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MOLECULAR CHARACTERIZA nON OF NUCLEAR-ENCODED RIBOSOMAL DNA 

FROM 

TOXIC BENTHIC DINOFLAGELLATE, GAMBIERDISCUS (DINOPHYCEAE) 

ABSTRACT 

Gambierdiscus species able to produce toxins which can cause ciguatera fish 
poisoning (CFP). CFP is a most common nonbacterial illness due to the comsumption 
of fish worldwide. In this study, detailed morphological investigation of 
Gambierdiscus species by using epi-fluorescene and Scanning Electron Microscope 
(SEM) were conducted as to characterize the Gambierdiscus species from Malaysian 
waters. A few strains of Gambierdiscus sp. from Sibu Island were cultured and 
maintained in ES-DK medium at 26°C under 12: 12 hr light: dark photo cycle. The 
epi-fluorescene and SEM observations showed that the cells are aerolated, ellipsoid in 
apical view and anteriorposteriorly compressed. The plate fonnula observed was Po, 
3', 7", 5"', lp and 2"". Detailed examination of morphological features and 
morphometric measurement used to distinguish different strains of Gambierdiscus 
species. In this study, it revealed Gambierdiscus strain GdPSO I, GdPS03 and GdPS04 
were identified as G. belizeanus whereas GdPS07 was suspected as G. polynesiensis. 

Key words: Ciguatera fish poisoning, dinoflagellates, Gambierdiscus, G.belizeanus 

ABSTRAK 

Spesies Gambierdiscus mampu menghasilkan toksin yang boleh menyebabkan 
keracunan ikan siguatera (CFP). CFP adalah sesuatu penyakit yang paling biasa dan 
adalah disebabkan pengambilan makanan dari sumber ikan di seluruh dunia. Dalam 
kajian ini, kajian mofologikal terperinci dengan menggunakan epi-jluorescene 
mikroskopi electron imbasan (SEM) untuk pencirian morfologi species 
Gambierdiscus yang terdapat di perairan Malaysia. Beberapa strain Gambierdiscus 
sp. dari Pulau Sibu, Johor telah dikultur dalam media ES-DK pada 26°C di bawah 
kitaran cahaya gelap J 2: J2 jam. Permerhatian sampel melalui epi-jluorescene dan 
SEM menunjukkan sel sel mempunyai permukaan areolated, ellipsoid dalam 
pandangan apeks dan mampat secara anterior posterior. Formula plat yang 
diperhatikan ialah Po, 3', 1", 5"', Jp dan 2"". Pemeriksaan terperinci ciri-ciri 
morfologi dan maklumat moifometrik yang diperolehi dalam kajian ini digunakkan 
untuk membezakan Gambierdiscus spesies strain. Dalam kajian ini, ia nenunjukkan 
Gambierdiscus strain GdPSOJ, GdPS03 dan GdPS04 menlpakan G.belizeanus 
manakala GdPS07 disyaki ialah G.polynesiensis. 

Kata kunci: Keracunan ikan siguatera, dinojlagelat, Gambierdiscus, G.belizeanus 
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1.0 INTRODUCTION 


Toxic dinoflagellates are distributed in worldwide marine water (Faust, 1995). Steidinger 

(1993) reported that dinoflagellates produce toxins that can cause death of marine animal, 

toxicity in bivalves and seafood poisoning. In tropical waters, benthic dinoflagellates occurred 

as assemblage of unicellular, photosynthetic species which are belong to four genera, known 

as Gambierdisclls Adachi et Fukuyo (Adachi and Fukuyo, 1979), Ostreopsis Schmidt 

(Fukuyo, 1981), Coolia Meunier (Besada et aI., 1982) and Prorocentrnm fukuyoi (Murray et 

Nagahama, 2007). 

Species in the genus Gambierdiscus were known to produce ciguatoxins, which is a 

group of lipid soluble polyethers. The neurotoxins cause major symptoms of ciguatera fish 

poisoning (CFP) (Legrand et aI., 1992). The production of toxins was accumulated in the 

herbivorous fish and later in the carnivorous fish via food chain. 

CFP is a form of fish poisoning endemic in tropical areas around the world (Fukuyo, 

1981). Gambierdiscus spp. was reported as epiphytic where the cells attached to macroalgal 

surface which serves as the potential source of toxins present in herbivorous fish. When 

herbivorous fish was eaten by carnivorous fish, toxins are transferred from herbivorous fish to 

carnivorous fish. Hence, human consume fishes containing the toxins will have this seafood 

poISOnIng. 

There are currently a limited number of available sequences in GenBank concerning 

the large subunit (LSU) and small subunit (SSU) ribosomal RNA genes of Gambierdiscus 

spp., which do not include any from the Malaysia region, and are not presented in any 

phylogenetic analyses. The phylogeny of Gambierdisclls spp. using these rRNA genes allows 

a phylogenetic investigation to be done concerning Gambierdiscus spp. The phylogeny and 



morphology serves to present a preliminary study into its interspecific diversity and to discuss 

certain ecological and evolutionary implications. 

The main goal of this study is to characterize the species of Gambierdiscus found in 

Malaysian waters using advanced microscopic techniques. 

Specific objectives: 

1. 	 To maintain the clonal cultures of Gambierdiscus species from Malaysia; 

2. 	 To observe the thecal morphology of Gambierdiscus species using scanning electron 

microscope (SEM); 

3. 	 To detennine the morphometric infonnation of Gambierdiscus species using both epi

fluorescence microscope and SEM. 
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2.0 LITERATURE REVIEW 


2.1 Dinoflagellates 

Dinoflagellate is a eukaryote. It is a unicellular alga and is a common organism in all types of 

aquatic ecosystems. Most species of dinoflagellates are photosysnthetic and some are 

heterotrophic. Both of photosynthetic and heterotrophic members are able to swim. 

Furthermore, most of the dinoflagellates are armored and tend to produce toxin. They are 

distributed circumtropically in coral reef ecosystems. 

In addition, Laurent et al. (2005) found some species of dinoflagellates can proliferate 

under certain environment to cause ' red tides' and provide toxins. Hence, they often kill fish 

and shellfish. Production of biotoxin will accumulate by herbivorous fish and carnivorous fish 

via food chain. When these are eaten by human, it can cause diseases such as paralytic 

shellfish poisoning (PSP), neurotoxic shellfish poisoning (NSP), diarrheic shellfish poisoning 

(DSP) and ciguatera (Hoppenrath and Saldarriaga, 2012). 

Furthermore, morphology of dinoflageHates species can be varied and complex as any 

unicellular eukaryotes. For example, some dinoflegellates species can exist as plasmodia, 

biflagellated cells or cocoid stages (Hoppenrath and Said arriaga, 2012). However, 

dinoflagellates are unique genetically. Dinoflagellates consist of nucleus but its nucleus is 

lack of nucleosome. Therefore, nuclues of dinoflagellates is known as dinokaryon. Besides, 

Hoppenrath and Saldarriaga (2012) reported that dinoflagellates play an ecological significant 

role. It acts as marine producers and help channel energy into planktonic food webs. In 

addition, habitats of dinoflagellates may be found are varied. Most of them are marine 

planktonic or in benthic form. Moreover, they inhabit surfaces of macroalgae, detritus and 

sand. The photosynthetic members of dinoglagellates are restricted to illuminated water 

beca most of them can survive under very dim light conditions whereas heterotrophic 
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members of dinoflagellates able to extend into non-illuminated depths and both in water and 

in sediments. 

In addition, there are four genera of thecated species found in the warm tropical 

waters. There are Ostreopsis, Coolia, Procentrum and Gambierdiscus (Adachi and Fukuyo, 

1979; Besada et aI., 1982). These thecated species are belong to the toxic dinoflagellates and 

distributed world-wide in marine waters. Dinoflagellates that tend to produce toxin will cause 

the death of marine animals and eventually seafood poisoning in humans. 

2.2 Benthic dinoflagellates 

Benthic dinoflagellates are also known as epiphytic dinoflagellates. Benthic dinoflagellates 

are the common inhabitants of sediments. It can be found on the sand. This suggested benthic 

dinoflagellates prefer to inhabit in the unpolluted area and rarely found or might not found in 

the polluted area (Sidabutar, 1996). 

Besides, Hoppenrath and Saldarriaga (2012) reported that photosynthetic fonn of 

benthic dinoflagellates can bloom and several species of benthic dinoflagellates may discolor 

marine tidal sand flats. Moreover, toxic species of benthic dinoflagellates is commonly found 

in tropical and bushy seaweed. 

In addition, benthic dinoflagellates are known to be the causative organisms of tropical 

fish disease which is known as ciguatera (Sidabutar, 1996). This is due to benthic 

dinoflagellates act as the toxin producers and is the potential source of toxin which are present 

in herbivorous fish. Occurrence of toxic benthic dinoflagellates may indicate the potency of 

occurring CFP due to ingestion of coastal marine fishes. Hence, Sidabutar (1996) suggested 
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that several type of intoxication may occur even their cell number is relatively low in the 

water. 

Furthermore, benthic dinoflagellates are contributes significant ecological role by 

acting as the production of coral reef community and as certain strains produce toxins that 

bioaccumulate in the coral reef food chain, attaining highest levels in carnivores. 

Consumption of toxic fish causes ciguatera fish poisoning. The symptoms of ciguatera have 

been well described and included gastrointestinal, neurological and cardiovascular 

disturbances. This syndrome degrades the health and economic well being of community 

dependent on reef fisheries as a food source or for export. 

2.3 Seafood poisoning and other harmful effects 

2.3.1 Ciguatera 

Ciguatera is a type of seafood poisoning which is caused by eating coastal marine fish that are 

carriers of ciguatera toxin. It is a marine food-borne disease around the world. Benthic 

unicellular microphytic algae are the main cause of ciguatera. When algae eaten by 

herbivorous fish, the toxin which is initially produced by benthic dinoflagellates is 

accumulated through food chain and causing food poisoning when human eating them. 

Moreover, carnivorous fish which is at the top of food chain are accumulate most 

toxin and is the most dangerous fish such as shark, grouper (Serranidae) and moray eel 

(Muraenidae) (Figure 2.1) (Laurent et aI., 2005). In addition, ciguatera is applied to 

ecotoxicologically phenomenon and lead to fish become toxjc. 

Symptoms of ciguatera poisoning will showed after two to 30 hours after eating toxic 

fish. Symptoms are characterized into gastrointestinal, neurological and cardiovascular. 
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Gastrointestinal symptoms include abdominal pain, vomiting and severe diarrhea (Kuno et ai., 

20(0). 

Moreover, neurological symptoms include numbness and tingling in extremities and 

severe pruritus (itchy skin) dysesthaesia which is the reversal of cold and hot sensations 

(Kuno et aI., 20 I 0). Cardiovascular symptoms include irregular pulse and decreasing of blood 

pressure (Laurent et aI., 2005; Kuno et aI., 20 I 0). Human eating toxic fish will have some 

general symptoms such as headaches, joint and muscle pain, dizziness and severe perspiration 

(Kuno et ai., 20 10). 

Figure 2.1: Toxin transfer through the food chain. 

2.3.2 Clupeotoxism 

Clupeotoxism is a type of seafood poisoning which is resulting from eating clupeoid fishes 

such as sardines (Aligizaki et aI., 2011). It is widely spread in tropical and subtropical regions 

around the world. The occurrence of clupeotoxin is very rare because its poisoning poses 

severe obstacle in the eating ofclupeoid fish as food. 

However, eating clupeoid fish containing clupeotoxin will show some symptoms . 

. ording to Halstead (1978), the first indication of clupeoid poisoning will occur in the 
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gastrointestinal. There is a sharp metallic taste which may present immediately after ingestion 

of fish and followed by nausea, dryness of mouth, vomiting, abdominal pain and diarrhea. 

Besides, cardiovascular symptoms will accompanied with gastrointestinal symptoms. 

Cardiovascular symptoms include drop of blood pressure, cyanosis and other evidence of 

vascular collapse (Halstead, 1978). Neurological symptoms will be shown within a very short 

time period such as nervousness, dilated pupils, muscular cramps and progressive muscular 

paralysis. Death may occur in less than 15 minutes (Aligizaki et aI., 2011). 

2.3.3 Palytoxin 

Palytoxin (PLT) is the most potent toxin in world wide. It is a natural non-protein compound 

and occurs in seafood (Wiles et aI., 1974; Aligizaki et aI., 2011). It can be detected in crabs, 

various fish and sea anemones without causing any deleterious effects (Lau et aI. , 1995). PLT 

is large and complex molecule as it is possessing both lipophilic and hydrophilic regions. It 

also has the longest chain of carbon atom. 

Besides that, PL T can destroy transmembrane ionic gradient and triggering several 

biological effects that can threaten life (Artigas and Gadsby, 2003). Hence, it can cause the 

delayed of hemolysis in erythrocytes which can be suppressed by ouabain (Habennann et aI., 

1981; Habennann and Chhatwal, 1982). Thus, it is a high lethality compound. The 

accumulation of PL T in food chain can cause numerous cases of human poisoning and 

lethality. Palytoxin induces powerful membrane depolarization and ionic channeling. It is a 

potent hemolysin, histamine releaser, inhibitor of Na/K ATPase, and a cation ionophore. It is 

also a non-TPS-type tumor promoter. 
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Shimizu and Moore (1983) published the chemical structure of palytoxin. Palytoxin is 

a bizarre structure with many extraordinary signs (Figure 2.2). Palytoxin is a large and 

complex molecule with lipophilic and hydrophilic areas. The palytoxin molecule has the 

longest continuous chain of carbon atoms which is known to exist in natural product. In the 

molecule of palytoxin (CI2H223N30S4), 115 of the 129 carbons are in a continuous chain. 

There are 54 atoms of oxygen, but only 3 atoms of nitrogen. Moreover, palytoxin has its 

unique characteristics which its structure contains 64 stereogenic centers, which means it has 

264 stereoisomers. Double bonds can exhibit cis or trans isomerism and thus it can has more 

than 1021stereoisomers. 

Figure 2.2: Chemical structure of palytoxin. 
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2.4 Morphological investigation of Gambierdiscus species 

Morphology is the study of fonn and structure of organism. Morphological investigation is 

used to obtain satisfactory classification and support the recognition. It is the primary 

character used in describing dinoflagellates species. 

The morphology investigation for species identification is based on cell size and 

shape, architecture of thecal plates and cell surface (Litaker et aI., 2010). Cell size and shape 

of apical pore plate (Po) and posterior intercalary plate (1 p) provide minute details of for 

species recognition. The morphology measurement is in tenn of detennine the overall cell 

which are included mean depth (D) and width (W), mean length (L) and W, LIW ratio for 

apical pore plate and average number and diameter of surrounding pores (Litaker et aI ., 20 I 0). 

In addition, species those are anterior-posteriorly compressed in the ventral view and 

theca plate tabulations are observed in the apical and antapical view (Figure 2.3). However, 

the epitheca and hyotheca are not noticeably different in size. Hence, the distinguishing 

feature of the GambierdisCliS species is the shape and size of the apical pore complex (Faust, 

1992). The cell surface of the Gambierdiscus species is smooth with numerous deep and 

dense pores. Moreover, the thecal plates are very thick and display the thecate fonnula of the 

GambierdisCllS species is Po, 3', 7", 5'" and 2"". 
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Figure 2.3: General views of Gambierdiscus species, with Gambierdsicus excentricus 

illustrated (source: Santigo et aI., 2012). (A) Apical view. (B) Antapical view. Gray arrows 

indicate direction of plate overlap. (C) Ventral view. Dotted lines show fission line. 

Cell size, cell morphology and differences in the size and shapes of various thecal 

plates are the essential criteria used to differentiate various Gambierdiscus species. The most 

apparent morphology differences among the genus were the difference in cell shape of the 

cells. Cell shape of Gambierdiscus species are divided into globular and anteriorposteriorly 

compressed species. Both G. ruetzleri and G. yasumotoi are globular species whereas G. 

australes, G. belizeanus, G. caribaeus, G. carpenter, G. carolinianus, G. pacificus, 

G.polynesiensis and G. toxicus are anteriorposteriorly compressed species (Litaker et aI., 

2010). Globular species were further distinguished from the anteriorposteriotly species by 

based on the relative size and shape of the I' and 2' apical plates. The l' plate of globular 

species was the largest plate and 2' plates were long and narrow. However, anteriorposteriorly 

pressed species had small I' plate and rectangular or hatchet shaped of 2' plate. Moreover, 
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tile apical pore plates (Po) of globular species were more elongated than anteriorposteriorly 

compressed species (Litaker et aI., 20 10). 

Although G. ruetzleri and G. yasumotoi were globular species but both of them are 

different from each another. This can be seen through the size and shape of the 2"" plate. 2'''' 

plate (Figure 2.5) of G. yasumotoi was larger and broader than G. ruetzleri. 

In addition, the anteriorposteriorly compressed Gambierdiscus species were further 

distinguished among them based on whether they had narrow or broad I p plates. G. 

belizeanus, G. australes and G. pacificus had narrow 1 p plates (Figure 2.5) whereas G. 

caribaeus, G. carolinianus, G. carpenteri, G. polynesiensis and G. toxicus had broad I p plates 

(Figure 2.5). Although G. australes, G. pacificus and G. belizeanus had narrow I p plate, G. 

belizeanus was distinguished from the other two species by having aerolated cell surface 

(Faust, 1995). G. belizeanus also had a pentagonal-shaped 3' plate (Figure 2.4) that was 

broader but less elongated than G. australes and different in the shape from oval 3' plate 

(Figure 2.4) of G. pacificus. G. belizeanus was further distinguished from G. pacificus by 

having a more symmetric 2' plate (Figure 2.4). G. australes was distinguished from G. 

pacificus by its larger cell size, longer and differently shaped I p plate (Chinain et aI., 1999). 

Moreover, species distinguishing among anteriorposterioly compressed species that 

had broad I p plate were based on the basis of whether the 2' plate was rectangular or hatched 

shaped. Both G. caribaeus and G. carpenteri had rectangular 2' plates (Figure 2.4). However, 

G. caribaeus showed some differences from G. carpenteri. G. caribaeus had a shorter and 

more symmetrical 1 p plate (Figure 2.5) whereas G. carpenteri had a longer and asymmetrical 

Ip plate (Figure 2.5). 

Of the remaining three species with a broad I p plate, G. toxicus was distinguished 

G. carolinian us and G. polynesiensis based on the shape of the I p plate. The dorsal 

II 



comer of the I p plate (Figure 2.5) of G. toxicus was more acutely angled with respect to the 

dorsoventral axis of the cell than G. carolinianus and G. poiynesiensis. The cell size of G. 

toxicus was larger than G. carolinianus and G. poiynesiensis. Furthermore, 3'" plate of G. 

toxicus (Figure 2.5) was located to the right of the dorsoventral axis whereas 3'" plate of G. 

carolinian us (Figure 2.5) was spanning on the dorsal end of the cell and G. toxicus 

distinguished from G. poiynesiensis by triangular Po plate (Figure 2.4). 

Moreover, G. carolinianus was distinguished from G. poiynesiensis by G. 

caroiinianus was larger in cell size and a triangular shaped Po plate (Figure 2.5). I', I" and 2" 

plates ofG. poiynesiensis (Figure 2.4 and 2.5) was formed a distinct fold that was absent in G. 

carolinian us. I" plate of G. carolinianus (Figure 2.5) was short and oriented parallel with the 

apical-antapical axis but I" plate of G. poiynesiensis was elongated and slanted toward the left 

lateral side of the cell (Figure 2.5). 
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Figure 2.4: Line drawing for ten Gambierdiescus species in the apical view. 
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