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Cyanobacterial toxins

A From anthropocentric

view cyanobacteria are

harmful organisms producing twoain classes of
toxins: neurotoxinsand hepatotoxins

A Acuteintoxications wit
common and usually

A Acuteintoxications wit

nneurotoxinsare relatively
present akellfishpoisoning.

nhepatotoxicceyanopeptices

are relatively rare, but life threatening human
Intoxicationsand fatalitieshavealso occurred



Cyanobacterial neurotoxins

Neurotoxiclipopeptides

Antillatoxin, jamaicamides, hermitamide and kalkitoxin are neurotoxic lipopeptides prodogathrine
cyanobacteriaSome of them arsodiumchannelactivatorsand the others havan oppositeaction:they
inhibit voltagegated sodiunthannels

Neurotoxicalkaloids

Theycanbe divided in three groups: 1) anatoxins acting on cholinergic sy&saxitoxinghat block voltage
gated sodium channeland3) unusual, nofproteinogenic amin@cids

1. Anatoxins
Anatoxins present a serious health hazdiaey reach food chain and cause severe neurotoxicity.

Anatoxina and homoanatoxia are powerful agonistsf nicotinicAChRcausingdepolariation of muscle
membranes Thisinitiates twitches progressing to generalizedciculationsand finally muscular
weakness.

Anatoxina(s) is different from anatoxia and homoanatoxHa. It is an organophosphate produced by
cyanobacteriaLikechemical warfare agentarinandsomanit 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 dinoflagealatbg some
freshwater cyanobacteria. They are a common cause of paralytic shellfish poisoninggB&f§y)ind to
nerve and muscle sodium channels with 20 to 60 times higher affinity than to sodium channels in hee
muscle and in denervated skeletal muscle

A

3. Nonproteinogenic amin@cids such as the nusualneurotoxicaminoacidbeta-N-methylamincL-alanine
(BMAA) and 2 dliaminobutyric acidDAB)Ythat may causslowlyprogressiveneurodegeneratn.



Dermatotoxic and hepatotoxic
cyanobacterial alkaloids

Lyngbyatoxin

Lynghyatoxins acyanotexinsisolatedfrotynghya majusculdt causes seaweed-dermatitis
characterizedy inflammationand formation-ofxesiclesron the exposskin It is alsoa
potent tumour promoter.

Aplysiatoxin
Aplysiatoxin i@another cyanobacterial lalkaloid that causes skindrritation andtexhibits-atumour

promoting activity. Aplysiatoxincompeteswith-another tumoun prometer,; phorboel ester, for
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Cvlindrospermopsin

Cylindrospermopsins produced by a number of freshwater cyanobacteria worldwide.vivo
experiments on micénaveshown thatliver is the priimanyttargetoof thdoxin. Hepatocytes
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toxin isalso toxic to kidney, thymusnd lung

Themechanism of its action iseduction of glutathione synthesidollowed by induction of DNA
strands breaks, inhibition of protein synthesis and interference with agfcle It has been
proposed that genotoxicity of cylindrospermopsin is also mediated by CYP d$QYP450
inhibition completely abolished genotoxicity induced by th&bxin.




Hepaioioxic cytlic cyanopapices

Severabpecies of freshwater cyanobacteria produce different
groups of toxigpeptides Theycan be roughly divided ipenta-
and hepta peptidesthat contain norproteinogenic amino
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Nodularinsare cyanobacterial pentapeptides anucrocystins
are heptatpeptides. Acute intoxication with nodularin or
microcystins causes severe liver damage with dilated sinusoid
and extensive intrdnepatic haemorrhage. Evidently their
primarytargetin acute intoxications liver, therefore they are
considered to be potenhepatotoxins.



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 Anion-

Transporting 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 OATPSs in organs.
Microcystins and nodularin share the same molecular targets and

mechanisms of their toxic effects.



MCs affect liver function
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Primarnipodganjihepatociti, slika
aktinskih filamentovA: kontrola.B:
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Microcystin
(MCYST)

Primarnihumanihepatociti, slika
aktinskih filamentovA: kontrola.B:

3 ure po dodatku 50 nM
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HUMAN HEPATOCYTES: From actin condensa
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Effects of
chronic
administration
of MCLR on
liver



Effect of chronic treatment with ME
LR and ME&YR orthe integrity of the
actin filaments.

Theexperimental groupsvere
treated every second day for eight
months by MGLR (10ng/kgi.p.) or
with MGYR (10 mg/kgp.), and the
control group withthe vehicleonly.
Double arrowsproximal

convoluted tubuli,

Single arrowsdistalconvoluted
tubuli.

(&) proximalconvolutedtubuli at
higher magnification;
(XL)distalconvolutedtubuli at higher
magnification.

In ratstreated with MCs there was
increased intensity of fluorescence
within the cytoplasm of the epithelial
cells of theproximal(doublearrows)
and of thedistal(singlearrows)
convolutedtubuli




