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MARINE BIOTOXIN PROFILE AND Karenia sdlliformis
AND Alexandrium minitum OCCURRENCE
IN BOUGHRARA LAGOON DURING THE LAST DECADE

Abstract: As part of the routine control of the Tunisianwetk for the monitoring of the most problematic
microalgae specigsarenia selliformis and Alexandrium minutum and for the study of hydrophilic and lipophilic
marine biotoxin profiles, clams and seawater samfiem Boughrara lagoon were analysed during tret pa
decade. The results showed that the abundari€earefiia selliformis and Alexandrium minutum in the Boughrara
lagoon exhibited significant variability at annisdales.K. sdliformis was recorded in all sampling years with
interannual variability. Among the nine sampledrge2010, 2012, 2016 and 2017 were, respectivieé/most
significant in terms of mean abundance (2.85, 21428, 1.69) 10 cells L% A. minutum species were observed
in the water column during all investigated yeaxsept in 2013, 2016 and 2017, but in low conceiunat
compared td. selliformis (< 7.4+ 1 cells %). Using LC-FLD, traces of paralytic toxins (C1 aB@X-2) were
detected in some clam samples. Their concentrati@ne largely below the regulatory limit. For thest time,
N-sulfocarbamoyl gonyautoxin-2 (C-1) and gonyautdXi(GTX-2) were detected in some clam samples ftom
region. LC-MS/MS analysis confirmed the presenceggimnodimines in some samples. The main peak
corresponds to the GYM-A with high concentratioeserally above 1 mg kfjof clams meat, which confirms the
persistence of this neurotoxin in Boughrara lagoon.

Keywords: clams, toxicity, PSTs, GYM-AKarenia selliformis, Alexandrium minutum

I ntroduction

In recent decades, a problem relating to phytoptanka general and dinoflagellates in
particular, has emerged in various coastal areaiseofvorld following the consumption of
contaminated marine products, in particular bivah@luscs [1-5]. Many studies proposed
to use bivalve molluscs as sentinel organisms fonitaring levels of environmental
contaminants in water [6].

In fact, intoxications are due to these secondastabolites produced by certain toxic
species of phytoplankton during algal bloom calleatine biotoxins [7, 8]. They are highly
toxic, of low molecular mass and of non-proteinunat
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Marine biotoxins can be classified into eight greupcluding saxitoxins, okadaic acid
and dinophysistoxins, domoic acids, pectenotoxiessotoxins, brevetoxins, azaspiracids,
and cyclic imines. These toxic secondary metal®ldee produced by species of the
Alexandrium, Dinophysis, Gymnodinium andPseudonitzschia genus [9].

In order to protect the consumer health while prngsg a considerable economic
activity, several methods of detection and momigriof these products have been
developed [10, 11]. In fact, the mouse bioassaybleas routinely applied to detect marine
biotoxins in shellfish. For ethical and scientifeasons, analytical techniques for chemical
analysis like liquid chromatography (LC) couplediwinass spectrometry (LC-MS) have
been invented in order to provide qualitative amrgitative answers on marine toxins
profile in shellfish [12, 13].

At the national level, massive mortalities of eelsttlefish and mullet were recorded in
Boughrara lagoon (Gulf of Gabes, Southern Tunis@a)ly 90s [14]. Since then, same
events have become more and more frequent andaieedrat several sites of the Gulf of
Gabes, which alone contributes 98 % of clam’s matioproduction. Clam samples,
harvested from these sites, were toxic to mice wimggcted by intraperitoneal route.
Investigations have shown that the acute neurdtgxabserved in mice was due to the
presence of GYM-A [15]. Later, analyses carried @utseawater samples have shown the
involvement ofKarenia selliformis in these episodes of toxicity [16].

In this article, we present the results of 10 yedrsoutine monitoring of Boughrara
lagoon for the occurrence &f selliformis andA. minitum, the most problematic species in
the Gulf of Gabes, according to studies carriedogubdennadher et al. [17].

As no studies have been conducted to investigatetdRin profiles in Boughrara
lagoon over the past decade, we present in thik wioe results of a screening for
hydrophilic and lipophilic marine biotoxins that mtaminate clams harvested from this
important area of wild clam’s production.

Material and methods

Chemicals

LC/MS grade acetonitrile and water from Fisher 8tfie (lllkirch, France). Milli-Q
water was produced in-house to 18Xdm quality, using a Milli-Q integral 3 system
(Millipore). HPLC grade methanol (MeOH) and fornacid (98%) from Sigma-Aldrich
(Steinheim, Germany). Ammonium formate was fronkgI(St. Louis, MI, USA).

Certified reference toxins were obtained from ttaidhal Research Council (Halifax,
NS, Canada) (saxitoxins (STXs), tetrodotoxin (TTX);toxins, gonyautoxins (GTXs),
okadaic acid (OA), dinophysistoxins 1 and 2 (DTXida2), 13-desmethyl spirolide C
(13-desMe-C), pinnatoxin G (PnTX-G), pectenotoxiPZ X2), gymnodimines (GYMSs)).

Clam sampling

Sampling stations were selected through the Tumis&ional monitoring network of
phytoplankton and phycotoxins (REPHY), with considion given to already-existing
mollusc collection sites and followed up by fieldoanaissance.

Samples of clamsRuditapes decussatus) were collected from Boughrara lagoon
between January 2010 and December 2019. Samplirgy caeried out manually by
randomly picking up clams off the coast and coitewblby the ‘Commissariat Regional
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au Developpement Agricole de Mednine’ (CRDA, South€unisia). Samples were kept
at +4 °C until analysed in the Laboratory of Foamkifis at Pasteur Institute of Tunis.

Chemical analysis of hydrophilic toxins by liquid chromatogr aphy/fluor escence
detection (LC/FLD)

Toxin contents were analysed out according to teéhod of Van De Riet et al. [18].
Briefly, 5 mL of 0.1 N hydrochloric acid were addezhd the samples were mixed with
a high-speed homogeniser (15,000 rpm) for 2 mire pH was adjusted between 2.0 and
4.0, and then the samples were centrifuged at 420010 min at +4 °C. The supernatants
were filtered on 10-kDa polyethersulfone (PES) filteand the using the liquid
chromatography with fluorescence detection (LC/FBPRoxin analyses method of Van
De Riet et al. [18]. The toxins GTXs, dc-GTXs, dtX$ and STXs were separated using
a reverse chromatography column (Zorbax Bonus RP,ud/, 4.6- 150 mm, Agilent
Technologies, Massy, France) with a flow rate of @8- min™. The eluent pH and/or
column temperature were optimised to separate d¢3B3TX5/dc-GTX-2 and C1/C2.
The toxin concentrations were determined usingifittstandards provided by CNRC
(Halifax, NS, Canada). The identification of eacokih relied on extraction of their specific
retention time, as obtained with injection of stamtisolutions. Toxin concentrations were
calculated based on peak area.

Liquid chromatography mass spectrometry analyses of lipophilic toxins

Extraction procedure

In accordance with the European method validatéatnally Ifremer [19], lipophilic
toxins were extracted from (2.00 £0.05) g of hepat@wreas homogenate of clams. Then
the homogenate was extracted in duplicate with 9mathanol. After the first addition of
methanol, the mixture was homogenised with an Olirax mixer (IKA Works,
Wilmington, NC, USA) for 3 min at 10.000 rpm ancetlxtract was centrifuged for 8 min
at 8000 g, after the supernatant was transferread 20 mL volumetric flask. The second
addition of methanol, the mixture was homogenisdtth wn UltraTurax, and centrifuged
for 8 min at 8000 g, after which the supernatans wambined with the first extract and
methanol was added to reach a final volume of 20 mL

One aliquot was used for lipophilic toxin analygigith the exception of “DTX-3"
acyl-esters), and a second aliquot for DTX-3 afi@lhydrolysis to release OA and/or
DTX-1 and/or DTX-2, and subsequent analysis of DTX3

LC/MS-MS analyses of lipophilic toxins

For each sample prepared according to the methadilete above, LC-MS/MS
analyses were performed on two aliquots (beforeadiat hydrolysis). 5 L of each aliquot
was injected into the LC-MS/MS system using an LGtem (UFLC XR, Shimadzu)
coupled to a hybrid triple quadrupole/linear ioagtirmass spectrometer (APl 4000 Qtrap,
AB SCIEX) equipped with a Turbo V ion spfagource. Toxins were separated in a 3 um
MOS-Hyperclone C8 column (50 mn2.0 mm id, Phenomenex) at 25 °C.

The electrospray ionisation interface (ESI) wasrafgsl in both positive and negative
modes using the following parameters: curtain @aspsi (1 psi = 6 894.76 Pa) (PM) and
30 psi (NM); temperature: 50 °C (PM) and 550 °C (\Mas 1: 50 psi (PM) and 40 psi
(NM); gas 2: 50 (PM) and 50 psi (NM) (PM); CAD gasedium; lon spray voltage: 500 V
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(PM) and —4500 V (NM); EP: 10 V (PM) and -13 V (NMjhese parameters had been
previously optimised using toxin standards. The snapectrometer was operated in
multiple reaction-monitoring (MRM), analysing thed or three most intense product ions
per compound. For ESI positive, the transitioneceld were: [M+NH4] ions: PTX-2/z
876.5 > 823.5/841.5/805.5; PTX-2-sa and 7-epi-PT3&2m/z 894.5 > 823.5/805.5;
[M+H] ions: SPX-13-desMe-C (SPX-1yWz 692.5>444/164; SPX-A: 692.7>444/150;
GYM-A, m/z 508.5 > 490.5/392.5, AZA-InWz 842.5 > 824.5/806.5/672.5; AZA-Py/z
856.5 > 838.5/820.5; GYM-B: mz 5244 > 524.4/506.4; AZA-1, m/z
842.5 > 824.5/672.5/654.4; AZA-2m/z 856.5 > 838.6/672.4/654.4; AZA-3m/z
828.5 > 792.5/658.4/640. For ESI negative mode{rtngsition selected was: [M—H] ions:
OA and DTX-2,m/z 803.4 > 255.1/113.1; DTX-1m/z 817.5 > 254.9/112.9; YTX,
m/z 1141.5 > 1061.5/855.5; HomoYTXwz 1155.5 > 1075.5/869.4; 45-OH-YTXwz
1157.5 > 1077/855.5; 45-OH-HomoYTKyz 1171.5 > 1091.5/869.4.

The mobile phase was 100 % water containing 2 mivhanium formate, and 50 mM
formic acid (channel A) and acetonitrile/water &5¢ontaining 2 mM ammonium formate
and 50 mM formic acid (channel B).

Certified reference materials provided by IMB-Hakf NS, Canada: standard
solutions of OA, DTX-2, DTX-1, AZA-1, AZA-2, AZA-3YTX, PTX-2, SPX-13-desMeC
and GYM-A. In addition, a blank and positive gualitontrol (QC) prepared during
extraction of the samples set.

Sampling and microalgae enumer ation

Phytoplankton samples were collected from 2010uto 2018 at Boughrara lagoon
along the Southern Mednine coastline (Gulf of Gab&hkis zone was selected from the
Tunisian National Monitoring Network of Phytoplankt and Phycotoxins. Sampling was
conducted weekly from October to May during thertk harvest season and every two
weeks during the rest of the year (June, July, Atgumd September), but in the case of
a bloom situation, sampling will be conducted wgeklater samples were collected with
a Van Dorn bottle at 1 m depth. Phytoplankton ceise preserved with Lugol's iodine
solution (4 % final concentration) and stored ire tHark. Counting was conducted
according to the Utermohl method [20] using 10 médimentation chamber under
an inverted microscope (Olympus CK40).

Results and discussion

Temporal variability of K. selliformisand A. minutum abundance in Boughrara lagoon

The box plots displayed in Figure 1 (boxplot) rdedathat the abundance of
K. seliformis and A. minutum in the Boughrara lagoon exhibited significant shbiiity
at annual scalesK. selliformis was recorded in all sampling years with interahnua
variability (Fig. 1a). Among the nine sampled ye&@@10, 2012, 2016 and 2017 were the
most significant in terms of mean abundance 2.8% cells L%, 2.42- 10° cells L,
1.38- 10 cells L* and 1.69- 10 cells L, respectively. HoweverA. minutum species
presented a different trend (Fig. 1). It was obsénin the water column during all
investigated years except in 2013, 2016 and 20af7inblow concentrations compared to
K. selliformis (< 7.4- 107 cells 7).

From the temporal distribution of these two toxpesies in the Boughrara lagoon (Fig.
1), it was apparent th&t sellifromis was more frequent and abundant tBaminutum.
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Fig. 1. Box plots reporting: &. selliformis and b)A. minutum distribution according to the years. Note
the log-scale on thgaxis

The occurrence oK. selliformis, which represents 37 % of the toxic dinoflagellate
population in the Gulf of Gabes [21] ardl minutum over nine years of observation
suggests that these species were common in thehBaaglagoon. This indicates that this
species has been well adapted to survival in tieia.a

In fact, K. selliformis andA. minutum are well established in coastal waters of the Gulf
of Gabes [21]. Feki et al. [22] showed a north-sogitadient ofK. selliformis occurrence
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along the Gulf of Gabes coastline. Indeed, the Boag lagoon achieved the highest
abundance [21]A. minutum outbreaks occurred also in this confined lagocevéitheless,
A. minutum proliferation in this lagoon was less than thatreed along the north coast of
the Gulf [17]. Furthermore, the Boughrara lagoonyrba ideal not only for growth of
vegetative cell [17, 22], but also as seeding lmeddsting cysts which retain the capacity
to germinate for several years [23, 24]. In fdug, initiation of future blooms and outbreaks
of toxic dinoflagellates has often been shown tdidleed with the existence of favorable
harmful resting cysts seedbed [24-26].

Since 1994K. sdlliformis is present throughout the year and it often blognrin all
seasons and the blooms can last more than two mf@ith Bloom initiation occurs when
density reaches fGcells L [27]. In fact, in this site, the maximum abundandethis
endemic speciwas due to several factors such as high salinibydlwvreach 52 on August),
relatively low-temperatures (ranged between 13 i@ 56 °C) and high concentrations of
phosphate [27].

In terms of abundancé, minutum remains a much less problematic species compared
to K. selliformis. Indeed, a study focused on the monitoring of shiscies in 20 sites in the
Gulf of Gabes, including Boughrara lagoon durind2-2006, showed thak. minitum
abondunce, in this lagoon, was much lower thanrdw@irded foK. selliformis [17], which
is in accordance with our result.

Hydrophilic and lipophilic biotoxins detected in clam samples

Hydrophilic toxins N-sulfocarbamoyl gonyautoxin 3C-R), N-sulfocarbamoyl
gonyautoxin 4 (C-3), N-sulfocarbamoyl gonyautoxin(G-4), gonyautoxin 1 (GTX-1),
gonyautoxin 3 (GTX-3), gonyautoxin 4 (GTX-4), gomyaxin 5 (GTX-5), gonyautoxin 6
(GTX-6), decarbamoyl gonyautoxin 1 (dc-GTX-1), dd@anoyl gonyautoxin 2
(dc-GTX-2), decarbamoyl gonyautoxin 3 (dc-GTX-3)ecdrbamoyl gonyautoxin 4
(dc-GTX-4), neosaxitoxin (NEO), decarbamoyl neosasin (dc-NEO), saxitoxin (STX),
decarbamoyl saxitoxin (dc-STX), decarbamoyloxy saxn (do-STX), tetrodotoxin (TTX)
were undetectable (below detection limits (LODS)).

N-sulfocarbamoyl gonyautoxin-2 (C-1) and gonyautoRi (GTX-2) were detected in
some clam samples (Fig. 2). It is interesting ttertbat C-1, by metabolic conversion via
desulfonation and epimerisation in clams, can beveded to GTX-2 [28], thereby GTX-2
may be the product dflexandrium minutum cells as it may be a metabolic derivative.

Concentrations of GTX-2 and C-1 were, respectivielys than 70 pg/kg and 40 pg/kg
of clam meat. These levels were largely below #gulatory limit for paralytic shellfish
toxins, which is 800 pug STX-eq/kg of tissue. Théedton, at trace level, of these toxins is
consistent with the low abundance of the causatiganism.

To our knowledge, this is the first report of ogemce of GTX-2 and C1 toxin in
Boughrara lagoon. These findings serve to draw tadteno this potential threat and to
provide the information necessary to ensure théokio-monitoring program continue in
order to produce a complete risk assessment eflpatiais known that, recently, several
severe cases of human intoxication have been redardMorocco following consumption
of shellfish contaminated by paralytic shellfiskites [29].

Lipophilic toxins; okadaic acid (OA), dinophysisioxd (DTX-1), dinophysistoxin-2
(DTX-2), pectenotoxin-1 (PTX-1), pectenotoxin-2 (RP), azaspiracide-1 (AZA-1),
azaspiracide-2 (AZA-2), azaspiracide-3 (AZA-3), gwdimine-B (GYM-B), desmethyl
spirolide-C (desMe SPX-C), spirolide-A (SPX-A), spide-B (SPX-B), spirolide-C
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(SPX-C), spirolide-D (SPX-D), desmethyl spirolide{dlesMe SPX-D), pinnatoxin-A

(PnTX-A), pinnatoxin-G (PnTX-G), pectenotoxin-2 eecacid (PTX-2sa), 7-epi

pectenotoxin-2 seco acid (PTX-2sa epi), pectenntéx{PTX-6) were undetectable (below
detection limits (LODS)).
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Fig. 2. LC/FD chromatogram of GTX-2 in clam meRtiditapes decussates)

LC-MS/MS analysis confirm the presence of gymnoderA (GYM-A) (Fig. 3) in
samples with a molecular weight of 568z The different samples analysed showed high
concentrations of GYM-A ranging between 906 ug/kgl 4331 pug/kg. These findings
confirm the persistence of this fast-acting neutimtoin Boughrara lagoon. These
concentrations were almost the same recorded #ircdiscovery of this toxin in the region
[30], proving the stabilisation of the contaminatievel, explaining the high abundance of
Karenia selliformis in this area and reflecting that this specie aslamil with the biotic and
abiotic conditions parameters of the Boughraradag@1, 32]. The closure of several sites
has a negative socio-economic impact on the cl@ngduction sector since the most of the
local population depends on this activity, in partar 6000 ‘foot fishermen’, the majority of
whom are women [33].

In order to find practical solutions for this prebl, works carried out on the
depuration of contaminated clams in controlled medhave concluded that this process
takes time, costly and generates other problents asithe reduction of animal weight and
the accumulation of wastes [30]. Additional studiee needed to assess the risks of this
neurotoxin in order to set an acceptable dose matkeffects on humans. It should be noted
that the GYM-A is still unregulated [34], therefoits regulation is a national priority to
solve the clam contamination problem in the Boughtagoon.
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Fig. 3. LC-MS/MS chromatogram of GYM-A in digestigiand tissue of clam$&(ditapes decussates)

Conclusion

Karenia selliformis and Alexandrium minutum are the most problematic species in
Boughrara lagoon. Their abundance exhibited sicgnifi variability at annual scales.
K. selliformis was recorded in all sampling years with interahnuariability. Its
concentration in water can reach high valuesminutum species were observed in the
water column but in low concentrations.

For the first time, N-sulfocarbamoyl gonyautoxir{€-1) and gonyautoxin 2 (GTX-2)
were detected in some clam samples. Their levets Veegely below the regulatory limit
for paralytic shellfish toxins but vigilance musg Inaintained in order to limit human
poisoning by this family of toxins. The study opdiphilic toxin profiles confirms the
persistence of gymnodimine-A in clams from Bougariagoon. High concentrations were
recorded, proving the stabilisation of the contaation level since the same values have
been recorded previously. In conclusion, if paielghellfish toxins remain a potential
danger in Boughrara lagoon, gymnodimine-A is a thadat. That is why its regulation
remains a national priority to save the clam stsflihg sector.
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