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Ciguatera Food Poisening

� Considered as the most frequent food poisoning of 

marine origine worldwide (~200 000 cases /year).

� Symptoms : digestive, neurological

(hypotension, bradycardia, paresthesia, cold allodynia, 

myalgia, arthralgia) and cardiac, potentially lethal.

� Long term prevalence and body sensitization effect = 

increase of symptoms severity upon next exposure, cross 

effects (ex : alcohol). 
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Ciguatera Food Poisoning

SYMPTOMES
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History : 

� First mention : Chen Tsang Chi, chinese doctor of the T’ang dynasty

(~650). 

� From the XVth century, Colomb, Magellan, Cortes, Vasco de Gama 

describe the disease in the  Caribbeans ; Fernandes de Quiros, Cook, 

Bligh,… in Pacific. 

� First precise description of a ciguatoxin intoxication : James Cook, Sept. 

7th 1774 Nouvelles-Hébride.

� The term ciguatera : attributed to cuban Felipe Poey, 1866 for a neuro-

digestive intoxication due to a marine gasteropode (Livona pica) whose

cuban name is « cigua ».
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- Among the most powerful marine biotoxines

(1 microgramme can kill a man)

- Produced by the dinoflagellate micro-algae

Gambierdiscus toxicus, upon corral reefs damage 

- Polycyclic polyethers, liposoluble, MW~1100 Da

- 3 famillies : Pacific = P-CTXs, Caribbean = C-CTXs, 

Indian Ocean =  I-CTXs. 

No simple detection test available !!! 

THE CAUSAL AGENT : 

CIGUATOXINES (CTXS) 

Gambierdiscus toxicus, 

(B Anderson, MBL.) 
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Ciguatoxines Molecular Structures

Pacific Ciguatoxines

Caribbean 
Ciguatoxines

(Nicholson and Lewis, Marin Drugs, 2006). 
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CFP Ciguatera Fish Poisoning
CSP  Ciguatera Shell Fish Poisoning
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World Repartition of Ciguatera
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CTXs Targets : Voltage Gated Sodium Channels

(Nicholson and Lewis, Marin Drugs, 2006). 
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CTXs Targets : 

Voltage Gated Sodium Channels

- VGSC play key roles in electric signal propagation in excitable 

tissues (nerves, heart, muscles). 

- Mechanism : local activation of VGSCs provokes a transiant

depolarization, responsible of the ascendant phase of the 

action potential. 

- CTXs stay fixed and prevent repolarization of VGSCs. 
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CTXs Detection : problematic

- Current assays : heavy, difficult, long, expensive, and/or 

unethical (Mouse bioassay, RBA, CBA, HPLC…) 

URGENT NEED FOR A SIMPLE DETECTION TOOL !!!

- Can we design a biosensor for Ciguatoxins ?  

- Yeast based bio sensors : interesting for several reasons

12
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Scientific Questions : 

� Cell wall permeability/reactivity towards toxins?

Investigation tools : cell wall mutants, tagged toxins. 

� Membrane target (receptor)? Binding?

Investigation tools : Cloning, 

SMFS with Atomic Force Microscopy.

� Cellular signalisation pathways? 

Investigation tools : reporters, Fluorescent proteins, 

western blotting, RT-PCR.
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Developping yeast-based Biosensors
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Biosensor strains design
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Ciguatoxins

Cna

Cmd

Expression of reporter 

protein

Crz

Signal (fluorescence or 
colorimetry)

Cellular signalling
pathway

Model Yeast

Saccharomyces 
cerevisiae

Cch1
Ca2+
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Response to Algal extracts

Increasing amounts of algal extracts

TB92 (toxic) HIT0 (non toxic)

Pure 

P-CTX-3C

CTRL

(Martin-Yken et al., Environmental Research, April 2018)



LISBP • Laboratoire d’Ingénierie des Systèmes Biologiques et des Procédés  • Page 16

Perspectives :

Understanding yeast cellular response to CTXs

- Cell wall transfert 

- Competition CTXs - Rosmarinic acid and tetrodotoxin.

- Inhibitory Effect of HIT0 extracts ???? 

- Activators / repressors / blokers of VGSC and Cch1 

- Hyper-active point mutants of Cch1 and Crz1, Chimera Cch1-VGSC 

Response Optimisation 

Developp a generic approach, apply to other toxins and drugs binding 
VGSCs. 

Future applications : build a bio-sensor : huge interest for 
Pharmacology and Environmental domains
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NeuroSens Project : LISBP-LAAS

Using Atomic Force Microscopy to study

Neurotoxines Binding on VGSCs

Functionalized AFM tip
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A totally Innovating Approach, very powerfull and precise.

Informations on nature and intensity of molecular interactions 

between key receptors of our neuronal and cardiac cells

and ligands of pharma. and env. interest.

Ex vivo testing of the inhibition of toxin fixation by potential

therapeutic molecules

Apply to other toxines (brevetoxines, ciguatoxines, rosmarinic

acid, tetrodotoxin…)

NeuroSens :
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� Institut Louis Malardé, Papeete (French Polynesia) :

Dr Mireille Chinain, Dr Hélène Taiana Darius.  

� IRD Polynésie française : Dr Dominique Laurent.

� LAAS CNRS Toulouse : 

Dr Etienne Dague, Dr Emmanuelle Trévisiol, 

Dr Christophe Furger, Camille Gironde. 

Collaborations :
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Thanks for your attention !

Interested in Microbial Adhesion ? 

Come to BioPhysAdh meeting, 10-11 septembre, Toulouse.

website : https://biophysadh.sciencesconf.org
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V

rôles dépolarisation de la membrane du neurone et propagation du PA

� �2�1

2000 aa

bloqueurs tétrodotoxine
anesthésiques locaux
anti-convulsivants
anti-arythmiques

TTX-S

TTX-R

CTXs Targets : Voltage Gated Sodium Channels
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