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Characterization of Alexandrium tamutum (Dinophyceae) 

isolated from Philippine waters, with the rare detection of 

paralytic shellfish toxin  

Abstract 

 

Alexandrium tamutum M.Montressor, A.Beran & U.John is a non-toxic, bloom-forming dinoflagellate species commonly 

reported in temperate waters. In this study, 8 cultures of A. tamutum established from Bolinao Channel and Manila Bay, 

Philippines were characterized in terms of their morphology, phylogeny and toxicity. Cells were roundish, measuring 25.5

–29.84 µm long and 26.2–28.45 µm wide. The nucleus is equatorially elongated and located at the center of the cell. The 

chloroplasts are numerous, golden brown in color and radially arranged. Thecal tabulation is typical of Alexandrium: 

APC, 4', 6'', 6c, 6s, 5''', 2''''. Shape of the taxonomically informative thecal plates such as sixth precingular plate (6'') and 

posterior sulcal plate (sp) was similar to A. tamutum, which confirms the species identity. However, the presence of 

anterior and posterior attachment pores observed in our cultured isolates is the first case in this species. Molecular 

phylogeny inferred from LSU rDNA and ITS supports our identification by forming a well-supported clade composed of 

A. tamutum strains from other geographic regions. HPLC analysis showed that A. tamutum is generally non-toxic except 

for strain ATC9 which has low amount of decarbamoylsaxitoxin (dcSTX), resulting to a toxicity of 0.07 fmole STX eq 

per cell. The present study reports the first verified occurrence of Philippine A. tamutum with reliable morphological and 

molecular information, including the first record in Manila Bay and first detection of PST in one strain at a certain culture 

period. 
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Introduction 

 

The marine dinoflagellate Alexandrium is widely 

recognized as a harmful microalga composed of species 

associated with paralytic shellfish poisoning (Anderson et al. 

2012a). Members of this genus produce deadly neurotoxins that 

accumulate and contaminate marine shellfish products, posing a 

serious health risk to seafood consumers (Hall et al. 1990). Of 

the 34 known species, 14 species are reported to be toxic 

(Moestrup et al. 2009), and therefore their occurrence and 

abundance are constantly monitored in many coastal areas 

worldwide (Lilly et al. 2002; Andersen et al. 2003; Anderson et 

al. 2012a,b; Rhodes et al. 2013; Barua et al. 2020; Hallegraeff 

et al. 2021). In the Philippines, the Bureau of Fisheries and 

Aquatic Resources (BFAR) regularly monitors the presence and 

cell abundance of toxic dinoflagellates such Alexandrium 

minutum Halim, and Gymnodinium catenatum H.W.Graham and 

Pyrodinium bahamense L.Plate, including the toxins present in 

marine shellfish to ensure that the level does not reach beyond 

regulatory limit.  

The first detailed taxonomic account of Alexandrium in the 

Philippines was carried out by Balech (1995) who reported the 

presence of A. affine (H.Inoue & Y.Fukuyo) Balech, A. 

fraterculus (Balech) Balech, A. leei Balech and A. 

tamiyavanichii Balech in Manila Bay. Baula et al. (2011) 

conducted a detailed survey of the spatial and temporal 

distribution of resting cysts of dinoflagellates in Bolinao, 

Pangasinan, and revealed the location of A. minutum believed to 

be seeding the recurrent blooms in the area. These reports bring 

the total of morphologically identified species of Alexandrium 

present in the country to five. The first molecular 

characterization of Alexandrium species in tandem with its 

morphology was provided by Onda et al. (2013) who utilized 

three molecular markers to identify a strain of A. affine from 

Honda Bay, Palawan. Nonetheless, most of the reports on the 

occurrence of Alexandrium in the country were still mainly 

based on morphological identification (Furio et al. 2012; Azanza 

Garry Benico1,2 and Rhodora Azanza2 
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and Benico 2013; Borja et al. 2019).  

Species identification of Alexandrium depends mainly on 

the cell shape and size, texture of the plate (reticulated or 

smooth), shape and arrangement of key thecal plates i.e., first 

apical plate, third apical plate, sixth precingular plate, anterior 

sulcal plates and posterior sulcal plates (Balech 1995; Lilly et 

al. 2005; Leaw et al. 2005). As the number of species and 

strains being reported from different geographic regions 

increased, a wide range of inter/intraspecific variabilities of 

characters has been increasingly reported making species 

identification rather difficult (Franco et al. 1995; Delgado et al. 

1997; Hansen et al. 2003; Kim et al. 2002; Lim et al. 2007; Gu 

et al. 2013). Nowadays, morphological identification is usually 

supplemented with molecular information to thoroughly 

characterize a species of Alexandrium and distinguish closely 

related species (Touzet et al. 2008; Penna et al. 2008; Brown et 

al. 2010; Baggesen et al. 2012; Gu et al. 2013; Fabro et al. 

2017; Menezes et al. 2018; Liu et al. 2021; Xu et al. 2021). 

However, many Alexandrium species in the Philippines still 

lack the molecular sequence and uncharacterized in terms of 

their cellular morphology and thecal tabulation considering they 

are commonly encountered in coastal areas in our country 

(Azanza and Miranda 2001; Yap et al. 2004; Gatdula et al. 

2017; Borja et al. 2019). This study therefore aims to 

characterize the morphology, toxicity and molecular phylogeny 

of Alexandrium tamutum using culture isolates from Bolinao, 

Pangasinan and Manila Bay, Philippines. These information 

would contribute to the better understanding of species identity 

of Alexandrium species occurring in Philippines coastal waters.  

 

Methods 

 

Culture and Observation 

Eight monoclonal cultures of Alexandrium tamutum were 

established from water samples collected in Bolinao, 

Pangasinan and Manila Bay with a 20 µm plankton net (Fig. 1, 

Table 1). Using a Motic AE2000 inverted microscope (Motic, 

Xiamen, China), single cells were carefully isolated with a 

capillary Pasteur pipette, repeatedly washed with droplets of 

sterile seawater and finally transferred into a 96 well culture 

plate (Corning Life Sciences, Amsterdam, NL) containing 

sterile seawater enriched with a F/2 medium without silicate 

(Guillard and Rhyter 1962). Isolates were incubated in a 

fabricated culture cabinet with a temperature of 24±2ºC and 

12:12h light:dark photoperiod. They were then monitored 

weekly for growth and bacterial contamination. Culture wells 

with dense and actively growing cells were pipetted into 20 mL 

flasks to eventually establish mass cultures which were 

maintained at the RVA Microalgal Culture Collection of the 

Harmful Algal Blooms Laboratory at The Marine Science 

Institute, University of the Philippines Diliman. 

Cellular morphology of cultured Alexandrium grown in the 

laboratory for almost a month was examined with a Zeiss 

Axioskop 2 (Carl Zeiss, Göttingen, Germany). For the 

visualization of thecal tabulation, cells stained with 1% 

calcofluor white (Fritz and Triemer 1985) were observed at 420 

nm with a confocal laser scanning microscope (CLSM 710, Carl 

Zeiss, Germany). Balech’s tabular notations were followed in 

annotating individual plates of Alexandrium (Balech 1995). 

Chloroplasts were detected using their autofluorescence 

captured in the far-red spectra using the same microscope. Cell 

measurements were done for at least 30 cells from the 

micrographs.  

 

DNA Sequencing and Phylogenetic Analysis 

Genomic DNAs of exponentially growing cultures of 

Alexandrium (~three weeks in culture) were extracted using 

Qiagen DNEasy Plant Mini-Kit (Valencia, CA, USA) following 

Figure 1. Sampling locations (red dots) of Alexandrium tamutum in 

Manila Bay and Bolinao, Pangasinan. Inset (red rectangle) showing the 

location of Manila Bay and Bolinao, Pangasinan in the Philippines.  
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the protocol provided by the manufacturer. In brief, 10 mL of 

exponentially growing cells were concentrated by centrifugation 

at 2600 x g for 10 min. They were then resuspended in 400 µl 

AP1 buffer and vortexed for 2–3 min to homogenize the cells. 

The liquid phase was transferred onto a new tube and proceeded 

to the extraction process as prescribed in the kit. Previously 

described primers were used for the amplification and 

sequencing i.e., ITSF2 (5’-TACGTCCCTGCCCTTTGTAC-3’) 

and ITSR2 – (5’-TCCCTGTTCATTCGCCATTAC -3’) for ITS 

region (Litaker et al. 2003), and DinFi (5’-

GCATATAAGTAMGYGGWGG-3’) and DinRi (5’-

CCGTGTTTCAAGACGGGTC-3’) for LSU rDNA (Logares et 

al. 2007). Amplification was performed using T100 Thermal 

cycler (Biorad, California, USA). Thermal conditions were set 

at 95˚C for 2 min for initial denaturation, followed by 35 cycles 

of 94˚C for 30 s, 60˚C for 2 min and 72˚C, for 60 s, and a final 

extension step of 72˚C for 5 min. Amplicons were purified 

using QIAquick Gel Purification Kit (Qiagen Genomics, 

Bothell, WA, USA) and sent to 1st Base (Selangor, Malaysia) 

for sequencing. 

To construct phylogenetic trees, LSU rDNA and ITS 

sequences of related Alexandrium species were downloaded 

from GenBank. The matrix of sequences was then aligned using 

MAFFT v7.110 (Katoh and Standley 2013) and manually 

refined using BioEdit Sequence Alignment Editor v7.2.5 (Hall 

1999). Maximum-likelihood (ML) analysis was performed with 

Molecular Evolutionary Genetics Analysis version 6.0 (MEGA 

v.6) (Tamura et al. 2013). The best fitting substitution model for 

the ML tree as selected by MEGA v.6 was general time 

reversible (GTR) with gamma distribution (G = 0.72) for LSU, 

and Tamura Nei + G (0.50) for ITS. Bayesian inference (BI) was 

performed using MrBayes v3.1.2 (Ronquist and Huelsenbeck 

2003) through the resources available from the CIPRES Science 

Gateway (Miller et al. 2010). Posterior probability of BI was 

computed with Markov Chain Monte Carlo (MCMC) running 

for 10 million generations with sampling every 100 iterations. 

The best-fit substitution model for the BI tree, selected by 

jModelTest 2.1.10 (Diego et al. 2012), was GTR + G (0.751) + I 

(0.016) for LSU, and GTR + G (0.492) for ITS. The LSU tree 

was rooted with Lingulodinium polyedrum (F.Stein) J.D.Dodge 

(EF613357), Pyrodinium bahamense (AB970721) and 

Fragilidium subglobosum (Stosch) Loeblich III (AF2603387), 

while the ITS tree was rooted with Lingulodinium polyedrum 

(EU177128).  

 

Toxin Analyses 

HPLC analysis was carried out for all exponentially growing 

culture strains (~ three weeks in culture) grown at two batches 

(April 2013 and June 2013) to determine the consistency of 

toxicity over the study period. Approximately 50 mL of 

exponential growing cultures were harvested by centrifugation 

at 2500 x g for 10 min. Cell were resuspended in 0.1 N acetic 

acid and lyzed by sonication on ice at 30 MHz. The resulting 

slurry was centrifuged at 3000 x g for 15 min to remove cell 

debris and the supernatant were further filtered with 0.2 µm 

syringe filter. HPLC analysis was conducted using the pre-

chromatographic oxidation method of Lawrence and Ménard 

(1991) in an HPLC system (Shimadzu, Kyoto, Japan) equipped 

with SPD-535 UV/Vis detector in series with a RF-535 

Fluorescence detector set at wavelengths 330 nm (excitation) 

Strains Location Coordinates 
Sampling 

Date 
Tempera-

ture °C 
Salinity 

ppt 

GenBank Accession 
Numbers 

LSU ITS 

ATC2 Bolinao, 
Pangasinan 

16°23'15.72"N 
119°55'15.41"E 

January 
2013 

30 30 OK896996 OK896992 

ATC3 Bolinao, 
Pangasinan 

16°23'15.72"N 
119°55'15.41"E 

January 
2013 

30 30 OK896997   

ATC9 Bolinao, 
Pangasinan 

16°23'15.72"N 
119°55'15.41"E 

January 
2013 

30 30 OK896998   

AMOL Bolinao, 
Pangasinan 

16°22'13.44"N 119°
56'33.72"E 

January 
2013 

30 29 OK896995 OK896993 

AMC2 Bolinao, 
Pangasinan 

16°22'13.44"N 119°
56'33.72"E 

January 
2013 

30 30 OK888532   

AMC3 Bolinao, 
Pangasinan 

16°22'13.44"N 119°
56'33.72"E 

January 
2013 

30 30 OK896994   

ALEX2L Bolinao, 
Pangasinan 

16°21'20.52"N 
119°56'12.48"E 

April 3013 31 31 OK888533   

ALEX1L Manila Bay 
(Bataan 
coasts) 

14°32'29.04" 
120°36'51.12"E 

April 2013 31 32 OK888531   

Table 1. Cultures of Alexandrium tamutum used in the present study.  
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and 400 nm (emission). In brief, culture extracts were initially 

reacted with 1.00 M NaOH and 10% H2O2 in 10:1 ratio and 

added with a concentrated glacial acetic acid after 2 min. The 

resulting mixture was eluted  

into a C18 reversed phase column with 1.0 M ammonium 

formate (pH 6.0) and 5% acetonitrile (ACN) at a flow rate of 

0.8 mL per min. Periodate analysis was done to detect STX, 

NEO, and GTX1/4, while peroxide analysis was employed to 

detect STX, dcSTX and GTX2/3. Both analyses were carried 

out on the culture extracts and toxin standards purchased from 

Certified Reference Materials Program, National Research 

Council of Canada, Institute for Marine Biosciences, Halifax, 

Nova Scotia, Canada. To rule out presence of ‘imposter’ toxin 

peaks, samples analysis was carried out in non-oxidizing 

condition by replacing the oxidizing reagent with distilled water 

and kept the reaction coil in ice bath (Lim et al. 2005).  

 

Results 

 

Morphology  

Morphological characters of laboratory established culture 

of Alexandrium (~ one month in culture) isolated from Bolinao 

and Manila Bay were identical to Alexandrium tamutum 

(Montressor et al. 2004). Cells of A. tamutum were roundish, 

measuring 25.5–29.84 µm long (mean 27.3 ± 0.5, n = 30), and 

26.2–28.45 µm wide (mean 26.9 ± 0.8, n = 30) (Figs. 2a,b). 

Single cells were common but two or four cells in chain were 

sometimes observed in culture. The nucleus was equatorially 

elongated and located at the center of the cell (Figs. 2a,b). The 

chloroplasts were numerous, golden brown in color and radially 

arranged (Figs. 2b,c). The episome and hyposome were 

hemispherical and almost equal in length (Figs. 2a,b). Thecal 

APC, 4', 6'', 6c, 6s, 5''', 2''''. The apical pore complex (APC) was 

rectangular to triangular with a slim hook-like slit at the center 

(Fig. 2f). In some cells, anterior attachment pore was present at 

the right margin of the suture of APC (Fig. 2g). The first apical 

plate (1') was rectangular and connected to the APC (Figs. 2d,f). 

A small ventral pore was consistently present at the anterior half 

of the suture between first apical plate (1') and fourth apical 

plate (4') (Fig. 2d). The third apical plate (3') was symmetrical 

(Fig. 2f). The sixth precingular plate (6') was pentagonal 

curving at upper right margin and had similar height and width 

(Fig. 6J). The cingulum was wide and had a shallow excavation 

(Figs. 2d,e). The anterior sulcal plate (sa) was wide and had a 

flattened anterior end (Figs. 2d,h). The posterior sulcal plate 

(sp) was wider than long, and almost rectangular (Fig. 2i,j). 

Posterior attachment pore was occasionally present and located 

just below upper right margin of the plate (Fig. 2j). The second 

antapical plate (2'''') was wider than long (Figs. 2i,j).  

Phylogeny  

Eight LSU rDNA and two ITS sequences were successfully 

obtained from eight laboratory established cultures of 

Alexandrium tamutum established from Manila Bay and Bolinao 

Pangasinan. The aligned LSU sequences of 64 OTUs contained 

721 bps, of which 562 sites (77.9%) were variable and 425 sites 

(58.9%) were parsimoniously informative. Its average base 

compositions were A = 0.720, C = 0.274, G = 0.312 and T = 

1.39. A total of 43 aligned ITS sequences which is 748 

nucleotides, of which 469 sites (63.0%) were polymorphic and 

412 sites (55.1%) were parsimoniously informative. Its average 

base compositions were A = 0.510, C = 0.236, G = 0.331 and T 

= 1.22. 

The maximum likelihood (ML) trees inferred from the ITS 

and LSU rDNA are shown in Figs. 4 and 5, respectively. 

Posterior probability and bootstrap support values derived from 

ML and BI analyses were provided in each node. In the LSU 

tree, the eight strains analyzed in this study clustered in the 

clade of A. tamutum with strong support (0.99/73%). In 

particular, the Philippine strains formed a subclade which 

include strains from Brazil (KC097018) and Italy (AJ535372) 

(0.99/73%) in A. tamutum. Similarly, ITS tree showed the 

grouping of Philippine strains in the clade of A. tamutum with 

strong support (0.96/99%). Alexandrium tamutum grouped in a 

well-supported clade (0.94/91%) which included A. insuetum 

Balech, A. minutum Halim and A. ostenfeldii (Paulsen) Balech & 

Tangen. Comparing the LSU sequences, six strains (ATC2, 

ATC3, ATC9, AMOL, AMC2, AMC3) isolated from Bolinao, 

Pangasinan in April 2013 shared identical sequences and 

differed with the strain (ALEX2L) isolated in November 2013 at 

9 positions. Bolinao strains further differed from Manila Bay 

strain (ALEX1L) at 41 positions and to the rest of A. tamutum 

strains at 101 positions. The two ITS sequences from Bolinao 

are 100% identical and differed with the rest of A. tamutum 

strains at 20 positions.  

 

Toxicity 

HPLC analysis of culture extracts grown at exponential 

phase (~ three weeks in culture) showed that Alexandrium 

tamutum was overall negative of paralytic shellfish toxins in two 

culture periods except for strain ATC9 which tested positive 

during the analysis of June 2013 batch culture. In this strain, a 

low amount of decarbamoylsaxitoxin (dcSTX) was detected, 

with toxin content of <1 fmole STX eq per cell (Fig. 3). The 

toxicity was confirmed by spiking the culture extract with the 

reference material and running the analysis without oxidizing 

the sample extract (Fig. 3). After spiking the culture extract with 

the certified reference toxin standard (dcSTX), an increase of 

the target peak was observed without any splitting nor 
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Figure 2. Light and confocal laser scanning microscopy of the cultured Alexandrium tamutum (strain ATC9). Scale bars = 10 µm (A–F, H–J), 1 µm 

(G). A. Surface ventral view showing the shape of the cell. B. Ventral view at deep focus showing the nucleus (nu). C. Ventral view showing the 

autofluorescence in chloroplasts (ch). D. Ventral view of epitheca. E. Dorsal view of epitheca. F. Apical view showing apical pore complex (APC), 

apical plate series (1’–4’) and precingular plate series (1’’–6’’). G. APC with anterior attachment pore (aap). H. Ventro-antapical view showing 

sulcal plates (sa, sma, ssa, smp, sdp, ssp and sp). I­–J. Antapical view showing the postcingular plates (1'''–5'''), and antapical plates (1"" and 2"") 

and posterior sulcal plates. Note the presence of posterior attachment pore (pap).  
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Figure 3. Maximum Likelihood (ML) phylogeny of Alexandrium species inferred from LSU rDNA region (721 bp) based on the GTR + G model. 

Posterior probabilities (PP, ≥0.7) of Bayesian inference and bootstrap support (BS, ≥50%) values of ML were indicated, and black dots indicate 

maximum supports for both BI and ML (PP/BS = 1.00/100). DNA sequences analyzed in this study are highlighted in black box.  
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Figure 4. Maximum Likelihood (ML) phylogeny of Alexandrium species inferred from ITS (721 bp) based on the TN23 + G model. Posterior 

probabilities (PP, ≥0.7) of Bayesian inference and bootstrap support (BS, ≥50%) values of ML were indicated, and black dots on nodes indicate 

maximum supports for both BI and ML (PP/BS = 1.00/100). DNA sequences analyzed in this study are highlighted in black box.  
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Figure 5. HPLC chromatogram showing the peak of decarbamoylsaxitoxin (dcSTX) in Alexandrium tamutum 

after periodate oxidation. Detection by absorbance at wavelength 400 nm. (Top) Toxin standards (Middle). 

Culture extract with and without oxidation (broken line) (Bottom) Note the increase in peak (broken line) in 

culture extract spiked with dcSTX. 
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broadening, which verified the presence of the toxin. 

Furthermore, when the oxidizing agent was replaced with 

distilled water, we did not observe a peak at the expected 

retention time where dcSTX normally elute and therefore the 

presence of “impostor” toxin peaks was ruled out.  

 

Discussion 

 

The morphology of our culture strains was generally 

identical to the original description of Alexandrium tamutum 

(Montresor et al. 2004). This species was established to have 

morphological similarities to A. minutum particularly in its 

small cell size, shape of the posterior sulcal plate, cyst 

morphology, but still discernable by the larger size and width of 

its sixth precingular plate, reminiscent of A. tamarense (Lebour) 

Balech (Montresor et al. 2004). Our strains possessed a 

“tamarense-like” sixth precingular plate and a “minutum-like” 

posterior sulcal plate, which confirms its identification as A. 

tamutum, although some minor differences were observed. In 

culture, cells forming chain of two to four cells were oftentimes 

present, which relates to the presence of anterior and posterior 

attachment pores never been found in any strains of A. tamutum 

including the type specimen. These attachment pores are typical 

characters of a chain forming Alexandrium species such as A. 

pacificum R.W.Litaker, A. tamiyavanichii and A. compressum 

(Y.Fukuyo, K.Yoshida & H.Inoue) Balech (Balech 1995; Leaw 

et al. 2005). Apparently, the unusual morphology we observed 

is not uncommon in A. tamutum as a strain from China (Gu et 

al. 2013) was reported to lack a ventral pore which is present 

always present in our strains and those in Japan, Malaysia, 

Russia and Taiwan (Lilly et al. 2005; Selina and Morozova 

2005; Kaga et al. 2006; Kon et al. 2013). Our phylogenetic 

analyses clearly corroborated the result of the morphological 

identification shown by the clustering of the Philippine A. 

tamutum isolates with other LSU rDNA sequences of similar 

species. In the LSU tree, A. tamutum separated into three 

subgroups, with the Philippine strains clustering with strains 

from Brazil and Italy and slightly diverging from subclade 

composed of strains from Italy, Scotland, Greenland, Denmark 

and another subclade only represented by a Korean strain. 

However, the relationship of strains from various geographic 

locations in each subgroup is not clear and thus entails further 

analyses using other DNA markers and/or more representative 

strains.  

 Occurrence of Alexandrium tamutum has been mostly 

reported in temperate waters of Europe (UK, Italy, Spain, 

Scotland, Greenland, Denmark, Russia) and Asia (China and 

Korea) (Montresor et al. 2004; Figueroa et al. 2007; Penna et 

al. 2008; Brown et al. 2010; Gu et al. 2013; Tillman et al. 2016; 

Kremp et al. 2019; Lim et al. 2019). The presence of this 

species in the tropical region was first reported in Malaysia 

(Kon et al. 2013). In the Philippines, the existence of 

Alexandrium tamutum was first mentioned in the proteomics 

paper of Subong et al. 2021 although they did not provide a 

taxonomic information. The strain (i.e. Alex1L) they used in 

their study was also included in the analyses and confirmed as 

A. tamutum. This study therefore reports the first verified 

occurrence of A. tamutum with detailed morphological and 

molecular information in the country, including its first record in 

Manila Bay. This report further extends the geographic range of 

A. tamutum to Philippine waters. With its occurrence in tropical 

waters where surface water temperature normally ranged from 

30–33oC, A. tamutum can be considered as eurythermal species 

as temperate strains such as those from Greenland was reported 

to thrive in surface water temperature as low as 6oC (Tillman et 

al. 2016)  

 Alexandrium tamutum is a non-toxic species never reported 

to produce paralytic shellfish toxins (Montressor et al. 2004; 

Collins et al. 2009; Subong et al. 2021). The result of our toxin 

analyses was generally similar to these earlier reports. 

Interestingly, we detected a low amount of dcSTX in strain 

ATC9 during the June 2013 analysis although toxin content was 

very low (0.07 fmole per cell). Compared to other toxic 

Alexandrium species, the toxicity of A. tamutum (strain ATC9) 

was still several folds lower. For example, toxicity of A. 

minutum and A. pacificum could reach up to 12.5 fmole per cell 

and 328.05 fmole per cell, respectively (Lim et al. 2007; 

Mackenzie et al 2004). Because of this rare finding, two 

confirmatory tests (i.e., running a blank oxidation reaction and 

spiking the culture with toxin standard) were conducted and 

provided strong proof that the peak we detected in strain ATC9 

is a paralytic shellfish toxin and not an “impostor” peak. 

Previous studies have also analyzed their sample extracts with a 

blank oxidation reaction by replacing the oxidizing agent with 

distilled water in order to rule out the occurrence of impostor 

toxins or naturally fluorescent bacterial compounds coeluting 

with PSP toxins (Lim et al. 2005; Prol et al. 2009). For example, 

fluorescent compounds with similar properties to gonyautoxin-4 

(GTX-4) and neosaxitoxin have been reported to be produced by 

bacteria (Sato and Shimizu 1998; Baker et al. 2003). 

Nevertheless, our result reports the first case of the presence of 

PST in A. tamutum. Although our finding is rather rare, 

detection of PSP toxins from generally non-toxic Alexandrium 

species is not unusual. Previous studies has shown that A. affine 

and A. leei tend to show toxicity during certain periods in 

culture (Nguyen-Ngoc 2004). Interestingly, Subong et al. 2021 

identified the presence of proteins involved in toxin production 

in a non-toxic A. tamutum strain. Furthermore, Vingiani et al. 
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(2020) reported the presence of three transcripts related to 

saxitoxin synthesis (sxtA, sxtG and sxtU) in phosphate starved 

A. tamutum culture. The exact explanation for the rare detection 

of PSP toxin in A. tamutum is unclear but we suspect that the 

proteins or genes responsible for toxin production as reported 

from earlier studies might have been influenced by unknown 

factors. It is important to note that result in this study were 

obtained under a controlled laboratory condition and whether 

these phenomena can happen in the wild is still an open 

question.  

 

Conclusion and Recommendations 

 

The present study provided the detailed molecular and 

morphological characterization of A. tamutum of strains isolated 

for the first time from Manila Bay and Bolinao, Pangasinan . 

More studies should be undertaken in order to know the local 

distribution and occurrence of the species which is commonly 

reported as a temperate organism. 

 Clear and unambiguous identification is important to 

distinguish Alexandrium tamatum, the commonly non-toxic 

species, from highly toxic Alexandrium species to make 

effective management strategies of aquaculture and fishery 

harvest areas. This is especially imperative in areas where 

Alexandrium species have been reported or suspected so as to 

balance decision making in favor of the economy and/or public 

health security. We have shown that a strain of A. tamutum 

could become toxic at certain times although at low amounts. It 

is therefore imperative to understand whether certain factors 

trigger the switching “on” or “off” of this toxicity particularly in 

the field.  
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