: mcy A, 
mcyE and mcyD. The mcy. A gene fragment encodes part of 
the condensation domain, which catalyses a condensation 
reaction to form a peptide bond between the growing peptide 
and D-alanine. The fragment of the mcyE gene codes for a 
partial adenylation domain and a phospho-pantetheine-bind 
ing site, the region, which activates glutamic acid. The 
region of the mcyD gene encodes parts of both the B-ke 
toacyl synthase and the acyltransferase domains. We 
sampled representative producers of microcystins and nodu 
larins (Table 1) in the genera Anabaena, Microcystis, Plank 
tothrix, Nostoc, and Nodularia. Individual topologies gen 
erated from mcy A. mcyE and mcyD were rooted with 
homologues identified in BLAST searches. These topologies 
were congruent with one another (data not shown) and thus 
the data from all three genes were concatenated in order to 
increase the amount of information available in phylogenetic 
analyses. 

Phylogenetic Evidence for the Early Evolution of Micro 
cystin Synthesis 

0149. In order to investigate the role of horizontal gene 
transfer in the distribution of microcystin synthetase genes 
amongst cyanobacteria we assembled a data set comprised 
of 16S rRNA and rpoC1 sequences from the same set of 
taxa. These genes are conserved and widely used as tools for 
phylogenetic classification. No incongruence between the 
16S rRNA and rpoC1 topologies could be found and the 
sequence data of these two genes was concatenated. We 
analysed these two data sets separately with maximum 
parsimony and maximum likelihood optimisation criteria. 
Bootstrap analyses were conducted to measure the stability 
of the observed phylogenetic patterns and revealed two 
well-supported topologies (FIG. 7). The two maximum 
likelihood topologies were perfectly congruent (FIG. 7). The 
bootstrap Support for the monophyly of the genera Ana 
baena, Nodularia and Nostoc was lower in the microcystin 
synthetase gene data set than in the 16S rRNA and rpoC1 
data set (FIG. 7). Likewise the bootstrap support for the 
monophyly of the genera Planktothrix and Microcystis was 
lower in the 16S rRNA and rpoC1 data set than in the 
microcystin gene data set (FIG. 7). However, no conflicting 
nodes received bootstrap Support above 45% in any analysis. 
Individual trees generated from mcy A (26 taxa), mcyE (30 
taxa) and mcyD (19 taxa) all consistently supported the 
reciprocal monophyly of each genus (data not shown). In no 
instance was support for a lateral transfer recovered. The 
high degree of congruence between the microcystin Syn 
thetase gene data set and 16S rRNA and rpoC1 data set is 
consistent with an ancient origin of microcystins (FIG. 7). 
This indicates that the phylogenetic marker genes and the 
microcystin synthetase genes have co-evolved for the entire 
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length of the evolutionary history of this toxin. The sporadic 
distribution of microcystin synthetase genes in modern 
cyanobacteria Suggests that the ability to produce the toxin 
has been lost repeatedly in the more derived lineages of 
cyanobacteria. Microcystins are one of the few known 
natural examples of combined polyketide synthase and 
peptide synthetase systems. Little is known about the evo 
lution of these mixed polyketide and peptide synthetases and 
it is unclear whether the combination of these two systems 
is of recent origin. Congruence between the polyketide and 
peptide portions of the gene cluster as well as the 16S rRNA 
and rpoC1 data set demonstrates that the combination of 
these two systems is an ancient collaboration in the produc 
tion of this toxin. Our results do not rule out the possibility 
that parts of the sequences of the microcystin synthetase 
gene cluster are of more recent origin. Indeed, the existence 
of many microcystin variants implies a fast evolution of 
certain gene domains. 

0150. Similarities in the chemical structures and biologi 
cal action of microcystins and nodularins indicate that these 
compounds are closely related (Sivonen and Jones, 1999). 
However, the exact relationship between nodularins and 
microcystins remains ambiguous. Recent studies have Sug 
gested that the genes encoding microcystin synthetase have 
evolved from the genes encoding nodularin synthetase 
(Christiansen, 2003). Our data rejects the idea that nodularin 
synthesis predates microcystin synthesis (Christiansen, 2003 
or that nodularin synthetase genes are a sister group to 
microcystin synthetases genes (Moffitt et al. 2001). Instead, 
our results suggest that nodularin synthetase genes are 
derived from microcystin synthetase genes and that nodu 
larins should now be regarded as structural variants of 
microcystins. It is anticipated here that nodularin synthetase 
genes were formed from the ancestral microcystin Syn 
thetase gene set through a relatively recent deletion of the 
last mcy.A module and the first mcyB module and by 
mutation changing the Substrate specificity coded by the first 
module of mcyA. This finding is consistent with the pro 
duction of nodularins by a single cyanobacterial genus and 
the limited structural variation of nodularins in comparison 
to microcystins Sivonen and Jones, 1999). Microcystins are 
commonly believed to have evolved in response to grazing 
pressure by Zooplankton (DeMott et. al. 1991). Fossils of 
filamentous akinete-forming cyanobacteria are dated to 
2000 million years ago (Amard et al., 1997). 

0151. This means that the Anabaena, Nostoc, and Nodu 
laria genera and thus, the common ancestor of microcystin 
producing cyanobacteria are at least this old. Molecular 
clocks set a divergence time of 1576 million years ago for 
the crown eukaryotic lineages (Heckman, D. S. et al., 2001). 
Metazoans such as copepods and cladocerans are often 
envisaged as target organisms of microcystins (DeMott and 
Moxter, 1991). However, microcystin production predates 
all metazoans. If microcystins evolved as a chemical defense 
against Zooplankton then the targets of the toxin must have 
been the early branching eukaryotes (Moon-van der Staay, 
S-Y. et al., 2001 and Brocks et al., 1999). 
0152 Protozoans are an underappreciated component of 
the Zooplankton and may have been overlooked as the likely 
targets for the evolution of chemical defense in this case. It 
is not clear that microcystins evolved as a chemical defense 
and other proposed functions for microcystins include sid 
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erophobic scavenging of trace metals such as iron (Utkillen 
and Golme, 1995) and a role in signalling and gene regu 
lation (Dittmann et al., 2001). 
0153 Microcystins and nodularins are highly toxic to 
eukaryotic cells and pose a serious health risk to water users. 
Also the genera Arthrospira and Aphanizomenon are com 
monly used in health food supplements (Gilroy et al., 2000). 
Our study demonstrates that the ability to make microcystins 
has been lost repeatedly throughout the diversification of 
cyanobacteria. This means that toxin-producing strains may 
be found unexpectedly. 
Quantification of Microcystin Synthetase E Copy Numbers 
of Microcystis and an Anabaena in Lakes by Quantitative 
Real-Time-PCR 

0154) In this invention a novel method to indicate the 
main putative microcystin producer of a lake is provided. 
The dominant putative microcystin producer was Microcys 
tis in Lake Tuusulanjärvi and in the Basin of Kiihkelyk 
senselkä of Lake Hidenvesi based on mcyE copy number 
quantification. This method enables to study in situ the 
responses of environmental factors on the growth of micro 
cystin producing genera and could be used to observe the 
possible changes in cyanobacterial assemblages prior, dur 
ing, and after lake restoration in order to find out, if the 
genus targeted lake restoration Succeeded. 
The Main Microcystin Producers 
0155 In Lake Tuusulanjärvi Microcystis spp. was the 
main putative microcystin producer, since average Micro 
cystis mcyE copy numbers were clearly higher than those of 
Anabaena and thus, this result was in agreement with the 
higher cell numbers of Microcystis observed compared to 
those of Anabaena. Microcystin concentrations or hepato 
toxicities have also presiously correlated positively with 
Microcystis spp. biomass in Lake TuuSulanjärvi (Ekman 
Ekebom et al. 1992, Lahti et al. 1997). Microcystis spp. were 
also the main putative microcystin producers in the Basin of 
Kiihkelyksenselkä of Lake Hidenvesi, although Anabaena 
cell numbers were higher than those of Microcystis. This 
indicates that majority of the Anabaena cells were nontoxic 
and Microcystis cells toxic in this basin. In the Basins of 
Mustionselkä, Nummelanselkä and Kirkkojärvi of Lake 
Hiidenvesi the main microcystin producer could not be 
assessed, since in the Basins of Mustionselkä and Num 
melanselkä, the Anabaena and Microcystis mcyE copy num 
bers were quite similar and in the Basin of Kirkkojärvi the 
Anabaena and Microcystis mcyE copy numbers were below 
the detection limit. The low mcyE copy numbers detected in 
Kirkkojäivi were in agreement with the low microcystin 
concentrations measured from this basin. Microcystin con 
centration correlated positively with Microcystis mcyE copy 
numbers with all studied samples whereas no significant 
correlation was found between microcystin concentrations 
and Microcystis and Anabaena cell numbers with all studied 
samples. Therefore, with microscope analysis it is not pos 
sible to determine reliably the most potent microcystin 
producer of a lake. Gene mcyE copy numbers, microcystin 
concentrations, and cyanobacterial cell densities were lower 
in Lake Hidenvesi than in Lake Tuusulanjärvi. In Lake 
Tuusulanjärvi and in surface water of the Basins Num 
melanselkä and Kiihkelyksenselkä of Lake Hiidenvesi 
WHO microcystin concentration guideline value for drink 
ing water quality, 1 Jug. 1", (Falconer et al., 1999.) was 
exceeded. 
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0156 Microcystis and Anabaena mcyE copy numbers 
were one to over 200 times higher than the cell numbers 
observed with microscopy in Lake TuuSulanjärvi and Lake 
Hiidenvesi. In Lake Tuusulanjärvi Microcystis mcyE copy 
numbers increased after August in contrast to the cell 
density, which decreased. The explanation could be that 
after August cells had more genome copies or that the DNA 
of the lysed cells was present in the lake water and followed 
through the cell concentration and DNA extraction processes 
to the final DNA sample. Additional explanations for the 
high mcyE copy number and cell density ratio might be that 
the cell numbers detected with microscope were too low or 
the genome sizes of the external standard strains were 
underestimated. Even with the knowledge that cyanobacte 
ria may have several genome copies in a cell (Becker, et al. 
2002, Herdman et al., 1979, Labarre et al., 1989), it seems 
that the obtained mcyE copy numbers were too high. The 
genome sizes estimated for the Anabaena standard strains 
were 5.15 Mb according to the published data of Anabaena 
PCC 6309 and PCC 7122 (Castenholz, 2001). These Ana 
baena Strains are nontoxic (Lyra, et al. 2001) and lack the 
microcystin synthetase genes, the sizes of which are not 
more than 53 or 55 kb (Christiansen et al., 2003, Nishizawa 
et al., 2000 and Nishizawa et al. 1999 and Trlinett et al. 2000 
and Example 1). For Microcystis standard strains the 
genome size of 4.70 Mb was used according to the genome 
size of one of the external standard strains, Microcystis PCC 
7941 (Castenholz, 2001). 
0157. In general, nontoxic strains do not contain mcy 
genes (Neilan et al., 1999 and Tillett et al. 2001). However, 
Some strains may have fragments of microcystin synthetase 
genes or mutations within these genes (Kaebernick et al. 
2001, Neilanet al. 1999 and Tillettet al. 2001). These strains 
can be amplified with may primers, although they are not 
able to produce toxins. However, the significant positive 
correlation between Microcystis mcyE copy numbers and 
microcystin concentration indicated that Such nontoxic 
strains were probably not present in Lake TuuSulanjärvi and 
in Lake Hidenvesi. 

0158 Amplification efficiency. Microcystis mcyE QRT 
PCR amplification efficiencies with Lake Tuusulanjärvi 
water samples (0.78-0.99) were similar to those of Micro 
cystis standards (0.86-0.94) and those of Anabaena stan 
dards (0.96-0.99), which is a prerequisite for correct mcyE 
copy number quantification of the lake water samples. These 
similar QRT-PCR amplification efficiencies also ensured 
that no PCR-inhibiting contaminants were present in the 
Lake Tuusulanjärvi DNA samples. However, Anabaena 
mcyE QRT-PCR amplification efficiencies with Lake Tuusu 
lanjärvi water samples were higher than one. This result can 
be explained by competition for primer annealing sites 
between primers and homologous sequences (Becker et al. 
2000, Suzuki et al. 1996, Wawrik et al. 2002) and this 
competition may lead to Suppression of the target DNA 
(Suzuki et al. 1996). This phenomenon has been shown to 
occur not only in conventional PCR (Suzuki et al. 1996) but 
also in QRT-PCR (Becker et al. 2000, Wawrik et al. 2002), 
although quantification is achieved during the early loga 
rithmic phase of the amplification (Heid et al., 1996). 
Anabaena and Microcystis mcyE sequences are homologous 
(Example 2). Since in Lake TuuSulanjärvi the concentration 
of competing Microcystis mcyE genes was higher than that 
of Anabaena mcyE genes, it is possible that the Anabaena 
mcyE copy numbers were underestimated. In addition, the 
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mcyE-F2 forward primer amplified Anabaena as well as 
Microcystis sequences and increased the amount of compet 
ing homologous sequences. 

0159) Detection range of mcyE copy number quantifica 
tion. The mcyE QRT-PCR amplification was log-linear in a 
range of three to four orders of magnitude. With high DNA 
template concentration, 6.6x10" mcyE copies in a reaction, 
amplification was inhibited with the DNAs of Anabaena 90, 
Anabaena 202A1, Microcystis GL 260735, and Microcystis 
PCC 7941 strains, since obtained Ct values were lower than 
they should have been according to the regression equation 
or Ct values could not be detected at all. The inlubition was 
probably caused by contaminants that co-extracted with 
DNA during the DNA extraction and purification as shown 
previously (Wintzingerode et al. 1997). The lowest detection 
limit of Anabaena and Microcystis mcyE QRT-PCR ampli 
fication was 660 mcyE copies in a reaction. The error of the 
Ct values in QRT-PCR has been shown to be higher with low 
DNA template concentrations than with high template con 
centrations (Grintzig et al. 2001). However, in this study the 
lowest mcyE copy number concentrations of the external 
standards had the same CV '% as the other concentrations, 
O. 1-3.6%. 

0160 The utilization of the mcyE copy number results. In 
this study, putative microcystin producing Anabaena and 
Microcystis were detected in both studied lakes. In Lake 
Tuusulanjärvi and in the Basin of Kiihkelyksenselka of Lake 
Hildenvesi the dominant putative microcystin producer was 
Microcystis based on mcyE quantification. Reduction of 
nutrient loading and resuspension (Boers et al. 1991, Chorus 
and 1999, Reynolds, 1997) could be successful strategies to 
decrease the density of Microcystis, since these may 
decrease nitrogen as well as phosphorus concentrations of 
the water. In addition, lower nutrient concentrations could 
favor the growth of nontoxic Microcystis strains instead of 
toxic, since the biomass of nontoxic Microcystis strains has 
been demonstrated to be higher than that of toxic strains with 
low nutrient concentrations at the end of a laboratory 
experiment (Vezie et al. 2002). Lake Hidenvesi seemed to 
have nontoxic and toxic Anabaena Strains as well as toxic 
Microcystis strains. However, mcyE copy numbers should 
be monitored during the whole growth period in order to 
have a better understanding of the population dynamics of 
this lake. A reduction of the external phosphorus loading 
could affect the mass occurrences of nitrogen-fixing cyano 
bacteria negatively. It is however not known how the reduc 
tion of nitrogen fixling-cyanobacteria would affect the 
growth of toxic Microcystis strains. At least, the presence of 
toxic Microcystis Strains should be taken into account in land 
use management of the catchment area of Lake Hidenvesi. 

Oligonucleotides for Detection and Identification of Toxic 
Cyanobacteria 

0161 In this invention was developed the identification 
on mcyE gene region of polymorphisms specific for differ 
ent toxic cyanobacterial groups identified from the phylo 
genetic tree obtained from 34 toxic cyanobacterial 
sequences. The polymorphic positions were used for design 
ing probes for PCR, hybridization, primer extension, liga 
tion and LDR. Probes for ligation have been used in com 
bination with randomly chosen tag sequences appended 5' to 
the so called common primers in order to be used in the 
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universal array approach. Validation against different 
samples demonstrate the robustness of the proposed poly 
morphism and probes. 
Molecular Analysis of Cyanobacterial Diversity by Microar 
rays on “PCR-Amplified” 16SrRNA gene 
0162 We aimed at designing and testing a microarray 
based system for cyanobacterial diversity identification. We 
selected a molecular strategy based on the amplification of 
the 16S rRNA gene region using cyanobacteria specific 
primers (Edwards et al. 1989, Lepreet al. 2000) followed by 
group discrimination based on a multiplexed ligation detec 
tion reaction performed employing proper probes. Ligated 
fragments characteristics of each group were demultiplexed 
on a Universal array. This approach, originally proposed by 
Gerry et al (1999) has found several application. We used the 
ARB database including 281 public sequences belonging to 
the 19 phylogenetic lineages we decided to target (Ana 
baena/Aphanizomenon, Calothrix, Cylindrospermopsis, 
Cylindrospermum, Gloeothece, Halotolerants, Leptolving 
bya, Lyngbya, Microcystis, Nodularia, Nostoc, Oscillatoria/ 
Planktothrix, Phormidium, Prochlorococcus, Spirulina, 
Synechococcus, Synechocystis, Tinichodesmium, Woroni 
chinia). Not all of these groups are present in the environ 
mental samples from the lakes involved in the MIDI-CHIP 
project but all them were included in order to allow for 
future research studies. Sequences were clustered as shown 
in FIG. 25. For each group we calculated a consensus 
sequence with a cutoff of 75%. The resulting consensuses 
were aligned and group specific probes were searched along 
the entire 16S rRNA gene region. Following the LDR 
approach (FIG. 26) we identified two unique probes for 
every group (a common probe and a discriminating probe). 
Selected probes were tested against the set of sequences of 
the corresponding group in order to Verify the perfect match, 
in particular around the site of ligation. Then probe 
sequences were tested against the remaining cyanobacterial 
sequences in order to verify their selectivity. Selected probes 
are spread all over the entire 16S amplicon. Selected com 
mon probes were then randomly combined to a set of 
cŽipCode sequences previously proposed for the Universal 
array approach (Gerry et al 1999, Chen et al 2000). Potential 
cross hybridization was checked by BLAST analysis of each 
common and discriminating probe against all others. Probes 
were then synthesized, HPLC purified and tested by mass 
spectrometry. This stringent quality assurance procedure is 
mandatory to achieve expected results in LDR. Ordinary 
PCR quality probes yielded poor performance due to low 
phosphorilation or Cy3 labeling and exceedingly high fail 
ure sequences. Similar quality controls were performed on 
the 5' amino-modified ZipCode sequences spotted by con 
tact printing on Codelink Slides. We generated 8 subarrays 
per slide (96 spots per Subarray including Zipcodes for a 
hybridization control (eight spots at corners), cyanobacterial 
universal probes (12 spots in the middle and at corners) and 
19 lineage-specific ZipCodes spotted in quadruplicate. 
Slides were batch-tested by hybridization using a labeled 
polyT probe matching the polyA tail appended in 5' to every 
ZipCode probe. In order to validate the designed probes we 
run a blank (no template) LDR. No signals were detected 
demonstrating that no false ligation occurred (this problem 
is often encountered when performing miniseduencing (Lin 
droos, 2002). Then 51 strains of known 16S rRNAsequence 
belonging to 13 phylogenetic groups (FIG. 33) were used to 
test the proposed system. FIG. 28 clearly illustrates LDR 
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specificity when using 100 fmol of each single template 
independently reacted against the complete set of probes. 
Six out of 19 groups were not included in the test panel due 
to their unavailability but their corresponding LDR probes 
were present in the LDR mix and did not generate any false 
positive result. It should be noted that, although not identi 
cal, the LDR/Universal array efficiency was very similar 
among all probes. Comparing the intensity between the 
cyanobacterial universal probe and each lineage specific 
probe, we found a ratio very close to 1 for most groups. 
(Here a graph showing this comparison could be more clear 
that the following-description). Probes for Lyngbya, Nodu 
laria, Anabaena and Cyanotizece (FIG. 28 D. F., N, O 
respectively) consistently yielded higher efficiency. How 
ever the similarity of results using very different sequences 
having very close thermodynamic properties is a distinctive 
feature of this approach. Hybridization based arrays Loy, 
2002; Rudy K. 2000) depend heavily on local sequence 
characteristics. When hybridization is performed in high salt 
buffers in a single stringency condition, large variability in 
signal intensity can be expected (Loy, 2002). On the con 
trary, using the exquisite sequence specificity of the ligation 
reaction (Gerry, 1999) and the very high annealing tempera 
tures required during cycling, a very homogeneous behav 
iour is found. Very little influence of the sequence context 
has been demonstrated. Our results in a different sequence 
context, the highly polymorphic HLA region (Consolandi, 
2003) further confirm these findings. Another distinctive 
feature of the LDR approach is related to the excellent 
sensitivity gained by means of a cycling procedure based on 
thermostable ligases. We were able to detect down to 1 fmol 
(around 2 ng) of PCR amplified material thanks to the linear 
amplification gained through LDR. FIG. 31 show the results 
we obtained using a serial dilution of Planktothrix 16S 
amplicon from 100 fmol to 1. A good linear relationship was 
found plotting the signal intensity against the concentration 
in a log scale. 
0163 The Universal array was used for the detection of 
toxic and non-toxic cyanobacteria designed to detect both 
the 16 rRNA and mcyE gene ligated probes. The ligation 
detection reaction was carried out under the same conditions 
by using an oligo mix containing both the probes for 16S 
rRNA gene and the probes for the mcyE gene. Finally the 
hybridization was carried on the same Universal Array 
where the 16S rRNALDR product and, mcyE LDR product 
were detected. 

EXAMPLES 

Example 1 
Genes Coding for the Synthesis of Hepatotoxic Heptapep 
tides (Microcystins) in the Cyanobacterium Anabaena 
Strain 90 

Bacterial Strains and Culture Conditions 

0164. The cyanobacterial strain Anabaena 90 was iso 
lated from Lake Vesijärvi, Finland and purified axenic 
(Sivonen et al., 1992: Rouhiainen et al., 1995). It was shown 
to produce three microcystins (MCYST-LR, MCYST-RR 
and D-Asp-MCYST-LR (Sivonen et al., 1992). Anabaena 
strain 90 was grown in Z8 medium (Kotai, 1972) without 
nitrate at ~22° C. with continuous illumination of 20-25 
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umol ms'. Escherichia coli strain DH5 C, which was 
used as a host for DNA cloning and sequencing, was 
cultured in Luria Broth at 37° C. 

DNA Manipulations, Sequencing, Screening and Mapping 
of Cosmids 

0.165 Extraction of cyanobacterial DNA and the prepa 
ration of genomic library has been described earlier (Rou 
hiainen et al. 2000). The genomic library was screened by 
colony hybrdization (Sambrook et al., 1989). The probe 
labelled with PdCTP was a 2.5 kb fragment from mcy.A 
of Microcystis aeruginosa provided by Dr. Elke Dittmann 
(Humboldt University, Berlin). A total of about 6,000 colo 
nies were tested. The insert DNA of 29 positive cosmid 
clones was mapped with HindIII, EcoRI and Spel. The ends 
of 18 inserts were sequenced with SP6 and T7 primers, and 
the cosmid clones for sequencing the microcystin synthetase 
genes were selected. DNA of the cosmid clones was digested 
with restriction enzymes BstEII, HindIII, EcoRI, Scal, Spel 
or Xbal and ligated to pBluescript SK(+). Nested deletions 
and other DNA manipulations were performed according to 
Sambrook et al., (1989). Sequencing was carried out mainly 
by the University of Chicago Cancer Research Center DNA 
Sequencing Facility. Gaps were filled by amplifying chro 
mosondal DNA in PCR with DyNAZymeTM EXT Poly 
merase (Finnzymes), the sequencing reactions were done 
with the BigDye Terminator Cycle Sequencing Kit (Applied 
Biosystems) and analyzed on the ABI 310 Genetic Analyzer. 
The standard T3 and T7 primers and oligonucleotides 
derived from already determined sequences were employed. 
Sequence Analysis 

0166 Analysis and comparisons of sequences were per 
formed with the Sequence analysis Software package, Ver 
sion 8.0, University of Wisconsin Genetics Computer Group 
and with EMBOSS (European Molecular Biology Open 
Software Suite). CAP program (http://bioweb pasteur.fr/se 
ganal/interfaces/cap.html) was used for sequence assembly. 
Sequence similarity searches in databases were done with 
BLAST through the website of the National Center for 
Biotechnology Information http://www.ncbi.nlm.nih.gov/ 
BLASI). Searches for conserved domains and motifs were 
accomplished with the CD-Search program (http://ww 
w.ncbi.nlm.nih.gov/Structure/cdd/cdd.sht and with the 
Motif Scan program (http://hits.isb-sib.ch/cgi-bin/PFS 
CAN'?). Clustal W was applied for multiple sequence align 
ments (http://mpsa-pbilibcp.fr/cgi-bin/mpsa automat 
..pl?page=npsa clustalw.html). 

Organization of the Microcystin Synthetase Genes 

0.167 Microcystin synthetase genes in Anabaena strain 
90 (mcy A-J) are organized in three putative operons (FIG. 1) 
with a total size of 55.4 Kb. The first operon (mcy A-mcyB 
mcyC) is transcribed in the opposite direction compared to 
the second (mcyG-mcyD-mcyJ-mcyE-mcyF-mcyI) and the 
third operon (mcyH). The ORFs mcyA and mcyG are 
separated by 1275 bp; mcyI and mcyH by 297 bp (FIG. 1). 
The putative promoter regions were identified in front of 
mcy A (the -10 sequence, TAAATT, 315 bp and the -35 
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sequence, TTGTAT, 339 bp upstream from the translation 
start codon, ATG, of mcyA) and in front of mcyG (the -10 
sequence, TATA AG, 145 or 223 bp and the -35 sequence, 
TTGACA, 172 or 250 bp upstream from the potential 
translation starts of mcyG). The promoter region was also 
identified before mcyH (the -10 sequence, TATAAA, 57 or 
216 bp and the -35 sequence, TTGATA, 79 or 238 bp from 
the Suggested translation initiation codons). Transcriptional 
starts prior to mcyD (distance 93 bp from mcyG), mcyE (37 
or 95bp from mcyJ), mcyF (42 bp from mcyE) and before 
mcyI (51 bp from mcyF) cannot be ruled out, although no 
transcription stop loops were identified following the pre 
ceding genes, and no Pribnow box could be identified in 
front of mcyD. 

0168 Characterization of the Peptide Synthetase Genes 
0169. In the first operon there are three open reading 
frames (ORFs) named mcyA, mcyB, and mcy. We Suggest 
that the translation of mcy. A starts with the ATG codon 
preceded (3 bp) by a potential ribosome binding site (RBS) 
GGAGAAG. The next ORF, mcyB, begins with an ATG 
codon 18 bp downstream from the previous stop codon 
(TAA) and 12 bp from a potential RBS AGAGGA. mcyC is 
overlapped by mcyB with one base pair. A putative RBS 
(ACGACAAG) is found 5bp before the start codon ATG of 
mcyC. The lengths of mcy A. mcyB, and mcyC are 8364, 
6399 and 3852 bp and they encode polypeptides with 
predicted masses of 315,663, 243,072, and 146,877 Da, 
respectively. The sequence analysis of mcA, mcyB, and 
mcyC revealed a typical modular structure for nonribosomal 
peptide synthetase (NRPS) genes (Marahiel et al., 1997) 
(FIG. 1). mcy. A contains two putative adenylation and 
thiolation domains, a condensation, an N-methyltransferase, 
and an epimerization domain. In mcyB there are two mod 
ules, both include condensation, adenylation, and thiolation 
domains. mcyC is composed of one module, containing a 
condensation, an adenylation, a thiolation, and a thioesterase 
domain (FIG. 1). 
Identification of the Polyketide Synthase Genes 
0170 The second operon contains six ORFs named 
mcyG-mcyD-mcyJ-mcyE-mcyF-mcyLA Suggested transla 
tion start codon (ATG) of mcyG is located 8 bp downstream 
of a probable RBS (ACAGGA) giving an ORF (7827 bp), 
which could code for a protein of 2609 amino acids with a 
predicted mass of 289,859 Da. Another possible initiation is 
at an ATG, 75 bp upstream from the previously proposed 
start and 5 bp after a putative RBS (AAGGCA). This ORF. 
(7905 bp) possibly encodes a protein of 2635 amino acids, 
292,851 Da. The ORFs mcyG and mcyD are separated by 96 
bp. The translation of mcyD starts probably at an ATG codon 
6 bp after a potential RBS (GGAAGGAG), consequently the 
size of this large ORF is 11,607 bp, encoding 3869 amino 
acids. Following the stop codon TAG of mcy J there are 36 
bp prior to a presumed ATG initiation codon of mcyE, which 
is preceded (5 bp) by a possible RBS (GCGGACAA). An 
alternative ATG start codon for mcyE is 57 bp downstream 
from the previously proposed one and 3 bp from a possible 
RBS (AATGGAGG). The two versions (10,446 bp and 
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10,386 bp) of this large ORF, mcyE. could code for polypep 
tides of 3482 amino acids, 388,755 Da and 3462 amino 
acids, 386,501 Da, respectively. The ORF mcyD encodes a 
polypeptide of 3869 amino acids with the predicted mass of 
430,216 Da. mcyD was identified as a polyketide synthase 
(PKS) gene, whereas mcyG and mcyE have a combined 
NRPS/PKS gene structure (FIG. 1). 

The Additional Genes 

0171 We suggest that the ORF mcy J is initiated with a 
GTG codon 59 bp downstream of the stop codon (TAA) of 
mcyD, and 5 bp from a putative Shine-Dalgarno sequence 
AGGAGAG. There is no ATG codon located nearby. 
Accordingly, mcy J is predicted to be 930 bp in length. 

0172 A small ORF, mcyF. (756 bp), following mcyE, 
begins with an ATG codon 42 bp after the previous stop 
codon TAG and 6 bp from a putative RBS (GGAGAA). The 
distance between mcyF and the next ORF, mcyI, (1011 bp) 
is 54 bp, and an alleged RBS (AAGGTTAA) is found 6 bp 
upstream from the designated start codon ATG of mcyI. 
Downstream (295 bp) from the stop codon (TAA) of mcyI 
an ORF, mcyH, (1776 bp) was found. It presumably is 
initiated from the ATG codon 6 bp after a potential RBS 
(AAGATG). Another possible translation start codon (ATG) 
is found 159 bp downstream from the former one and 4 bp 
from a putative RBS (AGGCATGG). The sizes of these 
potential McyFI polypeptides of 592 and 539 amino acids 
are 67,731 Da and 61,754 Da, respectively. mcy.J. mcyF and 
mcyI encode polypeptides of 310,252 and 337 amino acids 
with predicted masses of 35.812, 28,426, and 36,750 Da. 
respectively. McyF is similar to aspartate racemases, Mcy J 
belongs to methyltransferases, and Mcy I is related to D-3- 
phosphoglycerate dehydrogenases. McyFI contains a mem 
brane spanning and an ATP-binding domain of ABC trans 
porters. A BLAST search of McyFH found 75% identity (in 
589 aa) to NosG from Nostoc sp. GSV224 (AF204805) and 
39% identity (in 543 aa) to the hypothetical ABC transporter 
ATP-binding protein SLL0182 of Synechocystis sp. PCC 
6803 (Q55774). 

Comparison of Microcystin Synthetase Genes 

0173 The microcystin synthetase genes were previously 
sequenced from M. aeruginosa strains PCC7806 (mcyA 
mcy.J. Tillett et al., 2000), K-139 (mcy A-mcyI, Nishizawa et 
al., 2000) and UV027 (mcy A-mcyC, Raps et al., unpub 
lished, accession no. AF458094), and from Planktothrix 
agardhi CYA126 (Christiansen et al., 2002). When Ana 
baena 90 sequences were compared to M. aeruginosa 
sequences, they revealed 65 to 75 (mcyJ 80%) percent 
identities at the amino acid level and 69 to 75 (mcyJ 79%) 
percent identities at the nucleotide level (Table 1). The 
arrangement of the microcystin synthetase genes from mcyD 
to mcy J in Anabaena 90 is different from the organization in 
M. aeruginosa PCC7806, in M. aeruginosa K-139 (known 
from mcyD to mcy I) and in Planktothrix agardhii CYA126. 
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Percentage identity of the microcystin synthetase genesipolypeptides from 
Anabaena strain 90 with the genesipolypeptides sequenced from other 

Cyanobacteria and the mol % G + C of the genes. 

Incy/Mey" 

A. B C D E F 

M. aeruginosa PCC7806 
mol % G + C 41 39 37 40 39 38 
M. aeruginosa K-139 

H I J 

69/68 7269 74f73 72.69 75,74 71.65 74f71 74f70 74.71 79/80 
35 40 39 

69/68 71.69 74f73 72.69 75.75 71.65 74f71 74f70 74.72 
mol % G + C 41 39 37 40 39 37 36 39 
M. aeruginosa UVO27 69/68 73.71 74f73 
mol % G + C 41 39 37 
Pagardhi CYA126/8 67 66 727O 80,79 77f73 78,77 77/74. 78.75 81.82 
mol % G + C 45 39 35 38 38 35 37 
Anabaena 90 mol % G + C 41 38 37 40 38 34 36 38 39 

References for the sequences: Microcystis aeruginosa PCC7806, Tillett et al., 2000; M. aeruginosa 
K-139, Nishizawa, et al., 2000; M. aeruginosa UVO27, Raps et al., unpublished, AF458094; Plankto 
thrix agardhi CYA126/8, Christiansen et al., 2003. 

0.174. When the microcystin synthetase genes were com 
pared to the anabaenopeptilide synthetase genes of Ana 
baena 90, the highest similarity, 54%, was between mcyC 
and apdD. 
0175. In the genome databases of Anabaena 7120 (http:// 
www.kaZusa.or.jp/cyano/Anabaena/search.html) and Nostoc 
punctiforme (http://www.igi.doe.gov/JGI microbial/html/ 
nostoc/nostoc homeoage.html) no genes were found with 
more than 50% identity to the microcystin synthetase genes 
at the amino acid level. There are two sequences in the 
genome database of Anabaena/Nostoc 7120 named “micro 
cystin synthetase B on account of similarity to mcyB of 
Microcystis aeruginosa (AY034602): all2643 (ID:3312, 
3309 bp) and a112647 (ID:3317,3261 bp), (identity: 47.0%, 
positive: 65.5% and identity: 43.9%, positive: 61.9%, 
respectively). The matches of these sequences with mcyB of 
Anabaena 90 are 53% and 51% at the gene level. The 
translated peptides are 49%/66% and 43%/61% identical/ 
similar, respectively. 

0176) The G+C content of the microcystin synthetase 
gene cluster (56 kb) from Anabaena 90 is 39%, is lower than 
the value, 43%, for the region of the anabaenopeptilide 
synthetase (39 kb) (Rouhiainen et al., 2000). These figures 
are in the limits of the mol% G+C values 43.9, 39.1 and 42.3 
for the type strains Anabaena cylindrica (PCC 7122), Ana 
baena flos-aquae (12CC9332) and for the reference strain of 
Anabaena cluster 2 (PCC 7108), respectively (Rippka et al., 
2001). 
Substrate Specificity of the Adenylation Domains 
0177. The substrate specificity-conferring amino acids in 
the adenylation domains of the microcystin synthetases of 
Anabaena 90, Pagardhi CYA126, M. aerginosa PCC7806, 
K-139, and UV027 were assessed according to Stachelhaus 
et al., (1999) (Table 2). The substrate specificity codes of the 
modules Mcy A-1, Mcy A-2, McyB-2 and of the nonriboso 
mal peptide synthetase (NRPS) modules in McyG and mcyE 
are identical or nearly identical in all the sequenced micro 
cystin Synthetases (able 2). 

TABLE 2 

Specificity-conferring amino acids (signature sequences) of the adenylation 
domains in the microcystin Synthetases from different cyanobacterial strains. 

Module Strain 

Anabaena 90 
M. aeruginosa 7806 
M. aeruginosa K-139 
M. aeruginosa UV027 
Pagandhi CYA 126/8 
Anabaena 90 
M. aeruginosa 7806 
M. aeruginosa K-139 
M. aeruginosa UV027 
Pagandhi CYA 126/8 
Anabaena 90 
M. aeruginosa 7806 
M. aeruginosa K-139 
M. aeruginosa UV027 
Pagandhi CYA 126/8 
Anabaena 90 
M. aeruginosa 7806 
M. aeruginosa K-139 

McyA 2 

McyB 1 

MCyB 2 

Activated 
amino acid 

Reference 
template 

Signature 
sequence' Precedent SS 

DVWSLD 
DVWFSLD 
DVWFSLD 
DVWFSLD 
DVWSLD 
DLFNNALTY 
DLFNNALTY 
DLFNNALTY 
DLFNNALTY 
DLFNNALSY 
DVWFFGLVD 
DAWFLGNVV 
DAWFLGNVV 
DVWTGAVE 
DALFFGLVD 
DARVGIFV 
DARVGIFV 
DABVGFV 

DVWHLSLD Ser 
DVWHFSLVD 

SyrE (1,2) 
EntF, MycC (1, 23) 

DLFNNALTY Ala BlmIX, MxA (4, 5) 

DAWFLGNVW Leu BacA, Lic.A., LichB, 
SrFA (1) 

(Arg) 

no precedents (Asp/MeAsp) 



US 2007/0059699 A1 

TABLE 2-continued 

16 
Mar. 15, 2007 

Specificity-conferring amino acids (signature sequences) of the adenylation 
domains in the microcystin Synthetases from different cyanobacterial strains. 

Signature 
Module Strain sequence" Precedent SS 

M. aeruginosa UV027 DARVGIFV 
Pagardhi CYA 126/8 DPRHVGIFI 

McyC Anabaena 90 DVWCFGLVD 
M. aeruginosa 7806 DVWTIGAVD 
M. aeruginosa K-139 DVWTIGAVE no precedents 
M. aeruginosa UV027 DVWTIGAVD 
Pagardhi CYA 126/8 DPWGFGLVD 

McyG Anabaena 90 GAFWVAASG 
M. aeruginosa 7806 GAFWVAASG no precedents 
M. aeruginosa K-139 GAFWVAASG 
Pagardhi CYA 126/8 GAFWVAASG 

McyE Anabaena 90 DPRSGVVG 
M. aeruginosa 7806 DPRHSGVVG no precedents 
M. aeruginosa K-139 DPRSGVVG 
Pagardhi CYA 126/8 DPRHSGVVG 

Activated Reference 
amino acid template 

(Arg) 

(Glu) 

Nine variable amino acids of the signature sequences determined as described by Stachelhaus et al., 1999. 
Bold letters indicate the residues, which are identical with the amino acids of the signature sequence from Ana 
baena 90. 
1. Stachelhaus et al., 1999, 2. Challis et al., 2000, 3. Duitman et al., 1999. 
4. Du et al., 2000, 5. Silakowski et al., 2001. 

0178 There are, however, more differences in the speci 
ficity codes of variable amino acids activating McyB-1 and 
McyC module. The substrate specificity regions of the 
adenylation domains (corresponding amino acids 235-331 
of GrSA, Stachelhaus et al., 1999) in Mcy A. McyB and in 
McyC from Anabaena 90, Pagardhii and from Maerugi 
nosa were compared by using the algorithm of Smith and 
Waterman in the EMBOSS program package. The substrate 
specificity regions of Mcy A, of the second module of McyB 
(McyB-2) and of McyC are highly conserved. In Anabaena 
90 and M. aeruginosa, the identity/similarity values are 
80/90% for Mcy A, 86/92% for McyB-2 and 70/80% for 
McyC. Between Anabaena 90 and Pagardhi the identity/ 
similarity for the substrate specificity region of McyC is 
higher, 85/88%, but lower for the second module of Mcy A. 
73/83%. The substrate specificity region of McyB-1 is 
considerably less conserved between Anabaena 90 and M. 
aeruginosa PCC7806, 29/53% than between Anabaena 90 
and Maeruginosa UV027, or Pagardhi, 66/80%. 
Activities Encoded by mcyG. mcyD and mcyE of Anabaena 
90 

0179 Motif scan at Prosite (Database of protein families 
and domains) and at Pfam (Protein families) database (http:// 
hits.isb-sib.ch/cgi-bin/PFSCAN) and Conserved Domain 
(CD) search at NCBI (http://www.ncbi.nlm.nih.gov/Struc 
ture/cdd/wrpsb.cgi) were used to discover the putative func 
tions of McyG. mcyD and McyF. In the N-terminal part of 
McyG a NRPS module was identified, which contains an 
adenylation domain and a thiolation (phosphopantetheline 
carrier) domain. Next to this, toward the C-terminus there 
are four polyketide synthase (PKS) domains: B-ketoacyl 
synthase (KS), acyltransferase (AT), ketoreductase (KR) and 
acylcarrier protein (ACP), in this order. Between AT and KR 
domains there is a C-methyltransferase, MeT/CM) domain 
(FIG. 1). McyD contains two modules of the type I 
polyketide synthases. The first module consists of KS, AT, 
dehydratase (DH), MeT (CM) (FIG. 1), KR and ACP 
domains; and module two has KS, AT, DKKR and ACP 

domains, in the presented orders. mcyE is the other mixed 
PKS/NRPS, including PKS domains KS, AT, ACP and MeT 
(CM) (FIG. 1: FIG. 2A). These are followed by a unique 
aminotransferase domain (AMT) (FIG. 1: FIG. 2B) found in 
other microcystin synthetases (Tillet et al., 2000; Chris 
tiansen et al., 2003), and also in the synthetases of myco 
subtilin (Duitman et al., 1999) and iturin (Tsuge et al., 2001) 
of Bacillus subtilis. At the N-terminal region, subsequently 
there is a NRPS module comprising of two condensation 
domains, an adenylation and a thiolation (peptidyl carrier) 
domain (FIG. 1). 

Ketoreductase and Dehydratase Domains 

0180. The activity of the KR domains of McyG (one) and 
McyD (two) can be predicted from the microcystin syn 
thetases structure, and they have the NAD cofactor binding 
motif, GXGXX(G/A)(X)(G/A)MCX)G, common to oxi 
doreductases (Scrutton et al., 1990). (FIG. 3B) The DH 
domains in the modules of McyD (AMCD-DH2 and 
AMCD-DH3) contain the active site motif H(X)D(X)P 
and H(X) GCX)P, respectively (FIG. 3A). The motif in 
AMCD-DH3 is identical to the consensus sequence (Apari 
cio et al., 1996). The motif H(X), D(X)P, where Gly is 
substituted by Asp, is also found in the active DH domain of 
module 10 in rifamycin synthase (Tang et al., 1998) (FIG.3). 
This Supports the conclusion based on the microcystin 
structure, that the DH domains in McyD are functional. 

Specificity of the Acyl Transferase Domains 

0181 From the structure of the microcystins it is possible 
to conclude that the single AT domains of McyG and McyF. 
and the first AT domain of McyD, load methylmalonyl-CoA. 
But the presence of methyltransferase domains in McyG, 
McyD and mcyE wig. 1, FIG. 2A) Suggests that the loading 
unit can be malonyl-CoA. Regions have been identified in 
AT domains, where the sequences are different depending on 
the specificity for either malonyl-CoA or methylmalonyl 
CoA (FIG. 4) (Ikeda et al., 1999). By analysing the 
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sequences of the acyltransferase domains (FIG. 4) and 
comparing them with the AT domains of Soraphen and 
rapamycin synthases, which utilize malonyl Subunits, we 
concluded that all the AT domains of microcystin synthetase 
load malonyl units. The methyltran?ferase domains of McyG, 
McyD and mcyE carry out three methylations in the posi 
tions indicated with arrows (FIG. 1). The CD search relates 
these domains to the UbiE/COQ5 C-methyltran?ferase fam 
ily. 

Ketosynthase and Acylcarrier Protein Domains 

0182. The active site cysteine and the two histidine 
residues which are present in polyketide synthases (Aparicio 
et al., 1996) were found in the KS domains of McyG, McyD 
and McyF. (FIG. 5A). The only ACP domain of McyG and 
the first ACP domain of McyD have the active site sequence 
MGXDS, where a methionine residue replaces the com 
monly identified leucine residue (FIG. 5B). There are also 
variations in this position of the rifamycin synthase (ranget 
al., 1998). The ACP domain from the second module of 
McyD has the active site motif LGLNS (FIG. 5B), where 
ASn takes the place of the generally found Asp as in the 
module 11 of the rapamycin synthase (Aparicio et al., 1996). 

The Order of the Genes in the Microcystin Synthetase Gene 
Cluster is Different in the Cyanobacterial Species 

0183 The arrangement of the genes is different in the 
gene clusters of microcystin biosynthesis from the strains of 
three species. In Anabaena Strai 90, Microcystis aeruginosa 
(Tillett et al., 2000; Nishizawa et al., 2000) and in Plank 
tothrix agardhi CYA126 (Christiansen et al., 2003) the 
NRPS genes, mcy A. mcyB and mcyC have the same order, 
but the organization of the other genes is different. In 
Anabaena strain 90 and in M. aeruginosa the mcy-genes are 
in two clusters, which are transcribed in opposite directions, 
whereas in Pagardhi they are in one cluster transcribed in 
the same direction (except mcyT, which was not found in 
Anabaena and Microcystis). The arrangement of the genes 
from mcyD to mcyH in Microcystis is almost identical in 
Planktothrix (mcyF is missing in Planktothrix), but it differs 
from the order in Anabaena. In Planktothrix, compared to 
Microcystis, the part containing mcyD. mcyE. mcyF. mcyG, 
mcyH. mcyI and mcy J is reversed. In this rearrangement, 
mcyF and mcyI were lost from the cluster and mcy J was 
relocated after mcyC. 

The Biosynthesis of Microcystins 

0184 In Anabaena, the order of the domains coded by the 
genes in the two sets is co-linear with the hypothetical 
sequence of the enzymatic reactions for microcystin biosyn 
thesis (FIG. 1). The progression of the biosynthetic reactions 
follows the order of the functions coded first by mcyG and 
continuing with the activities coded by mcyD. mcy.J. mcyE. 
mcyF. mcyI, mcyA, mcyB and mcyC. 

0185. Phenyl acetate is the assumed staring unit in the 
biosynthesis of Adda (Moore et al., 1991). It is activated by 
the adenylating domain identified in the N-terminus of 
McyG, and transferred onto the subsequent thiolation (phos 
phopantetheline binding) site. Polyketide synthesis reactions 
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are followed (FIG. 1). All four extension units are malonyl 
CoA molecules according to the substrate specificity of the 
AT domains (FIG. 4). In McyG there is a KS domain to 
catalyse the first condensation reaction between phenylac 
etate and malonyl-CoA. 

0186 The reductive reactions needed to fashion the 
polyketide chain are putatively catalysed by KR and DH 
domains of McyD and McyF. The KR domain of McyG is 
in the right position to reduce the carbonyl group of the 
putative starter molecule. The methyltransferase domains of 
McyG, McyD and mcyE are the obvious candidates to 
introduce three methyl groups into the carbon frame of 
Adda. It was recently verified with a knockout mutant 
(Christiansen et al., 2003) that the incorporation of the 
fourth methyl, which is seen in the methoxy group of Adda, 
is catalysed by Mcy.J. The amino transferase domain of 
mcyE most likely adds the amino group, which participates 
in the peptide bond with the glutamate residue. 

0187. There are two condensation domains of peptide 
synthetases in McyF. The first one logically catalyses the 
peptide bond between Adda and glutamate, which is acti 
vated by the adenylation domain of McyF. The signature 
sequence, which was also determined as DPRHSGVVG for 
McyF. of both M. aeruginosa and P agardhii, has no 
precedents in the databases (Table 2). The synthetases of 
other peptides, which contain glutaryl residues are known 
for bacitracin, fengycin and Surfactin (accession numbers: 
AF007865, AF023464, AF087452 and D13262). In these 
compounds the standard C-carboxyl of glutamate is part of 
the peptide bond, while in microcystins it is the Y-carboxyl. 
This is analogous to the activation of aspartate/methylas 
partate by the second adenylation domain of McyB. The 
B-carboxyl of aspartate/methylaspartate instead of the C-car 
boxyl is engaged in the peptide bond formation. This must 
have impact on the compositions of the glutamate and 
aspartate/methylaspartate binding pockets in the adenylation 
domains. 

0188 Mcy A has two adenylation domains for the acti 
Vation of serine and alanine, respectively. The signature 
sequences of these domains have models and are almost 
identical in Anabaena 90, M. aeruginosa and P agardhhi 
(Table 2). The dehydration of serine supposedly takes place 
after the activation by adenylation and is catalysed by McyI, 
which is similar to phosphoglycerate dehydrogenases. 

0189 There is only one, internal, condensation domain in 
Mcy A, which most likely links dehydroserine and D-ala 
nine. The bond between glutamate and dehydroserine is 
putatively catalysed by the C-terminal condensation domain 
of McyF. There is a methyltransferase domain in the first 
module of McyA for N-methylation of dehydroserine. The 
epimerase domain at the C-terminus of McyA converts 
L-alanine to the D-form. 

0190. Two modules of McyB and one module of McyC 
logically activate, and add three residues to the nascent 
peptide chain: L-leucine or L-arginine, methylaspartate or 
aspartate and L-arginine, respectively (FIG. 1). The amino 
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acids activated by the adenylation domains of McyC and by 
the first module of McyB (McyB-1) vary most frequently in 
microcystins. M. aeruginosa PCC7806 and M. aeruginosa 
K-139 produce mainly Mcyst-LR, and the substrate speci 
ficity conferring sequences in McyFB-1 of these strains are 
identical with the signature sequence for leucine (Table 2). 
M. aeruginosa UV027 and P agardhi CYA126 produce 
mostly Mcyst-RR, which is also produced by Anabaena 90 
together with Mcyst-LR. Their signature sequences in 
McyB-1 are different and have no precedents in the data 
bases (Table 2). In M. aeruginosa UV027 the specificity 
codes of McyB-1 and McyC are almost identical (DVWTI 
GAVE/DWTIGAVD) and match with the codes of McyC 
from M. aeruginosa K-139 and M. aeruginosa PCC7806, 
respectively (Table 2). Accordingly McyB-1 of M. aerugi 
nosa UVO27 and McyC activate arginine. 
0191 There is no epimerase domain in McyB of Ana 
baena 90 or in the other sequenced versions of McyB, 
though in microcystins, the aspartyl or methylaspartyl moi 
ety is in the D-form. The epimerization in this position and 
in the glutamyl residue is putatively catalysed by McyF. 
which in a BLAST search was similar to aspartate race 
mases, and was shown by Nishizawa et al., (2001) to 
complement a D-glutamate deficient mutant of Eschericia 
coli. The C-terminal thiosterase domain of McC, as gener 
ally in nonribosomal peptide synthesis, (Kohli et al., 2001) 
catalyzes the final step in microcystin biosynthesis, the 
cyclization of the linear peptide (FIG. 1). 
0192 McyFI is probably not needed for the synthesis of 
microcystins but it may participate in the transport of 
microcystins. 

Example 2 
Taxon Sampling, Amplification and Sequencing 

0193 Genomic DNA from 36 strains of Anabaena, 
Microcystis, Planktothrix, Nodularia, and Nostoc was 
extracted. We chose three regions of the microcystin syn 
thetase gene cluster to study the evolution of this biosyn 
thetic system in cyanobacteria. A fragment of 291-297 bp 
from the mcyA gene was amplified with mcyA-Cd 1R 
(5'-aaaagtgttittattagcggcticat-3') and mcyA-Cd 1F (5'-aaaat 
taaaag.ccgtatcaaa-3") primers and sequenced as described 
earlier (Hisbergues et al. 2003). An 818 bp region of the 
mcyD gene was amplified with mcyDF (5'-gatccgattgaatta 
gaaag-3") and mcyDR (5'-gtattocccaagattgcc-3") primers. An 
809-812 bp region of the mcyE gene was amplified with the 
mcyE-F2 (5'-gaaatttgtgtagaaggtgc-3") and mcyE-R4 (5'-aat 
totaaag.cccaaagacg-3") primers. The mcyE PCR products of 
Nodularia sp. strains were cloned with the TOPO TA 
cloning kit (Invitrogen) according to the manufacturers 
instructions. The rpoC1 gene fragment of 750 bp was 
amplified with degenerate primers RF (5'-tgggghgaaagna 
caytncctaa-3") and RR (5'-gcaaancgtccinccatcyaaytgba-3'). 
PCR reactions for mcyE, mcyD and rpoC1 were performed 
in a 20 ul final volume containing 1 ul of DNA, 1xDy 
naZyme II PCR buffer, 250 uM of each deoxynucleotide, 0.5 
uM of both PCR primers, and 0.5 U of DynaZyme II DNA 
polymerase (Finnzymes, Espoo, Finland). The following 
protocol was used: 95°C., 3 min:30x(94°C., 30 sec; 56°C., 
30 sec; 72°C., 1 min); 72°C., 10 min. A region containing 
the 16S rRNA gene and the internal transcribed spacer 1 
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(ITS1) was amplified using primers and conditions 
described earlier (Lepére et al., 2000) from strains, for which 
the 16S rRNA sequence data was not available. The mcyD 
and mcyE gene products were sequenced directly with 
primers used for amplification except for the cloned mcyE 
sequences of Nodulria sp. strains, which were sequenced 
with primers anchored in the pCR2.1-TOPO vector, M13F 
(-20) and M13R. The rpoC1 gene products were sequenced 
with the amplification primers and with two additional 
internal sequencing primers RintF (5'-gatatgcccctg.cgggatgt 
3') and RintR (5'-acatcccgcaggggcatatc-3"). The 16S rRNA 
gene region of the amplified PCR products was sequenced 
directly using sets of internal primers (Edwards et al., 1989). 

0194 Sequencing of the mcyD. mcyE and 16S rRNA 
genes was performed by Genome Express (France). The 
rpoC1 products were sequenced with ABI PRISM 310 
Genetic Analyzer. The mcyA sequences were assembled as 
described by Hisbergues at al. The chromatograms of mcyD. 
mcyE. rpoC1 and 16S rRNA gene sequences were checked 
and edited with Chromas 2.2 program (Technelysium Pty 
Ltd.). Contig assembly and alignment of the sequences were 
performed with BioEdit Sequence Alignment Editor (Hall et 
al., 1999). 
Phylogenetic Analyses 

0.195 Primer sequences and ambiguous regions of the 
alignments were excluded. The aligned data sets were the 
following lengths: mcy A (99 amino acids), mcyD (286 
amino acids), mcyE (270 amino acids), rpoC1 (750 bp) and 
16S rRNA (1455 bp). These sequences were combined with 
the sequence available from Microcystis aeruginosa PCC 
7806 (Tillett et al., 2000). and Planktothrix agardhi NIVA 
CYA 126/8 (Christiansen et al., 2003). 

0.196 Outgroups for each of the three microcystin syn 
thetase genes were identified with BLAST searches (Supple 
mentary Information). We aligned mcy A. mcyE, and mcyD 
and the top three hits in BLAST searches with BioEdit (Hall 
et al. 1999). 

0.197 Only conserved and reliably aligned sequence 
regions from the outgroup sequences were used in order to 
minimise potential phylogenetic reconstruction artefacts 
derived from the use of distant outgroups Swofford et al. 
1996). In order to assess the stability of the ingroup tree 
topology, which could be influenced by the addition of 
outgroup lineages due to long branch attraction, the phylo 
genetic trees were analysed with and without the chosen 
outgroups. Phylogenetic analyses were performed with 
PAUP (Swofford, 2001) and PHYLIP (Felsenstein, 1993). 
Maximum likelihood and maximum parsimony analyses 
were used to reconstruct trees from each mcy gene fragment, 
and to compare the tree topologies of the separate and 
concatenated mcy gene sets and the 16S rRNA and rpoC1 
genes. 16S rRNA sequences of 53 cyanobacterial strains and 
three outgroup species were used to construct a maximum 
likelihood tree, to which the distribution of microcystin and 
nodularin producing cyanobacteria among other cyanobac 
teria was mapped (FIG. 8). 
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Accession numbers for sequences used in phylogenetic reconstruction. A Solid 

TABLE 3 

19 

line denotes unsuccessful attempts to amplify this region from the three strains of 
the genus Nodularia used in this study. A dash indicates cases where 

no attempt was made to obtain sequence data. 

Taxon 

Microcystis sp. HUB 5-2-4 
Microcystis aeruginosa NIES 89 

mcyE 

AY382530 
Microcystis sp. 
Microcystis sp. 
Microcystis sp. 
Microcystis sp. 

199 
GL26O735 
GL28.0646 
IZANCYAS 

54.52 
S4S4 AY382531 
5455 AY382532 
54.56 AY382533 

Microcystis sp. IZANCYA25 
Microcystis sp. TuM7C 
Microcystis viridis NIES 102 
Microcystis aeruginosa PCC 7941 
Microcystis aeruginosa PCC 7806 
Microcystis sp. 98 
Microcystis sp. 205 
Nostoc sp. 152 
Nodularia spumigena HEM 
Nodularia spumigena BY1 
Nodularia sp. F81 
Anabaena sp. 66A 
Anabaena sp. 66B 
Anabaenafios-aquae NIVA 
CYA83.1 
Anabaena sp. 202A1/35 
Anabaena lemmermanni 202A2 
Anabaena sp. 90 
Anabaena sp. PH256 
Anabaena sp. 315 
Anabaena sp. 318 
Anabaena sp. 299 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
Planktothrix sp. 
CYA128.R. 
Oscillatoria sp. 
Oscillatoria sp. 

0198) 

HUBO76 
PCC7821 
NIVA-CYA34 
49 
97 
NIVA-CYA126 
NIVA-CYA127 
NIVA 

213 
226 

515458 
54.57 
S460 

F1834.08 A. 

A 

5 5 4 6 3 

5 5 4 6 5 

AJS15472 
AJS15473 
AJS15474 
AJS15470 
AJS15471 
A441056 
AJS15468 
AJS15469 

AY382S34 

AY382535 
AY382S36 
AF1834.08 
AY382537 
AY382S38 
AY382539 
AY382S4O 
AY382S41 
AY382S42 
AY382S43 

AY382544 

AY382S45 
AY382546 
AJS361S6 
AY382547 
AY382S48 
AY382549 
AY38.2550 

AY38.2551 
AY38.2552 
A441056 
AY38.2553 
AY38.2554 

AY38.2555 
AY38.2556 

TABLE 4 

mcyD 

AY424988 

AY424991 
AY424989 
AF1834.08 

AY424990 
AY424984 
AY424985 
AY424987 
AY424986 
AY424983 

AY42498O 
AY424981 
AS36156 

AY424982 

AY424992 

A441056 
AY424993 
AY424994 

16S rRNA 

UO3403 
AJ133172 
AY439282 

U40332 
U40340 

AF139299 

AY439281 
AJ1331.61 
AF268OOS 
AF268004 
AY439283 

1331.57 

133158 

1331.59 
293104 
1331.56 

A. 2 9 3 

1331.67 

133166 
1331.68 
1331.69 

rpoC1 

AY42SOOO 

AY424997 
AY424999 

AY424998 

AY424995 
AY424996 

Accession numbers of sequences used to root the microcystin gene data set in FIG. 7. 
The outgroup sequences identified by BLAST searches were fused together to form three 

outgroup sequences in the mcy A, mcyD, and mcyE concatenated gene data set. 

Gene Outgroup Accession 

McyA Outgroup 1 AF210249 
Outgroup 2 AE004755 

Outgroup 3 X97860 
McyD Outgroup 1 AF395828 

Outgroup 2 AJ421825 
Outgroup 3 AP003590 

McyE Outgroup 1 D29676 
Outgroup 2 X70356 
Outgroup 3 AF004.835 

Organism 

Streptomyces verticillus 
Pseudomonas aeruginosa 

Amycolatopsis mediterranei 
Aphanizomenon ovalisportin 
Stigmatelia aurantiaca 
Nostoc sp. PCC 7120 
Bacilius brevis 

Bacilius subtiis 

Brevibacilius brevis 

Gene 

blimX 

PA3327 

apS 

aoaC 

sti 

alr2680 

GrS2 

sifA1 

tycC 

Function 

Bleomycin biosynthetic gene 
Probable non-ribosomal peptide 
synthetase 
Peptide-synthetase 
Polyketide synthase 
Stigmatellin biosynthetic gene 
Polyketide synthetase 
Gramicidin S synthetase 2 
Surfactin synthetase 
tyrocidine synthetase 3 

Mar. 15, 2007 



US 2007/0059699 A1 

0199. 

TABLE 5 

Accession numbers for 16S rRNA sequences used to construct 
the maximum-likelihood tree presented in FIG. 8. 

Species 

Cyanobacteria 
Subsection I Chroococcaies 

Cyanobium gracile 
Cyanothece sp. 
Gioeobacter violiaceus 
Gioeothece membranacea 
Microcystis aeruginosa 
Microcystis aeruginosa 
Microcystis wesenbergii 
Synechococci is elongatus 
Synechococci is leopoliensis 
Synechococci is sp. 
Synechococci is sp. 
Synechococci is sp. 
Synechocystis sp. 
Thermosynechococci is elongatus 
Prochiorococcus marinus 
Prochiorococcus marinus 
Subsection II Pleurocapsales 

Chroococcidiopsis sp. 
Chroococcidiopsis thermalis 
Myxosarcina sp. 
Myxosarcina sp. 
Pleurocapsa minor 
Pleurocapsa sp. 
Xenococci is sp. 
Subsection III Osciliatoriales 

Arthrospira sp. 
Leptolyngbya sp. 
Leptolyngbya sp. 
Limnothrix redekei 
Lygnbya aestuarii 
Osciliatoria rosea 
Osciliatoria sancia 
Planktothrix agaidhi 
Planktothrix sp. 
Planktothrix sp. 
Pseudanabaena sp. 
Spiritiina major 
Spiritiina subsalsa 
Trichodesmium erythraeum 
Prochiorothrix hollandica 
Subsection IV Nostocaies 

Anabaena sp. 
Anabaena sp. 
Anabaenopsis circularis 
Anabaenopsis sp. 
Aphanizomenon fios-aquae 
Cyanospira rippikae 
Cylindrospermain Stagnale 
Nodularia spinigena 
Nodularia sp. 
Nodularia spinigena 
Nostoc sp. 
Nostoc punctiforme 
Nostoc sp. 
Nostoc sp. 
Scytonema hofmannii 
Subsection V Stigonemataies 

Chlorogloeopsis sp. 
Fischereia muscicoia 

Strain 

PCC 6307 
PCC 7424 
PCC 7421 
PCC 65O1 
PCC 7806 
PCC 7941 
NIES 104 
PCC 6301 
PCC 7942 
PCC 7002 
PCC 6716 
WH 81.03 
PCC 6803 
BP-1 
MED 4 
MIT 9313 

SAG 2023 
PCC 72O3 
PCC 7312 
PCC 7325 
SAG 4.99 
PCC 7516 
PCC 7305 

PCC 8005 
PCC 7375 
PCC 7104 
NIVA-CYA 227.1 
PCC 7419 
AM-220 
PCC 7515 
NIVA-CYA 126 
2 
49 
PCC 6903 
PCC 6313 
AM-223 
MS101 

66A 
90 
NIES 21 
PCC 92.15 
NIES 81 
PCC 95O1 
PCC 7417 
BY1 
F81 
PCC 73104 
PCC 7120 
PCC 731 O2 
52 
PCC 9709 
PCC 7110 

PCC 75 
PCC 7414 

8 

16S rRNA 

BO39 

BO39 
BO45 

BOO3 

133 
133 
133 

BOO3 
npub 

133 
133 

FOO1477 
F132932 
F132790 
78680 
O34O2 
40340 
133174 
O3S38 
F132930 
OOO716 
F216942 
F311293 
64000 
POO5376 
FOO1466 
FO53399 

005 
344561 
344562 
344564 
78681 
F132783 

70769 
F132786 

O12 
929 

OOO714 
164 

F132933 
66 
85 
67 

F132778 
75045 

166 
ished 

F132792 

57 
56 

F2475.95 
YO38 
293 31 
YO38O36 
F132789 
F268004 
4 3 9 2 8 3 

X59559 
A. 
A. 
A. 
A. 

FO27655 
1331 61 
FO27654 
F132781 

6878O 
P132788 

20 
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TABLE 5-continued 

Accession numbers for 16S rRNA sequences used to construct 
the maximum-likelihood tree presented in FIG. 8. 

Species Strain 16S rRNA 

Outgroups 

Bacilius subtiis BS62 ABO16721 
Chlorobium tepidum MS8468 
Escherichia coi K12 AEOOO129 

*Unpublished 16S rRNA obtained from Trichodesmium erythraeum 
IMS101 on the Joint Genome Institute webpage (www.jgi.doe.gov). 

Example 3 

0200 Primer design and specificity testing. General 
microcystin synthetase E forward primer (mcyE-F2) and 
genus specific reverse primers for Anabaena (AnamcyE 
12R) as well as for Microcystis (MicmcyE-R8) (able 6) were 
designed with mcy gene sequences of Anabaena 90 (see 
Example 1), by using BLAST (1) and BioEdit (Hall 1999). 
0201 Specificity of these primers was tested with 14 
Anabaena, 13 Microcystis, 8 Planktothrix strains and with 
one Nostoc strain (Table 7). Microcystis and Planktothrix 
strains were grown in Z8 medium (Kotai 1972), whereas 
Anabaena and Nostoc strains were grown in a modified Z8 
medium without nitrogen. The strains were grown under 
continuous light (20 umol mis") at 20+2° C. 
0202 PCR reaction was carried out with 1 ul of extracted 
DNA, 1xDynaZyme II PCR buffer10 mM Tris-HCl, pH 8.8 
at 25°C., 1.5 mM MgC, 50 mM KC1, 0.1% Triton X-100, 
(Finnzymes), 250 uM dNTPs (Finnzymes), 0.5 uM of 
primers (Sigma-Genosys Ltd.) and 0.5 U of DyNAZyme II 
DNA polymerase (Finnzymes) in a volume of 20 uL. The 
PCR amplification was performed with initial denaturation 
at 95°C. for 3 min followed by either 30 (Anabaena) or 25 
(Microcystis) cycles at 94° C. for 30 s, at 58° C. for 
Anabaena and at 60° C. for Microcystis for 30s and at 72° 
C. for 60 s, followed by 10 min final extension at 72° C. 
Presence or absence of the mcyE product was determined 
using 20 Jul of amplification product and 1.5% agarose gel 
electrophoresis. 

0203 Lake water samples. Water samples were collected 
at Lake Tuusulanjärvi from 0 to 2 m depth every second or 
third week during summer period 1999. For DNA extraction 
one liter of lake water was concentrated to less than 2 ml by 
centrifugation and stored at -70° C. Lake Hiidenvesi con 
sists of several natural basins representing a transition from 
hypertrophy to mesotrophy. Water samples were collected 
from 3 to 5 different depths from basins of Kirkkojärvi (3.5 
m deep at the sampling site), Mustionselkä (4 m), Num 
melanselkä (6 m), and Kiihkelyksenselkä (30 m) on 15 Aug. 
2001. For DNA extraction 100 ml of lake water was filtered 
through 3 um pore size Poretics(R polycarbonate disc filter 
(47 mm), (Osmonics Inc.) and cells were stored with lysis 
buffer at -20°C. (14). For microcystin concentration analy 
sis, 5 ml of lake water was stored in a glass vial at -20°C. 
Cyanobacterial cell densities were determined using the 
inverted microscope technique (Utermöhl, 1958) from the 
samples which were preserved with acid Lugol's Solution 
(Willen, 1962) and stored in darkness at 4°C. 
0204 Isolation and purification of DNAs. Genomic 
DNAs of the Anabaena, Microcystis, Planktothrix and Nos 
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toc strains and the lake water samples were extracted with a 
hot phenol-chloroform-isoamylalcohol-method (Giovan 
noni et al., 1990). Extracted DNAs were purified either once 
(strains) or twice (lake water samples) with Prep-A-Gene(R) 
DNA Purification Systems (Bio-Rad) according to the 
manufacturers instructions and eluted in 60 ul. 
0205 QRT-PCR. External standards for mcyE copy num 
ber quantification were prepared using genomic DNAS of 
strains Anabaena 90, 315, and 202A1 as well as those of 
Microcystis GL 260735, PCC 7806, and PCC 7941. 
Genomic DNA concentration of these DNAS was measured 
with a spectrophotometer at 260 nm (Beckman DU-7400). 
Purity was determined by calculating the ratio of the absor 
bances measured at 260 nm and 280 nm. Approximate 
genome sizes, Anabaena 5.15 Mb and Microcystis 4.70 Mb, 
were used in mcyE copy number calculation. These genome 
sizes were estimated based on the genome sizes of Ana 
baena PCC 6309, Anabaena PCC 7122 and Microcystis 
PCC 7941 (Castenholz, 2001). The mcyE copy numbers of 
the standard strains DNAs were calculated using following 
equation with the assumption that each genome had only one 
mcyE gene and the molecular weight of one bp was 660 g 
mol": 

6 x 10'copies molx Equation 1 
DNA concentration (g ul Copies ul' = Molecular weight of one genome g moll 

0206 Ten-fold dilution series of genomic DNAs of the 
standard strains were prepared and these dilutions were 
amplified with Anabaena and Microcystis mcyE QRT-PCR. 
Linear regression equations of the obtained cycle threshold 
values (Ct values, i.e. the first turning points of the fluores 
cence curves as a function of cycle numbers) were calcu 
lated as a function of known mcyE copy numbers. 

0207. The QRT-PCR reaction was carried out with 1 ul of 
DNA of standard strains or lake water samples, 3 mM 
MgCl, 0.5 uM of both primers (Sigma-Genosys Ltd.) and 
1 ul of hot start reaction mix to a final volume of 10 ul 
(LightCycler fastStart DNA master SYBR green I kit, 
Roche Diagnostics). Amplification was performed with ini 
tial preheating of 10 min at 95°C. followed by 45 cycles at 
95° C. for 2 s, at 58° C. for 5 s and at 72° C. for 10 s. 
Generation of the products was monitored after each exten 
sion step at 77° C. in Anabaena and 78° C. in Microcystis 
mcyE QRT-PCR by measuring fluorescence of double 
stranded DNA binding SYBR green 1 dye using LightCycler 
QRT-PCR (Roche Diagnostics). All lake water samples were 
amplified three times. The Ct values were determined by the 
second derivative maximum method of LightCycler soft 
ware (version 3.5). Copy numbers of mcyE gene of the lake 
water samples were determined by converting obtained Ct 
values into the mcyE copy numbers according to the regres 
sion equations of the external standards that gave the highest 
(Anabaena 202A1 and Microcystis PCC7941) and lowest 
(Anabaena 315 and Microcystis PCC7806) mcyE copy 
numbers (FIGS. 9A and B). 
0208 Amplification efficiencies, e (e=105-1, s=slope 
of the linear regression), of the Anabaena and Microcystis 
mcyE QRT-PCR with standard strains were calculated as a 
function of known mcyE copy numbers and with those of 
Lake Tuusulanjärvi DNA samples as a function of different 
dilutions of the samples. 
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0209. In order to determine melting temperatures for the 
amplification products of the standard strains and of the lake 
water samples, temperature was raised after QRT-PCR from 
65° C. to 95°C. and fluorescence was detected continuously. 
Characteristic melting temperatures of the mcyE QRT-PCR 
products were determined with LightCycler software (ver 
sion 3.5). 
0210 Microcystin analysis of the strains and lake water 
samples. Dry weight of the Anabaena, Microcystis, Plank 
tothrix and Nostoc strains was measured and microcystin 
was extracted by Sonication as detailed previously (Repka et 
al., 2001). Microcystin concentration of the strains was 
analyzed with an Agilent 1100 Series high performance 
liquid chromatograph with a diode array detector and Luna 
5 um C18 column (150x2 mm, Phenomenex). A mobile 
phase was 10 mM ammonium acetate and acetonitrile. 
During 6 to 40 minutes, concentration of acetonitrile 
increased from 24% to 60%. Flow rate was 0.2 ml min' at 
40° C., injection volume 20 ul, and detection at 238 nm. 
Purified microcystin-LR was used as a standard and micro 
cystins were identified by their UV spectra and retention 
times. 

0211 Total microcystin of the lake water samples was 
extracted from 5 ml of lake water using tip sonicator for 5 
min (Braun Labsonic-U). Prior measuring microcystin con 
centration with EnviroGard(R) microcystins plate kit (Strate 
gic Diagnostics Inc.) and plate spectrophotometer (Lab 
systems iEMS reader MF) samples were filtered through 0.2 
um PuradiscTM filters (Whatman) to remove the particles. 
0212 Statistical analysis. Spearman correlation coeffi 
cients between microcystin concentration (ug 1'), mcyE 
copy numbers (copies ml), and Anabaena as well as 
Microcystis cell numbers (cells ml) of lake water samples 
were calculated with SASR statistical software for Windows 
(SAS Institute Inc.). 
0213 Specificity of the primers. The mcyE gene primers 
(Table 6) were both genus and mcyE gene specific, since a 
single amplification product was observed when genomic 
DNA of microcystin producing Anabaena or Microcystis 
strain was used as a template in PCR with Anabaena or 
Microcystis genus specific primers (Table 7). 

0214) Detection range of mcyE copy numbers. The QRT 
PCR was log-linear from 6.6x10° to 6.6x10mcyE copies in 
a reaction when the genomic DNAs of the standard strains 
Anabaena 90, Anabaena 202A1, Microcystis GL 260735 or 
Microcystis PCC 7941 were used as a template and from 
6.6x10 to 6.6x10° when those of standard strains Anabaena 
315 or Microcystis PCC 7806 were used (FIGS. 9A and B). 
The lowest reliable mcyE copy numbers in Lake Tuusulan 
järvi were 42, 84, 33, and 63 copies ml when calculated 
with the regression equations of the standards Anabaena 
315, Anabaena 202A1, Microcystis 7806, and Microcystis 
7941. In Lake Hidenvesi the lowest reliable mcyE copy 
numbers were ten times higher than in Lake TuuSulanjärvi, 
420, 840,330, and 630 copies ml when calculated with the 
same standards, respectively. One ng of genomic DNA of 
Anabaena and Microcystis standard strains contained 1.76x 
10 and 1.94x10 mcyE copies. The purity of these DNAs 
varied from 1.8 to 1.9. 

0215. The mcyE copy numbers of lake water. Microcystis 
mcyE copy numbers in Lake Tuusulanjärvi were 11 to 91 
times more abundant than those of Anabaena mcyE copy 
numbers calculated as a ratio of the average mcyE copy 
numbers obtained with Anabaena 315, Anabaena 202A1, 
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Microcystis PCC 7941 and Microcystis PCC 7806 standards 
(FIG. 10). Microcystis mcyE copy numbers were also more 
abundant than those of Anabaena in the Basin of Kiihke 
lyksenselkä of Lake Hiidenvesi (FIG. 11). In the Basins of 
Nummelanselkä and in MustionselkäMicrocystis and Ana 
baena mcyE copy numbers were quite similar (FIG. 11). In 
the Basin of Kirkkojärvi both Microcystis and Anabaena 
mcyE copy numbers were below the detection limits deter 
mined with the standards (FIG. 11). In Lake Hiidenvesi 
(FIG. 11) the average mcyE copy numbers of Anabaena and 
Microcystis as well as microcystin concentrations were 
lower than in Lake Tuusulanjärvi (FIG. 11). Microcystin 
concentration had a statistically significant positive correla 
tion with Microcystis mcyE copy numbers of all studied 
samples within the mcyE copy number detection range 
determined with the standards (Table 8). 
0216 Amplification efficiency. With Lake Tuusulanjärvi 
water samples the Microcystis mcyE QRT-PCR amplifica 
tion efficiencies (0.78-0.99, Table 4) were similar to the 
amplification efficiencies of the Microcystis standards (0.86 
0.94, Table 4). However, Anabaena mcyE QRT-PCR ampli 
fication efficiencies with Lake Tuusulanjärvi water samples 
(1.14 to 2.36, Table 4) were unrealistic high compared to the 
amplification efficiencies of the Anabaena standard strains 
(0.96-0.99, Table 9). 
0217 Melting curve analysis. Characteristic melting tem 
peratures of the mcyE QRT-PCR products (247 bp) of the 
three Anabaena (average=79.6°C., CV=0.4%, n=38, Table 
5) and three Microcystis (average=81.5° C., CV=0.2%, 
n=38, Table 5) standard strains corresponded to the melting 
temperatures of Anabaena (average=79.3° C., CV=0.3%, 
n=58) and Microcystis (average=81.7°C., CV=0.2%, n=63) 
mcyEQRT-PCR products amplified with lake water samples 
(data not shown). The 1.9° C. difference in the average 
characteristic melting temperatures was due to over 40 
nucleotide difference between Anabaena and Microcystis 
mcyE sequences. 

0218. Primer dimers were detected in Anabaena and in 
Microcystis mcyE QRT-PCR with negative controls and in 
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Anabaena mcyE QRT-PCR with lake water samples that had 
low template DNA concentration, although hot start Taq 
DNA polymerase provided by the manufacturer of the kit 
was used. The error caused by the primer dimers was 
avoided by measuring fluorescence of Anabaena and Micro 
cystis mcyE QRT-PCR amplification at higher temperature 
(77°C., 78° C., respectively) than the melting temperature 
of the primer dimers. 

0219 Microcystin concentration and cyanobacterial cell 
density of lake water. Microcystin concentrations as well as 
Anabaena and Microcyptis cell densities were highest in 
Lake Tuusulanjärvi on July and started to decrease thereafter 
(FIGS. 10 and 12). In Lake Hiidenvesi microcystin concen 
trations and cell densities were lower than those in Lake 
Tuusulanjärvi (FIGS. 11 and 13). According to microscope 
analysis, Microcystis cells were more abundant than Ana 
baena cells in Lake Tuusulanjärvi whereas Microcystis cells 
were observed only occasionally in Like Hiidenvesi. Ana 
baena was the most dominant genus in the Basins of 
Kirkkojärvi and Mustionselkä of Lake Hiidenvesi whereas 
Aphanizomenon was the most dominant genus in the Basins 
of Nummelanselkä and Kiihkelyksenselkä of Lake Hiden 
vesi as well as in the Lake Tuusulanjärvi. 

TABLE 6 

Primers used in this study. 

Primer Sequence (5' to 3') 

mcyE-F2 GAA ATT TGT GTA GAA GGT GC * (SEQ ID 
NO 64) 

AnamcyE-12R CAA TCT COG TAT AGC GGC (SEQ ID 
NO 65) 

MicmcyE-R8 CAA TGG GAG CAT AAC GAG (SEQ ID 
NO 66) 

* Forward primer, mcyE-F2, used in this study, was described in Example 
2 

0220) 
TABLE 7 

Specificity of Anabaena (mcyE-F2, AnamcyE-12R) and Microcystis (mcyE-F2, 
MicmcyE-R8) microcystin synthetase E (mcyE) primers was studied 

using Anabaena, Microcystis, Planktothrix, and Nostoc strains. Presence (+) or 
absence (-) of the mcyE product. Microcystin (MC) production (+) or 
lack of production (-). Accession numbers indicate mcyE sequences 

available in GenBank. Culture collections: PCC, Pasteur Culture Collection, 
Paris, France: NIVA-CYA, Norwegian Institute for Water Research, 

Oslo, Norway. NIES. National Institute for Environmental Studies, Tsukuba, Japan. 

Genus Anabaena Microcystis mcy E. Accession 
Strain MC mcyE primers primers No Reference 

Anabaena 

66A -- -- XX 47, b 
90 -- -- AJS361S6 47, a 
2O2A1 -- -- XX 47, b 
202A2.41 -- -- XX 47, b 
NIVA-CYA83.1 -- -- XX 47, b 
315 -- -- XX b 
3.18 -- -- XX b 
86 46 
123 46 
14 46 
PCC 6309 43 
PCC 7108 43 
PCC 73105 43 
PCC 9208 43 
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TABLE 7-continued 

Specificity of Anabaena (mcyE-F2, AnamcyE-12R) and Microcystis (mcyE-F2, 
MicmcyE-R8) microcystin synthetase E (mcyE) primers was studied 

using Anabaena, Microcystis, Planktothrix, and Nostoc strains. Presence (+) or 
absence (-) of the mcyE product. Microcystin (MC) production (+) or 
lack of production (-). Accession numbers indicate mcyE sequences 

available in GenBank. Culture collections: PCC, Pasteur Culture Collection, 
Paris, France: NIVA-CYA, Norwegian Institute for Water Research, 

Oslo, Norway. NIES. National Institute for Environmental Studies, Tsukuba, Japan. 

Genus Anabaena Microcystis mcy E. Accession 
Strain MC mcyE primers primers No Reference 

Microcystis 

98 -- -- XX 47, b 
205 -- -- XX 47, b 
GL 26O735 -- -- XX 55, b 
GL 28.0646 -- -- XX 55, b 
IZANCYAS -- -- XX 53, b 
IZANCYA2S -- XX 53, b 
NIES102 -- XX 29, b 
NIES A89 -- -- XX 29, b 
PCC 7941 -- -- XX 43, b 
PCC 7806 -- -- AF183408 43, 51 
130 44 
269 44 
GL 060916 55 
Pianktoihrix 

49 -- XX 47, b 
97 -- XX 47, b 
213 -- 47 
NIVA-CYA 126 -- A441056 9, 47 
NIYA-CYA 127 -- XX 47, b 
NIVA-CYA 128.R. -- XX 47, b 
45 44 
PCC 6304 43 
Nostoc 

152 -- XX 48, b 

a. Example 1 
b Example 2 

0221 (9) Christiansen et al. 2003, (29) Lyra et al., 2001, 
(43) Rippka and Herdman, 1992. (44) Rouhiainen et al. 
1995, (46) Sivonen and Jones, 1999, (47) Sivonen et al. 
1989, (48) Sivonen et al. 1995, (53) Vasconcelos et al., 1995, 
(55) Vezie et al. 1998, 

TABLE 8 

Spearman correlation coefficients between microcystin concentration (ug 1') and 
microcystin synthetase E (mcyE) copy numbers (copies ml) calculated using different 
standards (Anabaena 202A1, Anabaena 315, Microcystis PCC 7806 and Microcystis 

PCC7941) and cell numbers (cells ml) in Lake Tuusulanjarvi and Lake Hiidenvesi. Sum of 
Anabaena and Microcystis mcyE copy numbers was counted by adding the average copy 
numbers calculated using the two Anabaena and Microcystis standards. Number inside the 

parenthesis shows the number of samples used to calculate the spearman correlation. 

Sum of 
Anabaena and Microcystis 

Anabaena Microcystis Microcystis Microcystis Anabaena Anabaena 
McyE mcyE mcyE cells cells cells 

Lake water 2O2 315 PCC PCC 
samples A1 7806 7941 
All Samples 0.57* 0.57* 0.52, p= 0.10 

(11) (11) (15) (15) (11) (21) (21) (21) 
Lake 1: 1: 0.86 * 
Tuusulanjärvi (5) (5) (6) (6) (5) (7) (7) (7) 
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TABLE 8-continued 

Spearman correlation coefficients between microcystin concentration (ug 1') and 
microcystin synthetase E (mcyE) copy numbers (copies ml) calculated using different 
standards (Anabaena 202A1, Anabaena 315, Microcystis PCC 7806 and Microcystis 

PCC7941) and cell numbers (cells ml) in Lake Tuusulanjärvi and Lake Hildenvesi. Sum of 
Anabaena and Microcystis mcyE copy numbers was counted by adding the average copy 
numbers calculated using the two Anabaena and Microcystis standards. Number inside the 

parenthesis shows the number of samples used to calculate the Spearman correlation. 

Sum of 
Anabaena and Microcystis 

Anabaena Microcystis Microcystis Microcystis Anabaena Anabaena 
McyE mcyE mcyE cells cells cells 

Lake (6) (6) (9) (9) (6) (14) (14) (14) 
Hildenvesi 

*p < 0.5, 
**p < 0.1, 
***p < 0.01 

0222 
TABLE 9 

Anabaena and Microcystis mcyE QRT-PCR amplification efficiencies, e (e = 10'- 
1, S = slope of linear regression equation), of the external standard strains calculated as a 

function of mcyE copy numbers and those of Lake TuuSulanjarvi water samples calculated as 
a function of different dilutions of the samples, r denotes coefficient of determination. 

Strain or Amplification mcyE copy numbers or 
Sampling date efficiency S r2 Dilution factors 

Microcystis 

GL 26O735 O.86 -3.71 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10 
PCC 7806 O.92 -3.53 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10, 6.6 x 10 
PCC 7941 O.94 -3.47 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10 
12-Jul O.95 -3.46 1, 0.1, 0.05, 0.01, 0.005 
2-Aug 0.97 -3.39 1, 0.1 
23-Aug O.99 -3.34 1, 0.1 
7-Sep O.8O -3.92 1, 0.1 
20-Sep O.78 -3.99 1, 0.1 
6-Oct O.88 -3.66 1, 0.1 
Anabaena 

90 O.96 -3.41 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10 
315 O.99 -3.34 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10, 6.6 x 10 
2O2A1 O.98 -3.36 6.6 x 10°, 6.6 x 10, 6.6 x 10', 6.6 x 10 
12-Jul 1.32 -2.74 1, 0.1, 0.05 
2-Aug 1.14 -3.02 1, 0.1, 0.05 
23-Aug 1.32 -2.74 1, 0.1 
7-Sep 2.36 -190 O.98 1, 0.1, 0.05 

0223) 
TABLE 10 

Characteristic melting temperatures (T + CV%) of the microcystin synthetase E 
quantitative real-time PCR amplification products (247 bp) obtained using LightCycler 
melting curve analysis. Nucleotide differences were calculated for the 209 bp long 
sequence between the primer annealing sites. Number of samples is denoted by n. 

Nucleotide differences 

Anabaena Microcystis 

2O2 GL 26 PCC PCC 
Strain T + CV 9% l 90 31S A1 O735 7806 7941 

Anabaena 

90 79.7 O.2 12 
315 79.3 O.4 14 O 
2O2A1 79.7 O.2 12 1 1 

Mar. 15, 2007 
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TABLE 10-continued 

Mar. 15, 2007 

Characteristic melting temperatures (T + CV%) of the microcystin synthetase E 
quantitative real-time PCR amplification products (247 bp) obtained using LightCycler 
melting curve analysis. Nucleotide differences were calculated for the 209 bp long 
Sequence between the primer annealing sites. Number of Samples is denoted by n. 

Nucleotide differences 

Anabaena 

2O2 GL 26 PCC 
Strain T + CV% l 90 31S A1 O735 7806 

Microcystis 

GL 26O735 813 - 0.2 12 45 45 46 
PCC 7806 815 - 0.2 15 47 47 48 2 
PCC 7941 81.5 + 0.1 11 47 47 48 2 1 

Example 4 

0224. We were interested in the mcyD gene region as part 
of an evolutionary study on microcystin Synthetase genes 
from different genera of cyanobacteria. 

0225. The McyD gene is involved in the formation of the 
Adda amino acid and this amino acid along with 
D-glutamate is critical to microcystin toxicity (Goldberg, J., 
Huang, H-B., Kwon, is Y-G., Greengard, P., Nairn, A. C. et 
al. Three-dimensional structure of the catalytic subunit of 
protein serine/threonine phosphatase-1. Nature 376, 745 
753 (1995). The Adda amino acid is proposed to be 
assembled by McyG, McyD and mcyE (Tillett, D. et al. 
Structural organization of microcystin biosynthesis in 
Microcystis aeruginosa PCC7806: an integrated peptide 
polyketide synthetase system. Chem. Biol. 7, 753-764 
(2000). The mcyD gene region we sequenced encodes parts 
of a beta-ketoacyl synthase and a acyltransferase domain 
(Tillett et al. 2000). The region we looked at is specifically 
involved in one round of chain elongation of the growing 
Adda amino acid (Tillett et al. 2000). 
0226. The 818 bp region of the mcyD gene was amplified 
with the mcyDF (5'-gatccgattgaattagaaag-3) and mcyDR 
(5'-gtattocccaagattgcc-31) primers. PCR reactions for the 
mcyDPCR products were performed in a 20 ml final volume 
containing 1 ml of DNA, 1xDynaZyme II PCR buffer, 250 
mM of each deoxynucleotide, 0.5 mM of both PCR primers, 
and 0.5 U of DynaZyme II DNA polymerase (Finnzymes, 
Espoo, Finland). The following thermocycle protocol was 
used: 95°C., 3 min:30x(94° C., 30 sec; 56° C., 30 sec; 72° 
C., 1 min); 72° C., 10 min. Sequencing of the mcyD PCR 
products was performed by Genome Express (France). 

Example 5 

Oligonucleotides for Detection and Identification of Toxic 
Cyanobacteria 

Materials and Methods 

0227 All chemicals and solvents were purchased from 
Sigma-Aldrich (Italy) and used without further purification. 
Oligonucleotides were purchased from Interactiva Biotech 
nologie GmbH (Germany). 

Microcystis 

PCC 
7941 

DNA Samples 
0228. The samples used to validate the probes were 
Anabaena 202A1, Microcystis 205, Planktothrix 49, Nostoc 
152 and the environmental samples OTU35 (>10 um frac 
tion) and OTU33 (bloom sample). 
Ligation Probe Design 
0229. For Ligation Detection Reaction, we designed spe 
cific probes for the mcyE sequences of five different groups. 
These groups were identified using a phylogenetic tree 
obtained from the ARB software, version Beta 011 107. 
0230 ARB (www.arb-home.de) is a UNIX-based pro 
gram for aligning a large number of DNA sequences and for 
constructing phylogenetic trees according to a central data 
base of processed sequences. 
0231. The mcyE sequences were aligned using 
CLUSTALW (Thompson et al., 1994) and internal ARB 
algorithms. The phylogenetic tree was constructed using the 
neighbor-joining (NJ) algorithm (Saitou and Nei, 1987). The 
groups are the following: Anabaena, Microcystis, Nodu 
laria, Nostoc, Oscillatoria/Planktothrix (OP). 
0232 From the sequence alignment a “group-specific' 
consensus sequence was obtained with a cutoff percentage 
of 95%. This value is compared with the frequency of the 
residues found at each alignment position. If the residue at 
a given position occurred at a lower frequency than the 
cutoff percentage, an IUPAC ambiguous symbol was dis 
played in the consensus sequence. 
0233. Then, group-specific probe design was obtained 
using a tool on ARB database named “Probe design”. 
0234 All oligonucleotides were designed to have a melt 
ing temperature (T) between 64 and 68° C. 
0235 Discriminating probes were purchased with a Cy3 
label at their 5' terminal position and common probes with 
a phosphate in the same position. 
Universal Array Preparation 
0236 Microarrays were prepared using CodeLinkTM 
slides (Amersham Biosciences), designed to covalently 
immobilize NH-modified oligonucleotides. 
0237) 5' amino-modified Zip Code oligonucleotides, car 
rying an additional poly(dA) tail at their 5' end, were 
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diluted to 25 uM in 100 mM phosphate buffer (pH 8.5). 
Spotting was performed using a non contact piezo driven 
dispensing system (Nanoplotter, GeSim, Germany). Printed 
slides were processed according to the manufacturer's pro 
tocols. 

0238 Quality control of printed surfaces was performed 
by sampling one slide from each deposition batch. The 
printed slide was hybridized with 1 uM 5' Cy3 labeled 
poly(dT), in a solution containing 5xSSC and 0.1 mg/ml 
salmon sperm DNA at RT for 2 h, then washed for 15 min 
in 1xSSC. The fluorescent signal was controlled by laser 
scanning following procedures described in 'Array hybrid 
ization, detection and data analysis'. 
0239) PCR Amplifications from DNA Samples. 

Ligation Detection Reaction. 

0240 Ligation Detection Reaction was carried out in a 
final volume of 20 ul containing 20 mM Tris-HCl (pH 7.5), 
20 mM KC1, 10 mM MgCl, 0.1% NP40, 0.01 mM ATP 1 
mM DTT, 2 pmol of each discriminating probe, 2 pmol of 
each common probe and 100 fmol of purified PCR products. 
The reaction mixture was preheated for 2 min at 94° C. and 
spinned in a microcentrifuge for 1 min; then 1 ul of 4 U/ul 
Pfu DNA ligase (Stratagene, La Jolla, Calif.) was added. 
Alternatively, 0.5 ul of 50 U/ul Tth DNA ligase (ABgene) 
was used. 

0241 The LDR was cycled for 30 rounds of 90° C. for 30 
sec and 60° C. for 4 min in the GeneAmp PCR system 9700 
thermal cycler (Applied Biosystems, California). 

Array Hybridization, Detection and Data Analysis. 

0242. In a 0.5-ml microcentrifuge tube, the LDR mix (20 
ul) was diluted to obtain 65 ul of hybridization mixture 
containing 5xSSC and 0.1 mg/ml salmon sperm DNA. The 
mix, after heating at 94°C. for 2 min and chilling on ice, was 
applied onto the slide under a hybridization chamber. 

0243 Hybridization was carried out in the dark at 65° C. 
for two hours in a temperature-controlled water bath. After 
hybridization, the microarray was washed at 65° C. for 15 
min in pre-warmed 1 xSSC, 0.1% SDS. Finally, the slide was 
spinned at 80 g for 3 min. 

0244. The fluorescent signals were acquired at 5 um 
resolution using a ScanArray(R 4000 laser Scanning system 
(PerkinElmer Life Sciences) with green laser for Cy3 dye 
( 543 nm/W 570 nm). Both the laser and the photomul 
tiplier (PMT) tube power were set at 70-95%. To quantitate 
the fluorescent intensity of the spots we used the QuantArray 
Quantitative Microarray Analysis software (Perkin Elmer 
Life Sciences). 

0245 Recently, we have presented a Universal DNA 
Array approach to discriminate some groups of bacteria 
(Busti et al., 2002). This procedure, based on the discrimi 
native properties of the DNA ligation reaction, requires the 
design of two probes specific for each target sequence, as 
described by Barany and co-workers (1999). One oligo 
nucleotide brings a fluorescent label and the other a unique 
sequence named complementary Zip Code (czip Code). 
Ligated fragments, obtained in presence of a proper template 
by the action of a DNA ligase, are addressed to the location 
on the microarray where the Zip Code sequence has been 
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spotted. Such an array is therefore “Universal' being unre 
lated to a specific molecular analysis. 
0246 Here we present the Universal DNA Array 
approach applied to the detection of cyanobacterial mcyE 
gene diversity. 
Ligation Probes Design 
0247 We used the ARB software to perform the sequence 
alignment of cyanobacterial mcyE sequences. These 
sequences were aligned and clustered according to their 
phylogenetic lineages so that 5 group-specific' consensus 
sequences were yielded: Anabaena, Microcystis, Nodularia, 
Nostoc, Oscillatoria/Planktothrix (OP) (FIG. 14). Then, 
'group-specific' probes were designed using a tool on ARB 
database named “Probe design”. Among this set of probes, 
we selected discriminating probes with 3' position unique to 
each group in order to obtain ligase discrimination. As a 
matter of fact, after hybridization of a discriminating probe 
and a common probe to the target sequence, ligation occurs 
only if there is perfect complementarity at the junction 
between the two oligos. Common probes were designed 
immediately 3' to the discriminating oligo from the group 
specific consensus. 
0248 All the selected probes are described in FIG. 20. 
We selected one probe pair for each group of interest, except 
for the Oscillatonia/Planktothrix group. 
0249 FIG. 15 shows the alignment of the “group-spe 
cific consensus sequences and the relative discriminating 
probes. 
Zip Codes Assignment and Quality Control of the Universal 
Array 
0250 We randomly selected 6 Zip code sequences from 
those described by Chen and co-workers, 2000. Each Zip 
code was randomly assigned to a single cyanobacterial 
group. Each common probe was synthesized to have the 
complementary Zip code (czip code) affixed to its 3' end 
(FIG. 20). No significant self-annealing of the common 
probe-czip sequences was detected by computer analysis 
(data not shown). 
0251 The Zip codes were deposited using a non contact 
deposition system. The deposition scheme is shown in FIG. 
17. In order to verify the deposition quality of the Zip Code 
oligonucleotides on the slides, we performed hybridisations 
with Cy3 labelled poly(dT) complementary to the poly(da) 
sequence of each Zip Code. Every controlled slide revealed 
intense fluorescent signals corresponding the spotted oligo 
nucleotides, as shown in FIG. 17. 
0252) This result indicated a rather uniform deposition of 
the oligos on the Universal Array. 
LRD detection onto Universal Array 
1) Probes Specificity 
0253) The specificity of the probes for mcyE cyanobac 

terial groups was tested using PCR amplified fragment of 
this gene coming either from pure Strains or from environ 
mental samples, as indicated in Materials and Methods. 
0254 LDRs were conducted in the presence of the PCR 
product of each single sample as template and in the 
presence of all the probes (discriminating probes and com 
mon probes). 
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0255. A negative control of the entire process was per 
formed using double distilled water instead of genomic. 
DNA as PCR substrate. After standard cycling, ten micro 
liters of the reaction mixture were used in the LDR. Fol 
lowing hybridisation on the universal chip, no signal was 
detected even setting PMT and laser to 95% of their power 
(data not shown). 
0256 In the presence of the proper DNA template, the 
Universal Array behaved as expected: only group-specific 
spots showed positive signal. The results are showed in FIG. 
18. 

2) Probe Sensitivity 
0257). In order to establish the detection limit of the 
method, we performed the Ligation Detection Reaction 
starting from 50, 5 and 1 fmol of three different PCR 
products as Substrates. The detected signals progressively 
decrease and three visible signals were detected up to 1 finol 
of the PCR products. No signals were detected using 0.5 
fmol of the substrates even setting PMT and laser to 95% of 
their power (data not shown). 

Example 6 

Molecular Analysis of Cyanobacterial Diversity by Microar 
rays on “PCR-Amplified” 16 rRNA Gene 

0258 All chemicals and solvents were purchased from 
Sigma-Aldrich (Italy) and used without further purification. 
Oligonucleotides were purchased from Interactiva Biotech 
nologie GmbH (Germany). 
DNA Samples 
0259. The samples used to validate the probes included 
axenic strains kept in the authors' culture collections, strains 
isolated from European lakes and a reservoir during this 
study, and clones of environmental DNA libraries obtained 
from Lake Esch-sur-Stre (Luxembourg) and Lake Tuusu 
lanjärvi (Finland). The 16S rRNA gene of the cultured 
strains and clones was sequenced (unpublished data). In 
addition, the array was tested with an environmental DNA 
sample (Lake Tuusulanjärvi.), which was isolated with the 
hot-phenol method. To verify the microarray results, the 
same environmental sample was analyzed with DGGE and 
cloning of the 16S rRNA gene. 
Ligation Probe Design 
0260 For Ligation Detection Reaction, we designed spe 
cific probes for the 16S rRNA gene sequences of different 
cyanobacterial groups. These groups were identified using a 
cyanobacterial 16S rRNA gene tree obtained from the ARB 
software, version Beta 011 107. 

0261) ARB (www.arb-home.de) is a UNI-based program 
for aligning a large number of 16S rRNA gene sequences 
and for constructing phylogenetic trees according to a cen 
tral database of processed sequences. ARB cyanobacterial 
16S rDNA database we used contained 281 sequences from 
public databases and 57 from this study, in addition to the 
outgroup Escherichia coli. All these sequences were longer 
than 1400 bp, except the two sequences of Antarctic Phor 
midium (about 1350 bp) and 21 (out of 42) sequences of 
Prochlorococcus marinus (about 1250 bp). All sequences 
were aligned with CLUSTALW (24) and ARB. The phy 
logenetic tree was constructed using the neighbor-joining 
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(NJ) algorithm (Saitou and Nei, 1987). As shown in FIG. 25. 
the selected cyanobacterial groups are the following: Ana 
baena/Aphanizomenon, Calothrix, Cylindrospermopsis, 
Cylindrospermum, Gloeothece, Halotolerants, Leptolving 
bya, Palau Lyngbya, Microcystis, Nodularia, Nostoc, Oscil 
latoria/Planktothrix, Antarctic Phormidium, Prochlorococ 
CliS, Spirulina, Synechococcus, Synechocystis, 
Trichodesmium, Woronichinia. 
0262 From the sequence alignment a group-specific' 
consensus sequence was obtained with a cutoff percentage 
of 75%. This value is compared with the frequency of the 
residues found at each alignment position. If the residue at 
a given position occurred at a lower frequency than the 
cutoff percentage, an IUPAC ambiguous symbol was dis 
played in the consensus sequence. 
0263. Then, the 19 group consensus sequences were 
imported in GCG Omiga 2.0 (Oxford Molecular Ltd.) for 
group-specific probe design. The specificity of each probe 
pair (discriminating probe and common probe) was con 
trolled on the entire bacterial 16S rRNA ARB database. All 
oligonucleotides were designed to have a melting tempera 
ture (T,) between 64 and 68° C. 
0264 Discriminating probes were purchased with a Cy3 
label at their 5' terminal position and common probes with 
a phosphate in the same position. 
Universal Array Preparation 
0265 Microarrays were prepared using CodeLinkTM 
slides (Amersham), designed to covalently immobilize NH 
modified oligonucleotides. 
0266 5' amino-modified Zip Code oligonucleotides, car 
rying an additional poly(dA) tail at their 5' end, were 
diluted to 25 uM in 100 mM phosphate buffer (pH 8.5). 
Spotting was performed using a contact dispensing system 
MicroGrid II (BioRobotics). Printed slides were processed 
according to the manufacturer's protocols. 8. Subarrays per 
slide were generated. 
0267 Quality control of printed surfaces was performed 
by sampling one slide from each deposition batch. The 
printed slide was hybridized with 1 uM 5' Cy3 labeled 
poly(dT), in a solution containing 5xSSC and 0.1 mg/ml 
salmon sperm DNA at RT for 2 h, then washed for 15 min 
in 1xSSC. The fluorescent signal was controlled by laser 
scanning following procedures described in 'Array hybrid 
ization, detection and data analysis'. 
0268 PCR Amplifications from DNA Samples. 
0269. The DNA region coding for 16S ribosomal RNA 
was amplified with a universal primer 16SF27 (5'AGAG 
MTIGATCMTGGCTCAG 3') (Edwards et al., 1989) and a 
cyanobacterial specific primer 23S30R (5'CCTCGCCTCT 
GTGTGCCTAGGT3) (Lepere et al., 2000) which permitted 
the amplification of a ca 2000 bp fragment. 
0270 PCR amplifications were performed in a GeneAmp 
PCR system 9700 thermal cycler (Applied Biosystem, Cali 
fornia). The reaction mixtures include 500 nM each primer, 
200 uM each dNTP, 10 mM Tris-HCl (pH 8.8), 1.5 mM 
MgC, 50 mM KC1, 0.1% (wt/vol) Triton X-100, 1 U of 
DynaZyme DNA polymerase (Finnzymes OY, Espoo, Fin 
land) and 5-8 ng of genomic DNA, in a final volume of 50 
ul. Prior to amplification, DNA was denatured for 5 min at 
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95°C. Amplification consisted of 30 cycles of 94° C. for 45 
s, 57°C. for 45s and 72° C. for 2 min. After the cycles, an 
extension step (10 min at 72° C.) was performed. 
0271 The PCR products were purified by GFX PCR 
DNA purification kit (Amersham Biosciences, Piscataway 
NJ), eluted in 50 ul of autoclaved water and quantified by the 
BioAnalyzer 2100 (Agilent Technologies). 

Ligation Detection Reaction 
0272 Ligation Detection Reaction was carried out in a 
final volume of 20 ul containing 20 mM Tris-HCl (pH 7.5), 
20 mM KC1, 10 mM MgCl, 0.1% NP40, 0.01 mM ATP 1 
mM DTT, 250 fmol of each discriminating probe, 250 fmol 
of each common probe, 10 fmol of the hybridization control 
and 25 fmol of purified PCR products. The reaction mixture 
was preheated for 2 min at 94° C. and spinned in a 
microcentrifuge for 1 min; then 1 ul of 4 U/ul Pfu DNA 
ligase (Stratagene, LaJolla, Calif.) was added. The LDR was 
cycled for 30 rounds of 90° C. for 30 sec and 60° C. for 4 
min in the GeneAmp PCR system 9700 thermal cycler 
(Applied Biosystems, California). 
Array Hybridization, Detection and Data Analysis. 
0273) In a 0.5-ml microcentrifuge tube, the IDR mix (20 
ul) was diluted to obtain 65 ul of hybridization mixture 
containing 5xSSC and 0.1 mg/ml salmon sperm DNA. The 
mix, after heating at 94°C. for 2 min and chilling on ice, was 
applied onto the slide in the Press-To-Seal Silicone Isolators 
1.0x9 mm (Schleicher & Schuell). 
0274) Hybridization was carried out in a hybridization 
chamber in the dark at 65° C. for two hours in a temperature 
controlled water bath. After hybridization, the microarray 
was washed at 65° C. for 15 min in pre-warmed 1 xSSC, 
0.1% SDS. Finally, the slide was spinned at 80 g for 3 min. 
0275. The fluorescent signals were acquired at 5 um 
resolution using a ScanArray(R 4000 laser Scanning system 
(PerkinElmer Life Sciences) with green laser for Cy3 dye 
( 543 nm/W 570 nm). Both the laser and the photomul 
tiplier (PMT) tube power were set at 70-95%. 
0276 To quantify the fluorescent intensity of the spots we 
used the QuantArray Quantitative Microarray Analysis soft 
ware (Perkin Elmer Life Sciences). 
0277. When statistical analyses were performed, we 
included the fluorescent intensity values obtained from 
replicated spots (four replicates spot for each group, eight 
replicates spot for the universal) and replicates experiments 
sets (three LDR-universal array experiments). 
Sequence Analysis of Cyanobacterial 16S rDNA and Liga 
tion Probes Design 
0278 We used the ARB software to perform the sequence 
alignment of cyanobacterial 16S rDNA. The ARB database 
we used contained 281 cyanobacterial sequences from pub 
lic databases and 57 from this study. These sequences were 
aligned and clustered according to their phylogenetic lin 
eages so that 19 group-specific' consensus sequences were 
yielded (FIG. 25). 
0279 Then, the 19 group consensi were imported in 
GCG Omiga 2.0 (Oxford Molecular Ltd.). The Omiga 
Software is a graphically oriented package that permits the 
identification of "group-specific nucleotide polymor 
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phisms. Thus, the probes were designed complementary to 
polymorphic regions on the basis of a final alignment among 
group-specific consensi. The selection process consisted in 
several steps. Firstly, we considered the ligase reaction 
features. As shown in FIG. 26, after hybridization of a 
discriminating probe and a common probe to the target 
sequence, ligation occurs only if there is perfect comple 
mentarity at the junction between the two oligos. For this 
reason, to obtain ligase discrimination, we selected discrimi 
nating probes with 3' position unique to each group. Com 
mon probes were designed immediately 3' to the discrimi 
nating oligo from the group-specific consensus. 
0280 Secondly, among this set of probes, we selected 
only those pairs of probes, which differed from all repre 
sentatives of the other groups at least for the 3' terminal 
position of the discriminating probes, but which were invari 
ant in all members of their group. Examples of probe design 
procedure are shown in FIG. 27. 
0281 Finally, in order to discard potentially a specific 
probe pairs, we analyzed each probe pair (discriminating 
probe and common probe) using a tool on ARB database, 
which permit to verify probes against all the bacterial 16S 
rRNA gene sequences. Initially, we considered 60 group 
specific probe pairs, but only 21 of these have been chosen 
after the selection step described above. 
0282 All the selected probes are described in FIG. 32. 
When the consensus sequence contains a degenerate base, 
we included inosine during oligonucleotide synthesis at 
these degenerate positions. 
0283 Although DNA samples for some of the 19 selected 
groups (i.e. Gloeothece, Antarctic Phormidium, Prochloro 
coccus marinus, Trichodesmium) were not available because 
these cyanobacteria are not present in the lakes under 
scrutiny, all the ARB phylogenetic lineages have been 
considered in the experimental set-up to allow for future 
applications of this cyanobacterial microarray. 
0284. In order to have a positive control for the Ligation 
Detection Reaction, a universal probe pair, matching all the 
cyanobacteria, was designed and the corresponding Zip code 
was included in the Universal Array. As a positive control 
for the hybridisation reaction, a Cy3 labelled complemen 
tary Zip Code sequence was added in the hybridization 
mixture and the corresponding Zip code was included in the 
Universal Array. 
Zip Codes Assignment and Quality Control of the Universal 
Array 

0285) We randomly selected 21 Zip code sequences from 
those described by Barany and coworkers and Chen and 
co-workers. Each Zip code was randomly assigned to a 
single cyanobacterial group, except Zip codel which is the 
positive control for the hybridisation reaction. 
0286 Each common probe was synthesized to have the 
complementary Zip code (czip code) affixed to its 3' end 
(FIGS. 32 and 39). No significant self-annealing of the 
twenty common probe-czip sequences was detected by 
computer analysis (data not shown). 
0287. The Zip codes were deposited using a contact 
deposition system generating 8 Subarrays per slide. The 
deposition scheme is shown in FIG. 28. In order to verify the 
deposition quality of the Zip Code oligonucleotides on the 
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slides, we performed hybridisations with Cy3 labelled 
poly(dt) complementary to the poly(da)o sequence of each 
Zip Code. 
LDR Detection onto Universal Array of Cyanobacterial 16S 
rDNA Samples 
1) Probes Specificity 
0288 The specificity of the probes for freshwater cyano 
bacterial groups was tested using PCR amplified 16S rRNA 
gene coming either from pure strains (both axenic and 
isolated in this study) or from cloned rDNA sequences. All 
pure strains used to validate the LDR probes are described 
in FIG. 33. The sequences obtained from the clones have 
been aligned in the ARB database with the sequences of pure 
cyanobacterial strains in order to define their phylogenetic 
group. The clones used are described in FIG. 34. 
0289 LDRs were conducted in the presence of the PCR 
product of each single strain or clone as template and in the 
presence of all the probes (discriminating probes and com 
mon probes). 
0290. A negative control of the entire process was per 
formed using double distilled water instead of genomic 
DNA as PCR template. After standard cycling, ten microli 
ters of the reaction mixture were used in the LDR. Following 
hybridisation on the Universal Array, no signal was detected 
even setting PMT and laser to 95% of their power (data not 
shown). 
0291. In the presence of the proper DNA template, the 
Universal Array behaved as expected: only group specific 
spots, universal spots and the spots corresponding to the 
hybridization control showed positive signal. Some of the 
results are shown in FIG. 29. 

2) Probe Sensitivity 

0292. In order to establish the detection limit of the 
method and the correlation between signal intensity and 
template concentration, we performed Ligation Detection 
Reactions starting from 100 to 0.5 fimol of PCR products 
obtained from Planktothrix 1LT as substrates. The detected 
signals progressively decrease and a visible signal was 
detected up to 1 fmol of the PCR product. No signals were 
detected using 0.5 frnol of the substrates even setting PMT 
and laser to 95% of their power (data not shown). The linear 
correlation between signal intensity and template concen 
tration is shown in FIG. 31. 

3) Use of Artificial Mixes of PCR Products from Different 
Strains. 

0293. In order to determine the efficiency of the LDR 
method in presence of complex molecular targets, we used 
artificial mixes with unbalanced amounts of PCR products 
derived from the following cyanobacterial samples: Apha 
nizomenon sp. 202, Microcystis OBB 34S, Spirulina sub 
salsa PCC6313, Calotirix sp. PCC7714, clone Woronichinia 
OES46. After separate PCR reactions, the amplified frag 
ments were pooled in unbalanced LDR mixes using different 
ratios: 100:1, 50:1, 100:5, 50:5. In all these experiments 
Aphanizomenon sp. 202 and Microcystis OBB 34S were the 
more concentrated samples. Moreover, we mixed also 500 
fmol of the amplicon derived from Microcystis OBB 34S 
with 5 fmol of the PCR fragment obtained from Woroni 
chinia OES46 clone. After the hybridization of the LDR 
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products onto the Universal Array, the signals related to the 
lower concentrated template were not detected in the LDR 
mixes with these ratio: 100:1 and 50:1. Only in presence of 
the LDR products obtained from the mixes with the ratio 
100:5 and 50:5 all the expected signals are detected FIG. 29. 
The fluorescent intensity of the spots was quantified and the 
results are shown in FIG. 29. Furthermore, we compared 
also the results obtained using two LDR unbalanced mixes 
100:1 (100 fmol of Microcystis OBB 34S and 1 fmol each 
of Spirina, Woronichinia and Calothrix), in one of which 8 
U of Pfa DNA ligase was added, whereas the other was 
prepared using 4U of the enzyme, as described in Materials 
and Methods. Hybridization signals of the lower concen 
trated substrates were detected only from the LDR product 
obtained using 8 U of Pful DNA ligase instead of 4 U (FIG. 
30). 
0294 LDR Detection onto Universal Array of 16S rDNA 
and mcyE from Environmental Samples 

0295). We made PCR amplification from genomic DNA 
using 16S cyanobacteria specific primers. The PCR condi 
tions used are shown in FIG. 35. We made also PCR 
amplification from genomic DNA using mcyE gene primers. 
The ligation detection reaction was made under the same 
conditions by using an oligo mix containing both the probes 
for 16S rRNA gene and the probes for the mcyE gene as 
shown in FIG. 36. Finally the hybridization was carried on 
the same Universal Array where the 16S rRNALDR product 
and, mcyE LDR product were detected 

Example 7 

Microarray Platform for Toxic and Non-Toxic Detection in 
Cyanobacteria. 

Materials and Methods. 

0296 All chemicals and solvents were purchased from 
Sigma-Aldrich (Italy) and used without further purification. 
Oligonucleotides were purchased from Interactiva Biotech 
nologie GmbH (Germany). 

Ligation Probe Design 

0297. The mcyE probe design has been previously 
described in Example 5 in “Ligation probe design”. The 16S 
rRNA gene probe design has been previously described in 
Example 6 in “Ligation probe design, but was added the 
probe design for a further cyanobacteria group: Snowella. 
The Snowella probe design was performed using the 
updated ARB database containing 281 sequences from pub 
lic databases and 69 from this study (FIG. 25B). The updated 
database allowed to design specific probe for Aphanizome 
non and Anabaena subgroups as shown in FIG. 25C. The 
probe design allows the detection of 20 toxic and non-toxic 
cyanobacteria groups. 

Universal Array Preparation 

0298 Microarrays were prepared using CodeLinkTM 
slides (Amersham), designed to covalently immobilize NH 
modified oligonucleotides. 

0299 5' amino-modified Zip Code oligonucleotides, car 
rying an additional poly(daA) tail at their 5' end, were 
diluted to 25 M in 100 mM phosphate buffer (pH 8.5). 
Spotting was performed using a contact dispensing system 
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MicroGrid II (BioRobotics). Printed slides were processed 
according to the manufacturer's protocols. 8. Subarrays per 
slide were generated. 
0300. The Universal array used for the detection of toxic 
and non-toxic cyanobacteria was designed to detect both the 
16 rRNA and mcyE gene ligated probes. For this purpose the 
deposition scheme was improved as shown in FIG. 27B. We 
generated 8 subarray per slide. Each subarray is made of 208 
spots including Zipcodes for hybridization control, cyano 
bacterial universal probes, 16S rRNA gene specific probe, 
mcyE specific probe and empty spot as a negative control. 
Each specific zip code for the recognition of cyanobacteria 
universal probe, 16SS RNA gene probe and mcyE gene 
probe is spotted in quadruplicate. The LDR positive control 
(zipcode no 63) is replicated 6 times, while the hybridization 
positive control (Zipcode no 66) is replicated 8 times. 
0301 Quality control of printed surfaces was performed 
by sampling one slide from each deposition batch. The 
printed slide was hybridized with 1 uM 5' Cy3 labeled 
poly(dt), in a solution containing 5xSSC and 0.1 mg/ml 
salmon sperm DNA at RT for 2 h, then washed for 15 min 
in 1xSSC. The fluorescent signal was controlled by laser 
scanning following procedures described in 'Array hybrid 
ization, detection and data analysis'. 
PCR Amplification from DNA Samples 
0302) The PCR of mcyE gene and 16S rRNA gene were 
performed separately, using the conditions previously 
described in Examples 5 and 6 in “PCR amplification from 
DNA samples'. 
Ligation Detection Reaction 
0303. The Ligation Detection Reaction for toxic and 
non-toxic cyanobacteria detection was done mixing together 
the PCR product of 16S rRNA and mcyE gene and the 
discrimination and common probe specific for both 16S 
rRNA and mcyE gene, FIG. 36. 
0304 Ligation Detection Reaction was carried out in a 
final volume of 20 ul containing 20 mM Tris-HCl (pH 7.5), 
20 mM KC1, 10 mM MgCl, 0.1% NP40, 0.01 mM ATP 1 
mM DTT, 250 fmol of each discriminating probe, 250 fmol 
of each common probe, 10 fmol of the hybridization control 
and 25 fmol of purified PCR products. The reaction mixture 
was preheated for 2 min at 94° C. and spinned in a 
microcentrifuge for 1 min; then 1 ul of 4 U/ul Pfu DNA 
ligase (Stratagene, LaJolla, Calif.) was added. The LDR was 
cycled for 30 rounds of 90° C. for 30 sec and 60° C. for 4 
min in the GeneAmp PCR system 9700 thermal cycler 
(Applied Biosystems, California). 
Array Hybridization, Detection and Data Analysis 

0305. In a 0.5-ml microcentrifuge tube, the LDR mix (20 
ul) was diluted to obtain 65 ul of hybridization mixture 
containing 5xSSC and 0.1 mg/ml salmon sperm DNA. The 
mix, after heating at 94°C. for 2 min and chilling on ice, was 
applied onto the slide in the Press-To-Seal Silicone Isolators 
1.0x9 mm (Schleicher & Schuell). 
0306 Hybridization was carried out in a hybridization 
chamber in the dark at 65° C. for two hours in a temperature 
controlled water bath. After hybridization, the microarray 
was washed at 65° C. for 15 min in pre-warmed 1 xSSC, 
0.1% SDS. Finally, the slide was spinned at 80 g for 3 min. 
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0307 The fluorescent signals were acquired at 5 LAm 
resolution using a ScanArray(R 4000 laser Scanning system 
(PerkinElmer Life Sciences) with green laser for Cy3 dye 
( 543 nm/. 570 nm). Both the laser and the photomul 
tiplier (PMT) tube power were set at 70-95%. 
0308 To quantify the fluorescent intensity of the spots we 
used the QuantArray Quantitative Microarray Analysis soft 
ware (Perkin Elmer Life Sciences). 
0309 When statistical analyses were performed, we 
included the fluorescent intensity values obtained from 
replicated spots (four replicates spot for each group, eight 
replicates spot for the universal) and replicates experiments 
sets (three LDR-universal array experiments). 
Zip Codes Assignment and Quality Control of the Universal 
Array 
0310. We randomly selected 33 Zip code sequences from 
those described by Chen and co-workers, 2000. Each Zip 
code was randomly assigned to a single cyanobacterial 
group. Each common probe, for both 16S rRNA and mcyE 
gene recognitin, was synthesized to have the complementary 
Zip code (czip code) affixed to its 3' end (FIGS. 20, 32 and 
39). No significant self-annealing of the common probe 
cŽip sequences was detected by computer analysis (data not 
shown). 
0311. The Zip codes were deposited using a contact 
deposition system. The deposition scheme is shown in FIG. 
27B. In order to verify the deposition quality of the Zip Code 
oligonucleotides on the slides, we performed hybridisations 
with Cy3 labelled poly(dT) complementary to the poly(da) 
sequence of each Zip Code. Every controlled slide revealed 
intense fluorescent signals corresponding the spotted oligo 
nucleotides, as shown in FIG. 27B. This result indicated a 
rather uniform deposition of the oligos on the Universal 
Array. 

LDR Detection onto Universal Array of Cyanobacterial 16S 
rDNA and mcyE Samples 
Probes Specificity 
0312 The specificity of the probes was tested using PCR 
amplified 16S rRNA and mcyE gene coming from pure 
strains (both axenic and isolated in this study.) 
0313 A negative control of the entire process was per 
formed using double distilled water instead of genom DNA 
as PCR template. After standard cycling, ten microliters of 
the reaction mixture were used in the LDR. Following 
hybridisation on the Universal Array, no signal was detected 
even setting PMT and laser to 95% of their power (data not 
shown). 
0314. In the presence of the proper DNA template of both 
16S rRNA and mcyE genes, the Universal Array functioned 
very well: only group specific spots, universal spots and the 
spots corresponding to the hybridization control showed 
positive signal. Some of the results are shown in FIG. 30B. 
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