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ABSTRACT 

 
Some species in the genus Pseudo-nitzschia have the ability to produce domoic acid (DA). DA is a potent 

neurotoxin responsible for a human intoxication known as amnesic shellfish poisoning (ASP). Identification 

of the species mainly depends on the morphological observation which is insufficient to discriminate to the 

species level. Species identification of Pseudo-nitzschia acquires application of inclusive electron 

microscopy to investigate the fine ultrastructures of frustules. In this study, a molecular approach was applied 

to identify the harmful Pseudo-nitzschia species by using the whole-cell fluorescence in situ hybridization 

(FISH). The rRNA-targeted oligonucleotide probes were successfully designed in silico targeting P. pungens, 

P. brasilina and P. caciantha. The P. pungens species-specific probe was tested using Pseudo-nitzschia 

culture samples. The results showed high specificity and accessibility of the probe. The probe was further 

tested on natural seawater samples with cell spiking. Our results indicated that the fluorescent 

oligonucleotide probes (PuD1) show great promise as a tool that can facilitate the detection of P. pungens in 

the phytoplankton samples. The whole-cell FISH method was proven as a rapid detection tool for Pseudo-

nitzschia with high specificity. This approach is suggested to be adopted in the country harmful algae 

monitoring and mitigation.  

 

Key words: Pseudo-nitzschia; amnesic shellfish poisoning (ASP); whole-cell FISH; rRNA-targeted 

oligonucleotide probe 

 

 

ABSTRAK 

 
Spesies dalam genus Pseudo-nitzschia didapati sebahagiannya berkemampuan untuk menghasilkan asid 

domoic (DA). DA merupakan neurotoksin yang bertanggungjawab ke atas keracunan kerang-kerangan 

amnesik (ASP). Identiti spesies sangat sukar dikenalpastikan dengan menggunakan permerhatian morfologi. 

Pengenalan mikroskopi elektron memanfaatkan pengecaman spesies Pseudo-nitzschia dengan memeriksa 

ultrastruktur sel. Dalam kajian ini, hybridisasi pendaran in situ (FISH) telah diperkenalkan. Penjujuk 

prob oligonukleotida rRNA bagi P. pungens, P. brasilina, dan P. caciantha telah berjaya direka secara in 

silico. Prob spesifik P. pungens telah diuji dengan menggunakan kultur-kultur Pseudo-nitzschia. Keputusan 

kajian ini menunjukkan spesifikasi yang tinggi terhadap spesies sasaran. Prob ini selanjutnya digunakan 

untuk menguji sampel air laut semulajadi dengan penambahan sel P. pungens. Keputusan kami menunjukkan 

PuD1 berkesan dalam pengesanan P. pungens.  FISH telah terbukti salah satu kaedah yang dapat mengesan 

spesies-spesies Pseudo-nitzschia dengan spesifikasi yang tinggi. Teknik ini diharapkan dapat diperkenalkan 

dalam usaha pemantauan pihak penguatkuasa negara.  

 

Kata kunci: Pseudo-nitzschia; keracunan kerang-kerangan amnesik (ASP); hybridisasi pendaran in situ; 

penjujuk prob oligonukleotida rRNA 
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1.0 INTRODUCTION 

Species of the genus Pseudo-nitzschia are distributed all around the world (Takano and 

Kuroki 1977). There are several species of the genus which contributed to the production 

of domoic acid (DA) (Becerril 1998). DA is referred to as a potent neurotoxin that can 

cause Amnesic Shellfish Poisoning (ASP) in human. ASP was first identified in 1987 when 

over 143 people became ill and 4 died after consuming DA-contaminated mussels (Bates et 

al. 1989). Serious attention and rapid detection of the Pseudo-nitzschia species particularly 

of those harmful in the natural populations are crucial. However, traditional positive 

identification at species level is often difficult and unsuitable for rapid detection of their 

occurrence in the marine environments (Becerril 1998).    

In the previous study, there are several molecular techniques used to detect Pseudo-

nitzschia species. The techniques involved are fluorescently labeled antibodies and lectins 

(Vrieling et al. 1994), fluorescence in situ hybridization (FISH) (Lim et al. 1993) and 

sandwich hybridization (Scholin et al. 1996), and a variety of nucleic acid amplification 

methods that target specific signature sequences (Bowers et al. 2000). Whole-cell FISH is 

applied together with the ribosomal RNA-targeted obligonucleotide probes. It is a 

cytogenetic technique which rest on hybridization of fluorescently labeled oligonucleotide 

probes to rRNA within intact cells and labeling the target species when appropriate 

reaction condition is applied. rRNA-targeted obligonucleotide probes developed by Stahl 

et al. (1988) was the first attempt in facilitating the Pseudo-nitzschia species detection, 

identification and quantification without the limitations of culture-dependent methods 

(Lipski et al. 2001). This cultivation-independent FISH detection approach allows Pseudo-

nitzschia species to be detected rapidly in the natural populations.  
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In this study, a molecular approach of whole-cell fluorescence in situ hybridization 

(FISH) coupled with epifluorescence and confocal laser scanning microscopy (CLSM) was 

used to detect Pseudo-nitzschia species in Malaysian waters. rRNA-targeted 

obligonucleotide probes were designed in silico towards known sequences of the large 

subunit of ribosomal RNA. The whole-cell FISH application was carried out with P. 

pungens species-specific probe. Probe optimization such as probe labeling intensity, 

stability, cross reactivity of the probe was carried out to validate the efficiency of probes. 

Finally the probe was used to detect targeted cells from the natural seawater samples.  

The main objective of this study is to develop a molecular method for rapid detection 

of Pseudo-nitzschia species either in cultured cells or natural seawater samples by using 

species specific rRNA-targeted obligonucleotide probes. The specific objectives of this 

study are as below:  

i. To establish clonal cultures of Pseudo-nitzschia species from Kuching waters; 

ii. To design in silico the Pseudo-nitzschia species-specific rRNA-targeted 

obligonucleotide probes; 

iii. To optimize the hybridization condition of the probe; 

iv. To apply the species-specific probe to natural seawater samples. 
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2.0 LITERATURE REVIEW  

2.1 Harmful algal blooms (HABs) 

HABs are caused by blooms of algae known as phytoplankton (Fleming et al. 2007). 

According to Fleming et al. (2007), HABs can occur in all aquatic environments. The 

marine organisms involved in HABs are dinoflagellates, diatoms, cyanobacteria and 

nuisance macroalgae. HABs also known as “red tides” in marine environments due to their 

ability to change the color of the water to red or brown. Overgrowth of the HABs 

organisms will contribute to the depletion of oxygen in the marine environment and cause 

harm to other survive organisms. Besides that, HAB organism can produce extremely 

potent natural toxins and possibly will cause seriously damage to the local environment 

and other organisms (Fleming et al. 2007).  

 According to Munn (2004), there are about 4000 known species of phytoplankton 

in the oceans, of which about 200 species have been recognized as causing exceptional 

blooms. Of these, there are about 70 species are toxic producers and mainly are 

dinoflagellates. The HABs toxins can cause disease symptoms to human and other 

organisms as a result of eating seafood which have accumulated the toxin in their tissues 

through feeding in water containing high levels of toxin-producing plankton.  

 

2.2 The genus Pseudo-nitzschia 

The diatom genus Pseudo-nitzschia was originally proposed by Peragallo (Peragallo and 

Peragallo 1897-1908) from the genus Nitzschia and subjected to many taxonomic changes 

over the last century based on their frustule morphology.  Pseudo-nitzschia is a relatively 

small genus which only containing about 34 species. This genus occurs in marine 
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planktonic habitats and distributed worldwide. Pseudo-nitzschia species are implicated in 

DA outbreaks, where DA is a neurotoxin that can be transferred along the marine food web 

via feeding mainly by shellfish. The toxins can cause ASP, which can have lethal effects in 

sea birds, marine mammals and humans (Bates 2000). 

 According to Moestrup and Lundholm (2007) there are eleven species of the genus 

of Pseudo-nitzschia have been recognized as potential producers of the DA toxins. The 

eleven species included P. australis Frenguelli, P. calliantha Lundholm, Moestrup et Hasle, 

P. cuspidate (Hasle) Hasle, P. delicatissima (Cleve) Heiden, P. fraudulenta (Cleve) Hasle, 

P. galaxiae Lundholm et Moestrup, P. multiseries (Hasle) Hasle, P. multistriata (Takano) 

Takano, P. pungens (Cleve) Hasle, P. seriata (Cleve) Peragallo f. seriata, and P. turgidula 

(Hustedt) Hasle. 

 Identification of Pseudo-nitzschia species to the species level is usually undertaken 

by advanced electron microscopic techniques (scanning electron microscopy, SEM and 

transmission electron microscopy, TEM) to investigate their fine morphological 

characteristics on the frustules. The morphological characters are (1) width of the valve; (2) 

shape of valve; (3) presence or absence of a larger central interspace; (4) density of 

interstriae and fibulae; (5) structure of striae; (6) structure of the girdle band (Figure 2.1). 

Hasle et al. (1996) stated that the space between fibulae is called interspace, and the space 

between two central fibulae is called the central interspace (Figure 2.1). A central 

interspace consistently greater than the others shows the presence of a central nodule and 

central raphe ending (Hasle et al. 1996). Most of the Pseudo-nitzschia cells form stepped 

colonies, in which the cells overlap tip-by-tip. This feature is also used in delineating 

species. 
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Figure 2.1 Diagram showing the morphological characters of the Pseudo-nitzschia cells. 

The morphological characters including width and shape of valve, presence or 

absence of a larger central interspace, density of interstriae and fibulae, 

structure of striae (number of rows, density and structure of poroids) and 

structure of the girdle band (adopted from Hasle et al. 1996). 

 

2.3 Amnesic shellfish poisoning (ASP) 

ASP is the illness caused by diatoms and probably mass mortality in sea birds and 

mammals (Becerril 1998).The first reported of ASP occurred in Canada in 1987 during 

which clinical signs of a acute toxicity such as gastrointestinal distress, confusion, 

disorientation, memory loss, coma, and dead were observed (Lefebvre and Robertson 

2010). According to Lefebvre and Robertson (2010), ASP has a significant effect on 
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marine wildlife and multiple poisoning events have occurred in marine birds and mammals 

over the last few decades. The toxin responsible for ASP is DA which potentially produced 

by the marine diatom Pseudo-nitzschia (Bates 1998). 

 DA is a water soluble tricarboxylic amino acid that binds to both kainate and α-

amino-3-hydroxy-5-methyl-4-isoxazoleproprionic acid subtypes of the glutamate reseptor, 

which further leading to the greatly elevated levels of intracellular Ca
2+

 (Hampson and 

Manalo 1998). As a result, the neuronal cell in the regions of the hippocampus responsible 

for learning and memory processing (Xi and Ramsdell 1996) will death. Consequently, this 

leads to the short-term memory loss, a clinical sign of the ASP.  

 

2.4 Whole-cell fluorescence in situ hybridization (FISH) 

According to Pernthaler et al. (2000), whole-cell FISH is a staining technique that allows 

phylogenetic identification of bacteria in mixed assemblages without prior cultivation by 

means of epi-fluorescence and confocal laser scanning microscopy. Whole-cell FISH is 

slightly different with the common FISH method. FISH used fluorescent probes that bind 

only to those parts of the chromosome while whole-cell FISH bind to whole part of the 

cells. In contrast to hybridization techniques that are based on extracted nucleic acids, 

whole cell hybridization is applied to morphologically intact cells (Lipski et al. 2001). 

Whole-cell FISH protocols involve fixation of the cells, probe hybridization, washing 

unbound probe and observation under selected fluorescence microscope (Figure 2.2).  
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Figure 2.2 Flow diagram of whole-cell fluorescence (Amann and Fuchs 2008). 

 

2.5 Fluorescence microscopy  

2.5.1 Epi-fluorescence microscopy 

According to Tobe et al. (2006), epi-fluorescence microscopy is the most commonly used 

technique for analyzing fluorescently labeled samples and evenly used in separation of 

closely related and morphologically similar algal species (Figure 2.3). The epi-

fluorescence microscopy consists of a high pressure mercury arc bulb as the illumination 

source which emits light in a broad range from UV to far-red. This light is passed through 

the dichoric fluorescence filter cube which only allowing certain excitation wavelengths to 

pass to reach the specimen. Light that reaches the specimen excites molecules and causes 

them to fluoresce. It is this emitted fluorescence that is picked up and imaged through the 

fluorescence microscope. Emission filters cut out all but the desired wavelengths to view.  
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Figure 2.3 Diagram of epi-fluorescence microscope (Dykstra and Reuss 2003). High 

pressure mercury arc bulb acts as the illumination source which emits light 

in a broad range from UV to far-red. This light is passed through the 

dichoric mirror and allowed certain excitation wavelengths to pass to reach 

the specimen. Light that reaches the specimen excites molecules and causes 

them to fluoresce. 

 

2.5.2 Confocal laser scanning microscopy (CLSM) 

CLSM is an exceptionally valuable tool in resolving the spatial resolution at the cellular 

level (Figure 2.4). CLSM capable to exclude the out-of-focus fluorescence from the image 

by have a pinhole at the confocal plane of the microscope (Lipski et al. 2001).  Hence, only 

those fluorescence emitted from a small volume around the focal plane is recorded by the 

detector and leading to the sharp two-dimensional (2D) images formation. When the object 
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is so-called raster scanned at different depths, its three-dimensional shape can be 

reconstructed by computer aid. 

 

 

Figure 2.4  Diagram of CLSM (Murphy 2001). The laser acts as the illumination source 

which emits excitation beam to the dichoric mirror and allowed certain 

emission beam to reach at the specimen. The laser excites the specimen 

causes them to fluoresce. Only those fluorescence emitted from a small 

volume around the focal plane is recorded by the detector and leading to the 

sharp two-dimensional (2D) images formation. 
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2.6 Digital image analysis 

Image analysis is the extraction of meaningful information from the image captured by 

using a computer or electrical device automatically studies. For digital imaging, charge 

coupled device (CCD) cameras are most frequently used due to their linear camera 

response, the geometric linearity, an excellent spatial resolution and the high sensitivity 

(Lipski et al. 2001). Image analysis was continued performed by using the ImageJ program. 

In order to provide a measure of cell label intensity less subjective than micrographs alone, 

extreme care was taken to capture digital images of cells using constant CCD camera 

settings, and fluorescent beads will be included in the analysis to ensure that any variations 

in the cell label intensity observed are not related to fluctuations in incident light or other 

alterations to the microscope itself (Miller and Scholin 2000). In other words, the analysis 

software would correct for dark regions in cells and removed them from the calculation of 

pixel density per unit area when defining an area of interest based on pixel density alone 

(Miller and Scholin 2000). 

 

 

2.7  rRNA-targeted obligonucleotide probes 

rRNA-targeted obligonucleotide probes have evolved into a widely used tool for the direct, 

cultivation-independent identification and enumeration of individual microbial cells or 

specific groups of bacteria in simple to complex natural environment (Kumar et al. 2005). 

rRNA-targeted obligonucleotide probes are applied in whole-cell hybridization formats to 

identify and enumerate Pseudo-nitzschia species collected from pure cultures and natural 

seawater populations (Scholin et al. 1997). 

More than 20 years ago, the development of rRNA–targeted oligonucleotide probe 

by Stahl et al. (1988) have become an important milestone for the detection of 


