
Supplement Table S1. The presence of detected cyanometabolites (m/z of their [M+H]+ ion) and cyanobacteria in the Curonian Lagoon during the study period. + – present of the compound or cyanobacteria. AER – aeruginosin, AEG – aeruginosamide, ANTX – anatoxin, 

AP – anabaenopeptin, CP – cyanopeptolin, MC – microcystin, Mg – microginin, NOD – nodularin, Osc – oscillamide. Stations: 1st – Nida, 2nd – Juodkrantė, 3rd – Dreverna, 4th – Ventė, 5th – Smiltynė.  T.s. – this study. 

Different colours indicate relative cyanobacteria taxon biomass from the total cyanobacteria biomass.  
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 

1 2013-08-11 +     +   +   +       + +         + + + +                   + +                     +         + 6,08 + + + + + + 

1 2013-08-24 +     +   +   +       + +         + + + +             +     + +                               + 9,26 + + + + + + 

1 2013-09-09 + +   +   +   +   +   +   + +     + + + +                   +       +                           10,98 + + + + + + 

1 2013-10-23 +     +   +   +   +     +         + + + +                   +       +                           91,26 + + + + + + 

1 2014-07-16 +     +   + + +   +                   +                 +                                       8,23 + + + + + + 

1 2014-07-23 +     +   +   + + +     +         +   +                 +                                       7,95 + + + + + + 

1 2014-07-29 +     +   +   +       + +                                                         +             7,99 + + + + + + 

1 2014-08-04 +     +   +   +         +           + +                             +         +                 12,00 + + + + + + 

1 2014-08-12 +     +   +   +   +   + +             +                 +           +         +                 4,52 + + + + + + 

1 2014-08-26 +     +   +   +   +   + +           + +               + + +                 + +                 4,53 + + + + + + 

1 2014-09-05 +     +   +   +         +             +                         +   + + +   + + +               165,78 + + + + + + 

1 2014-09-17 +     +   +   +   +   + +         + + + +             + +   + +     +         +         +       69,06 + + + + + + 

1 2014-10-03 + +   +   +   +   +   + +         + + + +             + +   + +                               + 16,12 + + + + + + 

1 2014-10-15 +     +   +   +   +     +         + + + +             + +   +               +                   97,51 + + + + + + 

1 2014-10-22 +     +   +   +   +   + +         + + + +             + +   +       +       +                 + 81,38 + + + + + + 

1 2014-11-12 +     +   +   +   +     +         +   +               + +                                     + 12,07 +   + + + + 

1 2015-10-09       +   +   +         +         + + + +               +                                     + 20,44 +   + + + + 

1 2015-10-28       +   +   +         +         +   + +                                                       11,18 +   + + + + 

1 2015-12-10       +       +         +         +                                                             4,27 +   + + + + 

1 2015-12-29       +       +         +             +                                                         5,78 +   + + + + 

1 2016-01-18       +                                                                                         0,20 + + + + + + 

1 2016-01-29       +                                                                                         0,08 + + + + + + 

1 2016-02-17       +                                                                                         0,39     + + + + 

1 2016-03-03       +                 +             +                                                         3,44     + + + + 

1 2016-03-16       +       +                       +                                                         0,52     + + + + 

1 2016-03-30       +                                               +                                         1,06   + + + + + 

1 2016-04-15       +   +   +                       +               +                                         0,68   + + + + + 

1 2016-05-06       +   +                                                                                     3,38 + + + + + + 

1 2016-05-24 +     +   +             +         +   + +               +                                       5,86 + + + + + + 

1 2016-06-02 +     +   +   +         +         +   + +               +                                       3,35 + + + + + + 

1 2016-06-14 +     +       +         +         +   +                 +                                       10,23 + + + + + + 

1 2016-07-01       +       +         +         +                     +                                       11,98 + + + + + + 

1 2016-07-13 +     +       +         +         +   +                 +                                       8,81 + + + + + + 

1 2016-07-27 +     +       +         +         +   +                 +                                       6,89   + + + + + 

1 2016-08-12 +     +   +   +   +   + +         + + + +               +                                       6,02   + + + + + 

1 2016-08-29 +     +   +   +       + +         + + + +               +                                       13,26 + + + + + + 

1 2016-09-08 +     +   +   +       + +         + +                                                           5,40 + + + + + + 



1 2016-09-26 +     +   +   +   +   + +         + +   +               +                                       16,57 + + + + + + 

1 2016-10-11 +     +   +   +         +         + + + +               +                                       13,20 +   + + + + 

1 2016-10-31 +     +   +   +   +     +         + + + +               +                                       8,43 + + + + + + 

1 2016-12-29       +       +                                                                                 0,30 +   + + + + 

1 2017-02-15       +       +                                                                                 0,01     + +   + 

1 2017-03-14       +       +                                                                                 0,07     + + + + 

1 2017-06-16 +   + +   +       +       + +     + + + +                   + +                                 4,68   + + + + + 

1 2017-07-11 +     +   +   +   +     +         + + + +                   +                                   2,99 + + + + + + 

1 2017-07-19 +     +   +   +         + +           + +             + +                                       2,86 +   + + + + 

1 2017-08-08 +     +       +         +             +                                                         3,48 + + + + + + 

1 2017-09-05 +     +   +   +   +           +   +   + +             +     + +                     +           4,65 + + + + + + 

2 2013-08-11 +     +   +   +   +   +           + + + + +                 +                                   6,46 + + + + + + 

2 2013-08-17 + + + +   +   +       + +   +     + + + +       +     + +   +                                 + 7,69 + + + + + + 

2 2013-08-24 +     +   +   +   +   +     +     + + + +             +     + +                                 4,88 + + + + + + 

2 2013-10-23 +     +   +   +   +               + + + +                   +                                 + 30,61 + + + + + + 

2 2014-07-16 +     +   +   +                   +                   +                                         0,73     + +   + 

2 2014-07-23 +     +   +   +                   +   +                 +                                       9,41 + + + + + + 

2 2014-07-29 +     +   +   +   +   + +         +                           +                                 5,35 + + + +   + 

2 2014-08-06 +     +   +   +   +   +           +   +                 +                                       0,98 + + + +  + 

2 2014-08-12 +     +   +   +       + +         +   +               +                 +   +                   3,53 + + + +   + 

2 2014-08-27 +     +   +   +                   +                                                             0,73 + + + + + + 

2 2014-09-05 +     +   +       + +   +         + + + +             +     +   +   +       + +                 34,20 + + + +  + + 

2 2014-09-19 +   + + + +   +   +   + +         + + + +           + +     + +     +   +   + +                 5,09 + + + + + + 

2 2014-10-03 +     + + +   +   + + + +         + + + +           + + +   + + +             +                 35,06 + + + +   +  

2 2014-10-17 +     +   +   +   + +   +   +     + + + +         +         +       +       +                   5,19 +   + + + + 

2 2014-10-24 +     +   +   +   +     +   +     + + + +             + +   +       +               +           8,66 +   + +   + 

2 2014-11-12 +     +   +         +                 +                 +           +                           16,35 +   + +   +  

3 2013-08-12 +     +   +   +       +             + +                                                         1,10 + + + + + + 

3 2013-08-19       +   +   +                                                                                 0,67 + + + + + + 

3 2013-08-24       +   +   +                       +                                                         0,38 + + + + + + 

3 2013-09-07 +     +   +   +   +   +           + + + +           +       + +                               + 6,64 + + + + + + 

3 2013-10-24       +   +   +                                                                                 0,28 +   + + + + 

3 2014-07-14       +       +                     +                                                           0,03       +   + 

3 2014-07-22       +                                                                                         0,20 + + + +   + 

3 2014-07-28       +       +                                                                                 0,42     + + + + 

3 2014-08-05       +       +                                                                                 0,58     + + + + 

3 2014-08-26 +     +   +   +   + + +           +   + +               +     +                     +           0,80 + + + + + + 

3 2014-09-07 +     +   +       +   +     +     + +   +                     + +   +         +                 10,50 + + + +   + 

3 2014-09-17 +     +   +   +   +   + +         +   +               + +   +                                 + 1,71 + + + + + + 

3 2014-09-30 +     + + +   +   +   +     +     + +   +           + +     + +                               + 0,22 +   + + + +  

3 2014-10-22 +     +   +   +         +       + +   +     +         + +   +               +                 + 1,43 +   + + + + 

4 2013-08-13 + +   +       +                   +                                                             8,67 + + +   + + 

4 2013-08-19 +     +       +                   +                     +                                       10,22 + + +     + 

4 2013-08-24 +     +   +   +       +             + + +               +                                       3,92 + + + + + + 

4 2013-09-07 +     +   +   +   +   +     +     + + + +             +     +                                 + 9,84 + + + + + + 

4 2013-10-24       +       +                                                                                 0,04 + + + +   + 

4 2014-07-14 +     +   +                                                                                     0,01 + + + +   +  

4 2014-07-22       +       +   +                                                                             0,03 +         + 

4 2014-07-28 +     +   +   +   +                                                                             0,75 + + + + + + 

4 2014-08-04 +     +       +         +                                                                       5,98   + + + + + 

4 2014-08-12 +     +       +                                       +                           +             3,26 + + +     + 

4 2014-08-31 +     +   +   +     + + +           + +               + +                     +                 6,85 +   + +   + 

4 2014-09-07 +     +   +   +       +                               +                                         1,90 +     + + + 

4 2014-09-15 +     +   +   +       +           + +                 + +   +               +       +           2,23 + + + + + + 

4 2014-10-02 +     +   +   +         +         +   +               + +   +       +       + +                 20,76 +   + +    + 

4 2014-10-14 + +   +       +         +                               +                                     + 0,09     + + + + 

4 2014-10-22 +     +       +         +         +   +                 +                   +     +   +       + 0,72 +   + + + + 

4 2014-11-12 +     +       +                               +         +                                       0,07 +   + + +  + 

5 2015-10-09       +   +             +         + + + +             + +                                       13,71 + + + + + + 

5 2015-10-28                                                                                                 0,34 +     + + + 

5 2015-12-10                                                                                                 0,12 +     + + + 

5 2015-12-29                         +                                                                       5,62 +     + + + 

5 2016-01-18                                                                                                 0,10 +   + + + + 

5 2016-01-29                                                                                                 0,05       + + + 



5 2016-02-17                                                                                                 0,17     + + + + 

5 2016-03-03                                                                                                 0,65 +   + + + + 

5 2016-03-16                                                                                                 0,22       + + + 

5 2016-03-30                                                                                                 0,14   + + + + + 

5 2016-04-15       +                               +                                                         0,23   +   + + + 

5 2016-05-06       +   +                       +                                                             1,55 + +   + + + 

5 2016-05-24       +   +       +     +         + + + +               +                                       4,86 + +   + + + 

5 2016-06-02       +   +             +         +   +                 +                                       4,30     + + + + 

5 2016-06-14       +   +   +         +         + + + +               +                                       5,99 + + + + + + 

5 2016-07-01       +                 +             +                                                         2,89 + + + + + + 

5 2016-07-13       +       +     +   +             +                                                         2,72 + + + + + + 

5 2016-07-27       +             +   +                                                                       2,19 + + + + + + 

5 2016-08-12       +             + + +                                                                       1,50 + + + + + + 

5 2016-08-29       +   +   +   + + + +         + +                                                           6,30 + + + + + + 

5 2016-09-08       +   +           + +         + + +                                                         15,33 + + + + + + 

5 2016-09-26       +   +       +   + +         + + + +                   +                                   14,90 + + + + + + 

5 2016-10-11       +   +   +   +   + +           + + +               +                                       8,97 + + + + + + 

5 2016-10-31       +                 +                                                                       0,45 + + + + + + 

5 2016-12-29       +       +         +                                                                       0,15 +     + + + 

5 2017-02-15       +   +   +                                                                                 0,05       +   +  

5 2017-03-14       +       +                                                                                 0,02       + + + 

5 2017-06-16       +   +       +     +         +   + +                                                       0,52 +     + + + 

5 2017-07-11       +   +       +               + + + +               +                 +                     5,12 + + + + + + 

5 2017-07-19       +   +   +   +         +     + + + +                   +                             + +   1,09 + + + + + + 

5 2017-08-08       +       +                   +     +                                                       0,41 + + + + + + 

5 2017-09-05       +   +   +   +     + + +     +   + +           +   +   + + + +                             4,67 + + + + + + 

References 

1. Namikoshi, M.; Sivonen, K.; Evans, W.R.; Carmichael, W.W.; Rouhiainen, L.; Luukkainen, R.; Rinehart, K.L. Structures of three new homotyrosine-containing microcystins and a new homophenylalanine variant from Anabaena sp. strain 66. Chem. Res. Toxicol. 1992, 5, 661–666, doi:10.1021/tx00029a011. 

2. Luukkainen, R.; Sivonen, K.; Namikoshi, M.; Fardig, M.; Rinehart, K.L.; Niemela, S.I. Isolation and identification of eight microcystins from thirteen Planktothrix agardhii strains and structure of a new microcystin. Appl. Environ. Microbiol. 1993, 59, 2204–2209, doi:10.1128/AEM.59.7.2204-2209.1993. 

3. Kusumi, T.; Ooi, T.; Watanabe, M.M.; Takahashi, H.; Kakisawa, H. Cyanoviridin RR, a toxin from the cyanobacterium (blue-green alga) Microcystis viridis. Tetrahedron Lett. 1987, 28, 4695–4698, doi:10.1016/S0040-4039(00)96600-0 

4. Okello, W.; Portmann, C.; Erhard, M.; Gademann, K.; Kurmayer, R. Occurrence of microcystin-producing cyanobacteria in Ugandan freshwater habitats. Environ. Toxicol. 2010, 25, 367–380, doi:10.1002/tox.20522 

5. Meriluoto, J.A.O.; Sandström, A.; Eriksson, J.E.; Remaud, G.; Grey Craig, A.; Chattopadhyaya, J. Structure and toxicity of a peptide hepatotoxin from the cyanobacterium Planktothrix agardhii. Toxicon 1989, 27, 1021–1034, doi:10.1016/0041-0101(89)90153-0. 

6. Stoner, R.D.; Adams, W.H.; Slatkin, D.N.; Siegelman, H.W. The effects of single L-amino acid substitutions on the lethal potencies of the microcystins. Toxicon 1989, 27, 825–828, doi:10.1016/0041-0101(89)90051-2. 

7. Azevedo, S.M.F.O.; Evans, W.R.; Carmichael, W.W.; Namikoshi, M. First report of microcystins from a Brazilian isolate of the cyanobacterium Microcystis aeruginosa. J. Appl. Phycol. 1994, 6, 261–265, doi:10.1007/BF02181936. 

8. Krishnamyrthy, T.; Szafraniec, L.; Hunt, D.F.; Shabanowitz, J.; Yates, J.R.; Hauer, C.R.; Carmichael, W.W.; Skulberg, O.; Codd, G.A.; Missler, S. Structural characterization of toxic cyclic peptides from blue-green algae by tandem mass spectrometry. Proc. Natl. Acad. Sci. USA 1989, 86, 770–774, doi:10.1073/pnas.86.3.770. 

9. Namikoshi, M.; Choi, B.W.; Sakai, R.; Sun, F.; Rinehart, K.L.; Evans, W.R.; Carmichael, W.W.; Cruz, P.; Munro, M.H.G.; Blunt, J.W. New nodularins: A general method for structure assignement. J. Org. Chem. 1994, 59, 2349–2357, doi:10.1021/jo00088a014. 

10. Sanchez, J.A.; Otero, P.; Alfonso, A.; Ramos, V.; Vasconcelos, V.; Aráoz, R.; Molgó, J.; Vieytes, M.R.; Botana, L.M. Detection of anatoxin-a and three analogs in Anabaena spp. cultures: New fluorescence polarization assay and toxin profile by LC-MS/MS. Toxins 2014, 6, 402–415, doi:10.3390/toxins6020402. 

11. Lawton, L.A.; Morris, L.A.; Jaspars, M. A bioactive modified peptide, aeruginosamide, isolated from the cyanobacterium Microcystis aeruginosa. J. Org. Chem. 1999, 64, 5329–5332, doi:10.1021/jo990247i 

12. Okumura, H.S.; Philmus, B.; Portmann, C.; Hemscheidt, T.K. Homotyrosine-containing cyanopeptolins 880 and 960 and anabaenopeptins 908 and 915 from Planktothrix agardhii CYA 126/8. J. Nat. Prod. 2009, 72, 172–176, doi:10.1021/np800557m 

13. Erhard, M.; von Döhren, H.; Jungblut, P. Rapid ifdentification of the new anabaenopeptin G from Planktothrix agardhii HUB 011 using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry. Rapid Commun. Mass Spectrom. 1999, 13, 337–343, doi:10.1002/(SICI)1097-0231(19990315)13:5<337::AID-RCM488>3.0.CO;2-Q. 

14. Shin, H.J.; Matsuda, H.; Murakami, M.; Yamaguchi, K. Anabaenopeptins E and F, two new cyclic peptides from the cyanobacterium Oscillatoria agadhii (NIES-204). J. Nat. Prod. 1998, 60, 139–141, doi:10.1021/np960597p. 

15. Harada, K.-I.; Fujii, K.; Shimada, T.; Suzuki, M.; Sano, H.; Adachi, K.; Carmichael, W.W. Two cyclic peptides, anabaenopeptins, a third group of bioactive compounds from the cyanobacterium Anabaena flos-aquae NRC 525-17. Tetrahedron Lett. 1995, 36, 1511–1514, doi:10.1016/0040-4039(95)00073-L 

16. Murakami, M.; Shin, H.J.; Matsuda, H.; Ishida, K.; Yamaguchi, K. A cyclic peptide, anabaenopeptin B, from the cyanobacterium Planktothrix agardhii. Phytochemistry 1997, 44, 449–452, doi:10.1016/S0031-9422(96)00437-2. 

17. Fujii, K.; Harada, K.-I.; Suzuki, M.; Kondo, F.; Ikai, Y.; Oka, H.; Sivonen, K. Novel cyclic peptides together with microcystins produced by toxic cyanobacteria. In Harmful and Toxic Algal Blooms; Yatsumoto, T., Oshima, Y., Fukuyo Y., Eds.; Intergovernmental Oceanographic Commission of UNESCO: Paris, France, 1996, pp. 559–562.  

18. Zafrir-Ilan, E.; Carmeli, S. Eight novel serine proteases inhibitors from a water bloom of the cyanobacterium Microcystis sp. Tetrahedron 2010, 66, 9194–9202, doi:10.1016/j.tet.2010.09.067. 

19. Ishida, K.; Christiansen, G.; Yoshida, W.Y.; Kurmayer, R.; Welker, M.; Valls, N.; Bonjoch, J.; Hertweck, C.; Börner, T.; Hemscheidt, T.; et al. Biosynthesis and structure of aeruginoside 126A and 126B, cyanobacterial peptide glycosides bearing a 2-carboxy-6-hydroxyoctahydroindole moiety. Chem Biol. 2007, 14, 565–576, doi:10.1016/j.chembiol.2007.04.006. 

20. Murakami, M.; Okita, Y.; Matsuda, H.; Okino, T.; Yamaguchi, K. Aeruginosin 298-A, a trombin and trypsin inhibitor from the blue-green alga MIcrocystis aeruginosa (NIES-298). Tetrahedron Lett. 1994, 365, 3129–3132, doi:10.1016/S0040-4039(00)76848-1 

21. Ploutno, A.; Shoshan, M.; Carmeli, S. Three novel protease inhibitors from a natural bloom of the cyanobacterium Microcystis aeruginosa. J. Nat. Prod. 2002, 65, 973–978, doi:10.1021/np010597b 

22. Zervou, S.-K.; Kaloudis, T.; Hiskia, A.; Mazur-Marzec, H. Fragmentation mass spectra dataset of linear cyanopeptides – microginins. Data Brief 2020, 31, 105825, doi:10.1016/j.chemosphere.2020.125961. 
 


