Ability of giant clams to bio-accumulate
ciguatoxins from Gambierdiscus cells

Ciguatera Fish Poisoning (CFP) is a sea-
food poisoning classically related to the
consumption of tropical coral reef fish
contaminated with ciguatoxins (CTXs).
These polyether neurotoxins are pro-
duced by dinoflagellates in the genus
Gambierdiscus [1]. Pacific Island Coun-
tries and Territories (PICTs) commu-
nities, who are dependent on seafood
for their subsistence but also for fish-
ery and tourism industries, are among
the populations most affected by CFP
worldwide [2]. In these countries, ma-
rine invertebrates such as giant clams
also constitute highly prized food re-
sources. Unfortunately, in several of
these PICTs such as French Polynesia,
New-Caledonia, Cook Islands and Re-
public of Vanuatu, atypical ciguatera-
like poisonings incidents following the
consumption of giant clams Tridacna
maxima (Fig. 1) have been reported
in recent years [3,4]. As an example,
in French Polynesia, official reports of
these atypical forms of poisonings fol-
lowing the consumption of various ma-
rine invertebrates including Tridacna
maxima (giant clam) [4], Tripneustes
gratilla (sea urchin) [5], and Tectus
niloticus (gastropod) [6] exist, although
they represent less than 10 cases/year
versus an average of 300 fish poisoning
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cases officially reported annually (www.
ciguatera-online.com). These statistics
about poisonings triggered by con-
sumption of marine invertebrates may
however be largely underestimated,
as marine invertebrate meals are of-
ten omitted in clinical reports whereas
fish meals are incriminated [5]. During
these ciguatera-like intoxications, clas-
sical symptoms of CFP are observed
(gastrointestinal disorders, reversal of
hot and cold sensations, itching, pares-
thesia, asthenia, muscular pain, dizzi-
ness), in addition to atypical symptoms
(alteration of the taste, burning sensa-
tion on the tongue and the throat, pa-
ralysis) [4], suggesting the involvement
of several toxin families, including CTX-
like toxins.

Giant clams are bivalve molluscs ca-
pable of filtering seawater and retaining
particles that are in suspension in the
water column such as microalgal cells.
Gambierdiscus cells have a tychopelag-
ic life style, meaning that this benthic
dinoflagellate can temporarily become
free-swimming in the water column, es-
pecially in high-energy environments.
In the process, senescent Gambierdiscus
cells can release dissolved CTXs in the
surrounding water. It is thus likely that
giant clams living in areas contaminat-

ed with toxic Gambierdiscus blooms can
potentially accumulate CTXs in their
tissues, either by direct ingestion of tox-
ic Gambierdiscus cells dispersed in the
water column, or by filtration of seawa-
ter containing dissolved CTXs. To test
this hypothesis and to assess the ability
of giant clams to bioaccumulate CTXs
upon an episodic exposure to high den-
sities of Gambierdiscus cells, ex situ con-
tamination experiments of giant clams
with in vitro cultures of Gambierdiscus
strains were conducted (Fig. 2) [7].

Giant clams were exposed for 48 h to
live cells or lyzed cells homogenates of
Gambierdiscus, to mimic natural expo-
sure to free-swimming Gambierdiscus
cells and dissolved CTXs, respectively.
Two distinct strains were used: (i) G.
polynesiensis TB92, a highly toxic strain
containing approximately 5.83 + 0.85 pg
P-CTX-3C equiv. cell'}; and (ii) G. toxicus
HITO, a strain 2,850-fold less toxic than
TB92, containing approximately 2.05
+ 1.16 x 10-3 pg P-CTX-3C equiv. cellL.
Exposure experiments were conducted
at an overall concentration of 150 cells
mL-1, equivalent to 0.86 pg P-CTX-3C
equiv. L't and 0.31 x 10-3 pg P-CTX-3C
equiv. L1 in the case of TB92 and HITO
strains respectively. The presence of
CTXs congeners in giant clams tissues
was further assessed using the mouse
neuroblastoma cell-based assay (CBA-
N2a). Results showed that giant clams
exposed to either live cells or lyzed
cells homogenates of TB92 were able to
bio-accumulate similar levels of toxins,
ie.2.92+1.03and 3.28 + 1.37 ng P-CTX-
3C equiv. g'! flesh (wet weight) respec-
tively (Table 1). These concentrations
are well above the safety limit of 0.01
ppb P-CTX-1B (or 0.02 ppb P-CTX-3C)
recommended for human consumption
in the Pacific region [8]. In contrast, con-
trol animals (no exposition to Gambier-
discus cells) and giant clams exposed
to cells of the weakly toxic strain HITO
were found to be free of toxins (Table
1), suggesting that the nature, the risk
of contamination of these bivalves is es-
tablished only in the presence of highly
toxic blooms of Gambierdiscus. Liquid
chromatography mass spectrometry
(LC-MS/MS) analyses confirmed CBA-
N2a results and revealed that P-CTX-3B
was the major CTX congener retained in
the tissues of giant clams fed with TB92
cells.
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Fig. 2. Ex situ contamination experiment: giant clams were first acclimated in experimental tanks containing 20 L of seawater (A) and further
exposed to in vitrocultures of Gambierdiscus spp. (B-C). © M. Roué (4, B); © ILM (C).

The results of this study [7] pro-
vide evidence of the bioaccumulation
of CTXs from Gambierdiscus cells in gi-
ant clams and thus confirm that these
molluscs, which are part of the diet of
many populations in PICTs, can actually
constitute another pathway in ciguatera
poisonings in areas where toxic Gam-
bierdiscus populations are endemic.

These findings highlight the need for
an improved global strategy on ciguat-
era risk assessment and management
programs currently on-going in PICTs.
These programs, so far limited to the
survey of lagoon fish, should also take
into account all major seafood resourc-
es consumed within island commu-
nities, including those, such as giant
clams, commonly regarded as being at
low risk of ciguatera.

Acknowledgments

This work was supported with funds
from France and French Polynesia (Con-
trat de Projet CELEX - n°192-2012/VP/
DBP). The authors greatly acknowledge
Sandy Picot, André Ung, Jérome Viallon,
Philippe Cruchet and Nicolas Maihota
for their technical assistance.

References

1. Dickey RW & Plakas SM 2010. Toxicon
56:123-136

2. Skinner MP et al 2011. PLoS Negl Trop-
Dis 5(12):e1416

3. Rongo T&van Woesik R 2011. Harmful
Algae 10: 345-355

4. LaurentD et al 2012. In: Jensen, MA (ed),
Food Chains: New Research (Nova Sci-
ence Publishers, Inc.) pp 1-44

5. PawlowiezRet al 2013. Food AdditCon-
tam A 30:567-586

6. Gatti Cetal 2015. HAN50:19-20

7. Roué M et al 2016. Harmful Algae 57:
78-87

8. Hossen Vetal 2015. Environ Res B 143:
100-108

Authors

Meélanie Roué, Institut de Recherche pour le
Développement (IRD) - UMR 241-EI10, PO Box
529, 98713 Papeete, Tahiti, French Polynesia

Taiana Darius & Mireille Chinain, Institut
Louis Malardé (ILM), Laboratory of Toxic
Microalgae - UMR 241-EIO, PO Box 30,
98713 Papeete, Tahiti, French Polynesia

Manoella Sibat & Zouher Amzil, Institut
Frangais de Recherche pour I'Exploitation de
la Mer (IFREMER), Phycotoxins Laboratory,
PO Box 21105, 44311 Nantes, France

Email: melanie.roue@ird.fr

Table 1. Estimation of toxin contents in giant clams exposed to live cells or lyzed cells homogenates of
Gambierdiscus, using CBA-N2a. ND: not detectable.

Giant clams

Toxin content + SD

Condition of . Giant clams .
exposure Strain per tank tot'fll wet (ng P-C:I‘X-3C equiv g1
weight (g) wet weight of flesh)

Lyzed cells control 3 213 ND

HITO 3 180 ND

TB92, tank 1 3 176 3.74.+£0.26

TB92, tank 2 3 159 496 +0.58

TB92, tank 3 3 137 2.02+£0.10

TB92, average of tanks 1-3 9 157 3.58+1.32
Live cells control 2 95 ND

HITO 3 172 ND

TB92, tank 1 3 170 394+1.21

TB92, tank 2 3 224 2.48 £0.29

TB92, tank 3 3 197 2.34+0.54

TB92, average of tanks 1-3 9 197 292 +1.03
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