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Cyanobacterial toxins
• From anthropocentric view cyanobacteria are
harmful organisms producing two main classes of
toxins: neurotoxins and hepatotoxins.
• Acute intoxications with neurotoxins are relatively
common and usually present as shellfish poisoning.
• Acute intoxications with hepatotoxic cyanopeptides
are relatively rare, but life threatening human
intoxications and fatalities have also occurred

Cyanobacterial neurotoxins
Neurotoxic lipopeptides
Antillatoxin, jamaicamides, hermitamide and kalkitoxin are neurotoxic lipopeptides produced by marine
cyanobacteria. Some of them are sodium channel activators and the others have an opposite action: they
inhibit voltage-gated sodium channels.

Neurotoxic alkaloids
They can be divided in three groups: 1) anatoxins acting on cholinergic system 2) saxitoxins that block voltage
gated sodium channels and 3) unusual, non-proteinogenic amino acids:
1. Anatoxins
Anatoxins present a serious health hazard. They reach food chain and cause severe neurotoxicity.
Anatoxin-a and homoanatoxin-a are powerful agonists of nicotinic AChR causing depolarization of muscle
membranes. This initiates twitches progressing to generalized fasciculations and finally muscular
weakness.
Anatoxin-a(s) is different from anatoxin-a and homoanatoxin-a. It is an organophosphate produced by
cyanobacteria. Like chemical warfare agents sarin and soman it irreversibly binds to AChE, an enzyme
responsible for the cessation of ACh action in cholinergic synapses.
2. Saxitoxins
Saxitoxins comprise over 50 structurally related molecules produced by dinoflagellates and by some
freshwater cyanobacteria. They are a common cause of paralytic shellfish poisoning (PSP) as they bind to
nerve and muscle sodium channels with 20 to 60 times higher affinity than to sodium channels in heart
muscle and in denervated skeletal muscle
•

3. Non proteinogenic amino acids, such as the unusual neurotoxic aminoacid beta-N-methylamino-L-alanine
(BMAA) and 2,4-diaminobutyric acid (DAB) that may cause slowly progressive neurodegeneration.

Dermatotoxic and hepatotoxic
cyanobacterial alkaloids
Lyngbyatoxin
Lyngbyatoxin is a cyanotoxin isolated from Lyngbya majuscula. It causes seaweed dermatitis
characterized by inflammation and formation of vesicles on the exposed skin. It is also a
potent tumour promoter.
Aplysiatoxin
Aplysiatoxin is another cyanobacterial alkaloid that causes skin irritation and exhibits a tumour
promoting activity. Aplysiatoxin competes with another tumour promoter, phorbol ester, for
binding to a “phorbol-12,13-dibutirate” receptor.

Cylindrospermopsin
Cylindrospermopsin is produced by a number of freshwater cyanobacteria worldwide. In vivo
experiments on mice have shown that liver is the primary target of the toxin. Hepatocytes
in culture underwent apoptosis and necrosis when applied in 1 to 2 µM concentration. The
toxin is also toxic to kidney, thymus and lung.
The mechanism of its action is reduction of glutathione synthesis followed by induction of DNA
strands breaks, inhibition of protein synthesis and interference with cell cycle. It has been
proposed that genotoxicity of cylindrospermopsin is also mediated by CYP 450 as CYP450
inhibition completely abolished genotoxicity induced by that toxin.

Hepatotoxic cyclic cyanopeptides
Several species of freshwater cyanobacteria produce different
groups of toxic peptides. They can be roughly divided in pentaand hepta- peptides that contain non-proteinogenic amino
acids, typically the β-amino acid Adda.
Nodularins are cyanobacterial pentapeptides and microcystins
are heptatpeptides. Acute intoxication with nodularin or
microcystins causes severe liver damage with dilated sinusoids
and extensive intra-hepatic haemorrhage. Evidently their
primary target in acute intoxication is liver, therefore they are
considered to be potent hepatotoxins.

Nodularin and microcystins cannot freely cross cell membranes to enter
into a cell; therefore they must use a transport mechanism in the

membranes of target cells. Their uptake of depends primarily on an
energy-dependent transport process involving Organic AnionTransporting Polypeptides (OATP). These transporters are most

abundant in liver, but they are also present in brain, heart, kidney,
lung and intestinal epithelial cells. Organotropism of hepatotoxic
cyanopeptides follows the distribution of OATPs in organs.
Microcystins and nodularin share the same molecular targets and
mechanisms of their toxic effects.
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Primarni podganji hepatociti, slika
aktinskih filamentov. A: kontrola. B:
3 ure po dodatku 50 nM
mikrocistina-LR. Laserska
konfokalna fluorescenčna
mikroskopija, aktinski filamenti
označeni z rodamin faloidinom,
jedro je označeno s Sytox Green

Primarni humani hepatociti, slika
aktinskih filamentov. A: kontrola. B:
3 ure po dodatku 50 nM
mikrocistina-LR. Laserska
konfokalna fluorescenčna
mikroskopija, aktinski filamenti
označeni z rodamin faloidinom,
jedro je označeno s Sytox Green

HUMAN HEPATOCYTES: From actin condensation
to apoptotic bodies after exposure to 50 µM MCLR

Effects of
chronic
administration
of MCLR on
liver

Effects of chronic administration of MCLR on kidney

Effect of chronic treatment with MCLR and MC-YR on the integrity of the
actin filaments.
The experimental groups were
treated every second day for eight
months by MC-LR (10 mg/kg i.p.) or
with MC-YR (10 mg/kg i.p.), and the
control group with the vehicle only.
Double arrows: proximal
convoluted tubuli,
Single arrows: distal convoluted
tubuli.
(G–I) proximal convoluted tubuli at
higher magnification;
(J–L) distal convoluted tubuli at higher
magnification.
In rats treated with MCs there was
increased intensity of fluorescence
within the cytoplasm of the epithelial
cells of the proximal (double arrows)
and of the distal (single arrows)
convoluted tubuli

Laser confocal micrography of rat kidney tubules. Upper pannel
shows normal kidney medulla and lower pannel kidney medula from
rat after chronic intoxication with MCLR. SYTOX-green shows nuclei
that are less intensively stained in cels intpxicated with MCLR. Actin
filaments are stained with rhodamin-phaloidin
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Microcystin YR
causes DNA damage
in rat hepatocytes
and epithelial cells
from kidney cortex.

Intact DNA (A) and a “tail” (B) seen by comet assay
The amount of DNA in the
“tail” after sub chronic
exposure (3 weeks) of
experimental
animals
to
microcystin YR. DNA damage
is similar in liver and in kidney
cells. Blue bar: control;
animals treated with the
vehicle (0.8 % ethanol and
0.2 % methanol dissolved in
0.9 % saline). Red bar:
animals treated with 15 g
MC-YR/kg i.p., dissolved in
the vehicle solution.

Heart section of a rat treated with MC-YR (A, C) and vehicle (B, D) and stained by the
HE (A, B) and sirius red (C, D) method. MC-YR section shows a short run of enlarged
myocardial fibre interrupted by connective tissue (CT) (A, C), a sparse lymphocyte (arrow-head, A)
and sparse macrophage (arrow, A) infiltrates, enlarged cardiomyocyte nucleus (two thin arrows,
A) and fragmentation of cardiomyofibrils (thin arrow, A). Bar (A, B, C, D) = 30 μm

Intracellular localisation of
MC-LW and MC-LF in cortical
astrocytes.
Astrocytes were incubated
with MCs or control solvent
for 24 h and stained with
anti-Adda primary antibody
which detects the MC
specific amino acid Adda
(green) and DAPI (blue).
The intensity of anti-Adda
staining increases with MC
concentration. Scale bar, 10
mm.

Changes in the astrocyte tubulin network following exposure to MC-LW and MC-LF.
Rat cortical astrocytes were exposed to control solvent (control) or to 0.5, 2 or 10 mM
MC-LW (LW), MC-LF (LF) for 24 h, fixed and immune-stained for tubulin. Control cells
show an extended filamentous tubulin network, while MC-LW and MC-LF induce
fragmentation of filaments that accumulate at the cell nucleus as the concentration
of MC increases. Scale bar, 10 mm.

CONCLUSION
• Cyanobacterial toxins are a serious hazard for
human health.
• Especially chronic exposure to low doses of
microcystins may cause several degenerative
diseases affecting not only liver but also
kidney, heart, nervous system and possibly
other organs.

