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Abstract 

 
Pennate diatom of the genus Pseudo-nitzschia is recognized as causative organisms producing domoic acid 

(DA), a neurotoxin associated with amnesic shellfish poisoning (ASP). Conventional methods using light and 

electron microscopes such as TEM and SEM are undoubtedly useful for Pseudo-nitzschia species 

identification. Nevertheless, this requires taxonomic expertise, and EM preparations are laborious. Whole-

cell fluorescence in-situ hybridization (FISH) has been developed using the molecular approach as a rapid 

detection tool that eases the detection of Pseudo-nitzschia in natural population. In this study, whole-cell 

FISH was applied to investigate the distribution of Pseudo-nitzschia species in Kuching estuary. Field 

sampling was undertaken at Santubong and Samariang estuaries fortnightly from September 2011 till April 

2012. The results showed that extremely low abundance of Pseudo-nitzschia cells in both locations. Large-

subunit ribosomal RNA oligonucleotide probes for P. circumpora (L-S-Pcir-52-A-18), P. caciantha (L-S-

Pcac-38-A-18), and P. pungens (L-S-Ppun-405-A-18) were designed in silico. Synthesized P. pungens and P. 

caciantha probes were subsequently optimized using centrifugation-based whole-cell FISH. The probes were 

tested on culture and spike natural samples, and the results showed that both probes are species-specific. This 

molecular species detection technique is proven to be useful particularly in harmful algal monitoring.   

 

Key words: Pseudo-nitzschia; domoic acid (DA); amnesic shellfish poisoning (ASP); whole-cell FISH; 

LSU rRNA oligonucleotide probe 

 

Abstrak 

 

Pseudo-nitzschia merupakan satu kumpulan diatom yang berkemampuan menghasilkan asid domoic (DA), 

satu toksin yang mengakibatkan keracunan kerang-kerangan amnesik (ASP). Kaedah tradisional seperti 

mikroskopi cahaya dan elektron walaupun sesuai digunakan untuk pengenalpastian spesies-spesies Pseudo-

nitzschia. Namun begitu, kaedah tersebut memerlukan kepakaran taksonomi serta persediaan yang rumit. 

Hybridisasi pendaran in situ telah diperkenalkan sebagai kaeadah pengesanan yang mampu mengenalpasti 

spesies-spesies Pseudo-nitzschia di perairan semulajadi. Dalam kajian ini, hybridisasi penderan in situ telah 

diaplikasikan untuk mengesan Pseudo-nitzschia di muara Kuching. Sampel-sampel plankton telah disampel 

dari Muara Santubong dan Samariang pada setiap dua minggu dari September 2011 ke April 2012. Jumlah 

sel-sel Pseudo-nitzschia yang didapati adalah amat rendah. Penjujuk-penjujuk prob spesifik oligonukleotida 

rRNA bagi P. circumpora (L-S-Pcir-52-A-18), P. caciantha (L-S-Pcac-38-A-18), dan P. pungens (L-S-Ppun-

405-A-18) telah direkabentuk secara in silico dan prob-prob P. pungens dan P. caciantha telah 

dioptimumkan dengan kaedah hybridisasi pendaran in situ. Prob-prob tersebut telah diuji dengan 

menggunakan kultur sel dan sampel semulajadi dengan penambahan sel. Keputusan kajian ini 

menunujukkan kedua-dua prob tersebut adalah spesifik ke atas spesies masing-masing. Kaedah tersebut 

amat sesuai digunakan untuk menganalisasikan kemunculan spesies Pseudo-nitzschia yang berkemungkinan 

muncul dalam air laut. 

 

Kata kunci: Pseudo-nitzschia; asid domoic (DA); keracunan kerang-kerangan amnesik (ASP); hybridisasi 

pendaran insitu; penjujuk prob oligonukleotida rRNA 
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1.0 Introduction  

An unexpected outbreak of human illness due to consumption of contaminated blue mussels 

in Prince Edward Island, Canada had drawn a lot of public concerns in 1987. The causative 

organism was revealed as a pennate diatom in the genus Pseudo-nitzschia. The species 

produced a neurotoxin known as domoic acid (DA). Pseudo-nitzschia is recognized as one of 

the organisms that associated with harmful algal blooms (HABs). The neurotoxin synthesized 

by these harmful organisms were highlighted as contaminating agents existed in blue mussels 

and lead to amnesic shellfish poisoning (ASP) through food transmission (Bates et al., 1989).  

In this regard, fundamental techniques for rapid and specific identification of the 

causative species are therefore desirable. The genus of Pseudo-nitzschia can be readily 

recognized under light microscope (LM) based on its overlapping chain formation and the 

mobility of chain (Lim et al., 2012). However, observation through LM is limited by its low 

magnification that unable to identify to species level. Identification of Pseudo-nitzschia up to 

species level is crucial because one third out of more than 30 of the species are harmful and 

potentially harmful species. Identification to species level highly requires detailed 

morphological observations of the fine-structure of its valve frustules. Advanced electron 

microscopy such as transmission electron microscopy (TEM) has overcome this limitation by 

discriminating the distinct morphological characteristics among the species of Pseudo-

nitzschia. Still, conventional microscopy-based observation is not susceptible for quantitative 

analysis of the abundance of a particular species in large number of samples. TEM approach 

requires taxonomic expertise and difficult to apply when rapid determinations of the presence 

and abundance of particular species in large number of sample was acquired routinely (Miller 

& Scholin, 1998).  

In turn, Miller & Scholin (1998) have introduced rapid molecular approach for 

species detection known as whole-cell fluorescence in-situ hybridization (FISH) to 
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specifically detect Pseudo-nitzschia species in both cultured and natural samples. Species-

specific large-subunit ribosomal RNA-targeted (LSU-rRNA) oligonucleotide probe attached 

with a fluorochrome such as Fluorescein-isothiocyanate (FITC) enable visualization of 

targeted species under an epi-fluorescence microscope (Scholin et al., 1999). 

In Malaysia, ASP has never been reported thus far. However, occurrences of 

potentially toxic Pseudo-nitzschia species have been reported from several locations along 

the coasts of Malaysia (Lim et al., 2012). Occurrence of Pseudo-nitzschia species in Kuching 

estuaries has been found to correlate strongly with temporal and environmental factors such 

as water salinity, pH, silicate concentrations and precipitation rates (Su, 2010). However that 

study was constraint by the limitation of LM where the distribution could only be determined 

until genus level. Identification and cell enumeration of temporal occurrence and distribution 

of Pseudo-nitzschia is mostly required to trace the existence of toxic and non-toxic species 

within natural population. Hence, a more reliable and rapid tool should be subjected to 

investigate species distribution of Pseudo-nitzschia in Kuching estuaries.  

The main objective of this study is to establish a whole-cell FISH for detection of 

Pseudo-nitzschia species in Santubong and Samariang estuaries. The specific objectives in 

this study are as below: 

1. To determine temporal distribution of Pseudo-nitzschia in Santubong and 

Samariang estuaries;  

2. To develop species-specific oligonucleotide probes targeting species of 

Pseudo-nitzschia in Santubong and Samariang estuary; 

3. To evaluate whole-cell FISH protocol for rapid detection of Pseudo-nitzschia 

in cultured and natural samples.  
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2.0 Literature Review 

2.1 Harmful algal blooms 

The occurrence of harmful algal blooms (HABs) is caused by rapid growth of dense 

population of phytoplankton in marine environment. Some algal species consist of red-brown 

pigments that able to discolor seawater due to dense biomass, which known as “red tides”. 

Certain algal species are susceptible to synthesize harmful neurotoxins that can be transferred 

through food consumption. High level accumulation of HABs biomass in marine ecosystem 

indeed has raise public concerns since neurotoxins such as saxitoxin (Huyen et al., 2005) and 

domoic acid (DA) can lead to human illness.  

Throughout the world, approximately 4000 known species of phytoplankton have 

been reported and distributed evenly in coastal regions. From that, around 70 species are 

responsible to the outbreaks of potent shellfish toxins and cause impacts to public healths, 

marine mammals and shellfish that feed either directly or indirectly on them (Munn, 2004). 

 

2.2 Amnesic shellfish poisoning (ASP) 

Amnesic shellfish poisoning (ASP) is the resultant human illness linked to contamination of 

neurotoxin domoic acid (DA) synthesized by pennate diatom of the genus Pseudo-nitzschia 

(Perl et al., 1990).  The first outbreak of ASP was reported in Canada (1987). At least 107 

confirmed ASP cases are reported and three elderly people are killed after consuming the 

particular contaminated blue mussel (Bates et al., 1989). Following that incident, significant 

research efforts on Pseudo-nitzschia have increased dramatically to investigate on the 

occurrence and distribution of potential toxic Pseudo-nitzschia species in worldwide. The 

recognizable clinical symptoms of intoxication to humans include some gastrointestinal signs 

such as vomiting, diarrhea and abdominal cramp, and even neurologic responses involving 

brain disorientation and short-term memory loss (Perl et al., 1990).  
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Domoic acid (DA), the causative neurotoxin responsible to ASP, is originally used as 

a folk medicine to treat intestinal pinworm infestations in young children in Japan. DA is 

recognized as a water-soluble tri-carboxylic amino acid which acts as an excitatory 

neurotransmitter and an analog of glutamate. It will bind on kainate type of glutamate 

receptor with a powerful affinity, causing a subsequent increase in cellular calcium of the 

neuron. The clinical symptom caused by DA on neuron can be short-term memory loss that 

leads to ASP illness (Perl et al., 1990; Bates et al., 1998). 

 

2.3 The genus Pseudo-nitzschia 

The current classification of Pseudo-nitzschia according to Algaebase 

(http://www.algaebase.org/search/genus/) is described below: 

Empire Eukaryota 

Kingdom Chromista 

Subkingdom Harosa 

Infrakingdom Heterokonta 

Phylum Ochrophyta 

Subphylum Khakista 

Class Bacillariophyceae 

Order Bacillariales 

Family Bacillariaceae 
 

Pseudo-nitzschia is a unicellular eukaryote pennate diatom found in marine environment. It 

often appears in stepped colonies with its tip of valves linked with each others in 

morphologically, whereas sometimes it also can be visualized as a single cell (Shin, 1999). 

Somehow, Pseudo-nitzschia has shown its potential to create neurotoxin DA under stress 

conditions. The first discovery of causative species Pseudo-nitzschia associated with 

outbreaks of ASP illness happened in Canada (1987) is documented and succeeded to raise 

public concerns from the huge consumption of contamination mussel incident (Bates, 2000; 

Bates et.al., 1998).  
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Currently, there are 36 species of Pseudo-nitzschia genus have been recognized and 

reported in worldwide. At present, only 12 out of 36 species are confirmed as potential DA 

neurotoxin producers: P. pseudodelicatissima, P. pungens, P. multiseries, P. seriata, P. 

australis, P. calliantha, P. cuspidate, P. fradulenta, P. multistriata, P. delicatissima, P. 

turgidula, and P. galaxie (Parsons et al., 2012). Out of these potential DA producers, the 

major DA producers are recognized as P. australis, P. multiseries, and P. cuspidate in United 

States; P. pseudodelicatissaima, P. seriata and P. caliantha in Alantic Canada; P. seriata, P. 

australis and P. multiseries in Europe; and P. australis in New Zealand (Thessen, n.d.).  

Moreover, six species of Pseudo-nitzschia were found and investigated from Malaysian 

Borneo coastal waters, which are P. brasiliana, P. cuspidata, P. dolorosa, P. micropora, P. 

pungens, and P. circumpora (Lim et al., 2012).  

In Southeast Asia region, approximately 19 species of Pseudo-nitzschia have been 

observed and well-established. Seven species have been detected as toxin producers among 

these 19 species, including P. caliantha, P. cuspidata, P. delicatissima, P. fraudulenta, P. 

multistriata, P. pungens, and P. pseudodelicatissima (Table 2.3).  
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Table 2.3: Occurrence of Pseudo-nitzschia species detected in Southeast Asia regions 

associated with toxic acid in bold (Lim et al., 2012).  

 

Species 
Country 

Malaysia Thailand Indonesia Vietnam Philippines 

P. americana - - - + - 

P. brasiliana + + + + + 

P. caciantha - - - - + 

P. calliantha + + - + - 

P. cicumpora sp. nov. + - - - - 

P. cuspidata + - - + - 

P. delicatissima + + - + - 

P. dolorosa + - - - - 

P. fraudulenta - - - + - 

P. cf. granii  - - - + - 

P. heimii - + - - - 

P. inflatula - + - + - 

P. micropora + + - + + 

P. multistriata + - - + - 

P. pungens + - + + + 

P. pseudodelicatissima - - - - + 

P. cf. sinica - + - + - 

P. subpacifica - + - - - 

P. subfradulenta - - - + - 
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2.4 in silico rRNA-targeted oligonucleotide probes design 

In recent studies, successful application of large-subunit rRNA-targeted (LSU-rRNA) 

oligonucleotide probes in molecular techniques such as hybridization methods have showed 

great potential for detection and quantification of microbial in natural samples (Lipski et al., 

2001). The LSU-rRNA oligonucleotide probe is initially designed and introduced by Stahl et 

al. (1988).  

Ribosomal RNAs are suitable to be used as excellent target molecules with respect to 

their beneficial properties. These properties include presence in all organisms, high natural 

concentration, and valuable information content to provide signature nucleotide stretches for 

most phylogenetic taxa at and above species level (Lipski et al., 2001). Most of the highly 

variable regions LSU-rRNAs databases are retrieved from public databases and designed as 

appropriate probe (Jansen et al., 2000; Lipski et al., 2001). Oligonucleotide probes used in 

whole-cell in situ hybridization are normally labelled with fluorescent markers to indicate the 

presence of genotype of that particular gene interest (Lipski et al., 2001). 

 

2.5  ARB package and probe design 

Evaluation of probe design in silico should be taken in consideration to ensure sensitivity and 

specificity of a significant probe. For example, LSU-rRNA oligonucleotide probes are widely 

used as valuable tools in whole-cell hybridization approach. In this respect, ARB software 

package is recommended as an ideal program to be used as a search tool for designing, 

evaluation and visualization of targeted probes (Kumar et al., 2005).  

Raw data sequences can be retrieved from public databases and imported into ARB 

database. The potential probe sequences is selected and designed using PROBE design tool of 

ARB software based on several criteria such as probe lengths and general hybridization 

parameters like higher percentages of GC content, optimum melting temperature (Tm) and 
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self-complementarily (hair-pin bonds) (Kumar et al., 2005). Subsequently, the desired probe 

sequence is then evaluated in silico by PROBE match tool recommended in ARB software 

package to make sure probe targeting sites with poor accessibility are excluded from the 

result list.  

 

2.6  Whole-cell fluorescence in situ hybridization (FISH) 

Whole cell FISH can be applied as an effective molecular species detection tool used to 

analyze the occurrence of targeted nucleic sequences with the aid of fluorescently labeled 

probes within intact cells (Moter & Gobel, 2000). Generally, LSU-rRNA oligonucleotide 

probes are carefully designed in silico with labeled fluorochrome such as the cyanine dyes 

CY3 or CY5 (Lipski et al., 2001) attached at 5’ ends of corresponding sequence. The 

designed probes applied in whole-cell FISH enable the visualization and identification of 

targeted species within cultural or natural samples. The digital analysis of the resultant cell 

sample obtained can be observed under conventional epifluorescence microscopy or even 

more advanced tool flow cytometry (Lipski et al., 2001). Throughout this molecular 

technique, a quantitative framework can be present significantly in order to evaluate the 

diversity, structure and evolution of microalgal population in environmental samples (Groben 

& Medlin, 2005). 

A valuable protocol regarding to whole-cell FISH created and published by Miller and 

Scholin (2000) is recommended to be used (Groben & Medlin, 2005). The main steps 

involved are cell fixation with modified saline ethanol solution, hybridization steps with 

respective probes, washing steps to remove unbound probes and finally mounting, 

visualization and documentation (Moter & Gobel, 2000). A successful whole-cell FISH 

requires some crucial precaution to be considered, especially with the hybridization 

conditions which may affect the stringency of respective probes used to anneal with targeted 
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sequences. Stringency can be adjusted by varying either formamide concentration or 

hybridization temperature. Modified concentration of formamide is added into hybridization 

buffer to weaken the hydrogen bonds and decrease the melting temperature indirectly. From 

this, lower temperature can be applied with high stringency. Besides, the stringency of the 

washing buffer also can be increased by reducing the salt concentration in order to remove 

unbound probes and other toxic wastes (Moter & Gobel, 2000). 
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3.0 Materials and Methods 

3.1 Sample collection 

Plankton samples were collected from Santubong estuary (1°42’59.82”N110°19’40.84” E) 

and Samariang estuary (1°35’51.82” N 110°18’58.19” E), Kuching, Sarawak (Figure 3.1). 

Total of 12 field samplings were undertaken fortnightly from September 2011 until April 

2012. Plankton samples were collected by using a 20 µm mesh size plankton net hauling 

vertically in the subsurface (<5 m) during high tide. Quantitative plankton sampling was 

conducted by collecting two liter water samples using a 2-L Van-Dorn sampler. Duplicate 

samples were placed in 1-L bottles and brought back to the laboratory for further analyses. 

 

Figure 3.1: Map showing two selected sampling locations, Santubong and Samariang 

estuary in Kuching, Sarawak.  
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3.2 Cell isolation and establishment of cultures 

Pasture pipette was finely drawn under a Bunsen burner to isolate Pseudo-nitzschia cells 

from net samples under an Olympus IX51 inverted light microscope (Olympus, Tokyo, 

Japan). The isolated Pseudo-nitzschia cell was then transferred into a 96-well culture plate 

filled with 0.2 µm filtered seawater. The isolates were maintained for a week at a temperature 

of 25°C. Routine observations were mostly required during their culture establishing periods 

until they reach approximately more than 100 cells before the cultures were readily to be 

transferred and grown in test tubes filled with SWII medium (Table 3.2) coupled with an 

adjusted pH 7.8-7.9 (Iwasaki, 1961). Clonal cultures were maintained at 25°C under 12:12-h 

light dark photoperiod cycle with a light intensity of 100 µmol photons·m
-2

s
-1

. Subcultures 

were conducted aseptically every four to five days for culture maintenance. 

 

Table 3.2: SWII medium components for 1 L of filtered seawater (Iwasaki, 1961). 

 

Component Volume (mL) Final concentration 

KNO3                                                       [7.20 × 10
-1

 mol/L ] 1.0 [7.20 × 10
-4

 mol/L] 

KH2PO4                                                   [3.31 × 10
-2

 mol/L] 1.0 [3.31 × 10
-5

 mol/L] 

Na2-glycero.PO4                              [3.33 × 10
-2

 mol/L] 1.0 [3.33 × 10
-5

 mol/L] 

Silicate 0.5  

 Vitamin mix 1.0  

 Vitamin B12  

(cyanocobalamin) 

 [4.43 × 10
-10

 mol/L] 

 Biotin  [4.10 × 10
-9

 mol/L] 

 Thiamine-HCl  [3.0 × 10
-7

 mol/L] 

Fe-EDTA 1.0 [1.19 × 10
-6

 mol/L] 

Tris-HCl (pH 7.8) 5.0 [4.13 × 10
-3

 mol/L] 
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3.3 Pre-concentration of sample and cell enumeration  

One liter of field samples was concentrated into a 20 mL concentrated cell sample by 

filtration method using a 0.2 µm pore-size Nylon filter membrane (Whatman, USA) into a 50 

mL Falcon tube. Samples were then fixed in acid Lugol’s solution stored in amber glass 

bottle（addition of 0.25 - 0.5 mL acid Lugol’s solution per 100 mL）. Acid Lugol’s solution 

was prepared as such, 20 g of KI was dissolved in 200 mL of distilled water followed by 10 g 

of crystalline was dissolved in 20 mL of glacial acetic acid (Table 3.3).  

 

Table 3.3: Acid Lugol’s solution (Willen, 1962). 

Component Volume 

Distilled water 200 mL 

Potassium iodine (KI) 20 g 

Crystalline iodine (I2) 10 g 

Glacial acetic acid  20 mL 

 

Samples were observed under a compound light microscope at magnification of 

200×–400× for cell enumeration. Triplicates of 1 mL subsamples were enumerated using a 

Sedgwick-Rafter counting chamber to obtain cell abundance (unit: cells mL
-1

). Pseudo-

nitzschia cells were identified based on their common features such as flattened and elongate 

cell, overlapping of cells and the presence of chloroplasts in each polar.  

Data of cell enumeration from the field samples was recorded and tabulated, with total 

cell abundance (D) calculated based on formula as below: 

              
 

  
      

Where, 

n = cells counted in 1 mL of sample, 
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3.4 Detailed morphological observation 

3.4.1 Acid wash preparation  

Concentrated cell samples were undergone acid wash treatment as described in Hasle & 

Fryxell (1970) prior to TEM observation. A total of 20 mL cell sample was harvested by 

centrifugation at 8,000 rpm for 5 min. Equal amount of 98% sulphuric acid (H2SO4) was 

added to the cell pellets after removing supernatant and mixed well by shaking the conical 

flask. Potassium permanganate IV (KMn4O4) was treated drop by drop and agitated until the 

mixture turns dark purple. After that, a small amount of freshly prepared oxalic acid (10%) 

was added into the mixture and stop after the solution becomes clear. Finally, the mixture 

was spun at 8,000 rpm for 15 min at room temperature. The supernatant was discarded and 

rinsed with distilled water. The sample was re-centrifuged again and the rinsing step was 

repeated for 5 to 8 times in order to get rid of unwanted organic particles. 

 

3.4.2 Transmission electron microscopic (TEM) observation 

Drops of cleaned sample was placed on a square mesh VECO copper grid (VECO, USA) and 

examined under a JEOL JEM-1230 transmission electron microscope (JEOL, Tokyo, Japan). 

The cells were examined for with and length, for density of interstriae, fibulae and poroids on 

valves, for pattern of perforations in poroid hymens and for detailed structure of the frustules 

(Lundholm et al., 2002a). TEM micrographs were taken with Gantan Digital Micrograph 

(DM) software equipped with an Erlangshen ES500W camera (Gatan, USA). 
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3.5 Phylogenetic analysis 

LSU rRNA sequences of Pseudo-nitzschia coupled with another two related species 

Bacillaria paxillifer and Navicula cf. erfuga were all retrieved from GenBank used in 

molecular phylogenetic analysis. Representative LSU rRNA sequence of Pseudo-nitzschia 

including their selected outgroups (Table 3.5) were aligned using Clustal-X program 

(Thompson et al., 1997) and subsequently edited manually by BioEdit sequence alignment 

editor ver. 6.0.7 (Hall, 1999). The resultant output of multiple alignments was eventually 

saved in Clustal, Fasta and Nexus format. 

The phylogenetic analysis was undertaken by using Phylogenetic Analysis Using 

Parsinomy* (PAUP*) ver 4.0b10 (Swofford, 2000).  Maximum parsimony (MP) analysis was 

performed using heuristic searches with 1,000 random additions of sequences and a branch-

swapping algorithm with tree-bisection reconnection (TBR). 

  


