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A B S T R A C T

Cyanobacterial blooms and cyanotoxins occur in freshwater lakes and reservoirs all over the world. Bacterial
degradation of microcystins (MC), hepatotoxins produced by several cyanobacterial species, has also been
broadly documented. However, information regarding MC biodegradation in European water bodies is very
limited. In this paper, the occurrence and identification of MC biodegradation products was documented for 21
European lakes and reservoirs, many of which have well-documented cyanobacterial bloom histories. Varying
cyanobacterial abundance and taxonomical composition were documented and MC producers were found in all
the analysed samples. Planktothrix agardhii was the most common cyanobacterial species and it formed mass
occurrences in four lakes. MC biodegradation was observed in 86% of the samples (18 out of 21), and four
products of dmMC-LR decomposition were detected by HPLC and LC-MS methods. The two main products were
cyclic dmMC-LR with modifications in the Arg-Asp-Leu region; additionally one product was recognized as the
tetrapeptide Adda-Glu-Mdha-Ala. The composition of the detected products suggested a new biochemical
pathway of MC degradation. The results confirmed the hypothesis that microcystin biodegradation is a common
phenomenon in central European waters and that it may occur by a mechanism which is different from the one
previously reported. Such a finding implies the necessity to develop a more accurate methodology for screening
bacteria with MC biodegradation ability. Furthermore, it warrants new basic and applied studies on the char-
acterization and utilization of new MC-degrading strains and biodegradation pathways.

1. Introduction

Cyanobacterial blooms and production of cyanotoxins are a growing
global problem (Paerl, 2014). Microcystins (MCs) are the most com-
monly occurring toxins produced by cyanobacteria (Sivonen and
Börner, 2008). These toxins are monocyclic heptapeptides which in-
duce harmful effects in plant, animal and human cells (Rastogi et al.,
2014). The main risks for people are liver damage and tumor promo-
tion, but cardiotoxic and neurotoxic effects have been reported as well
(Rastogi et al., 2014). There were also incidents of hemodialysis centre
patients deaths, which most probably resulted from using MC-con-
taminated water in the process of hemodialysis (Jochimsen et al., 1998;
Azevedo et al., 2002). MCs were identified in serum and post-mortem

liver tissue samples of the patients, as well as in water-treatment de-
vices in the hemodialysis centre and in the reservoir serving as the
water source (Jochimsen et al., 1998). However, later studies revealed
also the presence of saxitoxin in water treatment devices of the he-
modialysis centre (Azevedo et al., 2002). Due to the use of many surface
waters as a source of drinking water or for recreation, the health pro-
blems related to MC toxicity are well documented. Among the MC
producers, there are cyanobacterial genera which form water blooms in
fresh and brackish water, such as Microcystis, Anabaena (both benthic
and planktonic species, the latter recently grouped in the new genus
Dolichospermum) and Planktothrix (Sivonen and Jones, 1999; Dittmann
et al., 2013; Grabowska et al., 2014). The occurrence of these potential
toxin producers is common in eutrophic waters in Europe (Gkelis and
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