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In SilleD Development of Species Specific Oligonucleotide Probes Of Harmfulffoxic
Unarmored Dinoflagellates for Whole-cell In Situ Hybridization (FISH)

Chai Hui Chin
ABSTRACT
Unarmored dinoflagellates consist of species in the division Pyrrhophyta and class Dinophyceae. They are
found in all types of aquatic system including freshwater and marine. Some of the marine species are best
known to cause harmful algal brooms (HABs) that often kill fish and/or shellfish by clogging the animal gills
and deplete oxygen in the water column when the algae proliferated. Some of the species produce
neurotoxins that cause human intoxication by consumption of contaminated shellfish. In this study, species
specific oUgonucleotide probes of harmful and/or toxic unarmored dinoflagellates were designed in silico for
rapid detection by using whole-cell Flourescence in situ hybridization (FISH). Species-specific rRNA
targeted oligonucleotide probes were designed toward the known sequences of the large subunit (LSU)
ribosomal DNA region based on the sequence signatures of each target species. A total of 44 sequence
signatures were defined for 32 of unarmored dinoflagellates, of which 6 species are harmful and/or toxic. The
probe iofoIDlation in this study will be useful in future application of FISH in the natural environment. In
parallel with the study, dinoflagellates from Borneo were isolated and established into clonal cultures. A total
of 14 clonal cultures of dinoflagellates were successfully established and the morphology of each species was
documented. Among the strains isolated, a few are potentially harmful and some are toxic. The major
outcome in this study is the finding of a toxic dinoflagellate, Alexandrium tamiyavanichii from Samariang
estuary. This is the first report of the occurrence of this species in Sarawak waters.
Key words: Unarmored dinoflagellates, ribosomal RNA gene, oligonucleotide probe, sequence signature,
fluorescence in situ hybridization

ABSTRAK
Dinoj1agelat tanpa teka merangkumi spesies dalam divisi Pyrrhophyta dan kelas Dinophyceae. Dinoj1agelat
ini dijumpai dalam semua jenis system akuatik termasuk air tawar dan marin. Sesetengah spesies marin
menyebabkan ledakan alga yang sering membunuh ikan danl atau kerang-kerangan di mana insang mereka
tersumbat serta menyebabkan kekurangan kandungan oksigen dalam air. Sesetengah spesies pula
menghasilkan neurotoksin yang boleh menyebabkan keracunan manusia. Dalam kajian ini, penjujuk
penjujuk prob o/igonukleotida yang spesies-spesijik direka secara in silico bagi tujuan pengesanan
dinoj1agelat yang berbahaya danl atau beracun dengan menggunakan kaedah hibridisasi pendaran secara
seluruh sel (FISH). Prob spesies-spesijik telah direka terhadap rangkaian gen ribosomal RNA subunit besar
(gen rRNA LSU) berdasarkan jujukan penanda bagi setiap sasaran spesies. Sebanyak 44 jujukan penanda
dikenaipasti bag; 32 dinoj1agelat tanpa teka, antaranya 6 'spesies adalah berbahaya danl atau beracun.
Maklumat prob-prob dalam kajian ini akan digunakan dalam ap/ikasi FISH dalam persekitaran semulajadi
pada masa alcan datang. Seiring dengan kajian ini, dinoj1agelat-dinoj1agelat dari perairan Borneo telah
dipencil dan dikultur. Sebanyak 14 kultur klon dinoj1agelat telah berjaya dikultur dan morfologi bagi setiap
spesies telah dicirikan. Antara klon-klon yang dikultur, terdapat beberapa klon yang berpotensi berbahaya
dan beracun. Keputusan yang paling menakjubkan dalam kajian ini adalah penemuan dinoj1agelat beracun,
iaitu Alexandl'ium tamiyavanichii dari muara Samariang. Ini merupakan penemuan pertama kali spesies ini
di persisiran Sarawak.
Kata /cunei: Dinoj1agelata tanpa teka, gen ribosomal RNA, prob o/igonukleotida, jujukan penanda,
hibridisasi pendaran in situ
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1.0

INTRODUCTION

Most unarmored marine dinoflagellates fonn a large group occurring in the sea, in brackish
and in fresh water that are known as harmful algae which are categorized into three main
groups. The first group of these unarmored dinoflagellates is fonned by hannless organism
which can cause discoloration of the water due to massive growth (Hallegraeff 2003).
Under certain condition, this group of algae can cause death to fish and invertebrate due to
oxygen depletion caused by bacterial respiration during decay of algal biomass. The
second group of unarmored dinoflagellates such as Karenia mikimotoi and Karenia brevis
can cause damage to finfish through the release of exogenous substances (Yasumoto 1989).
The third and the most important unarmored dinoflagellate group is the microalgae that
produce potent neurotoxin, saxitoxins (STXs) such as by Gymnodinium catenatum which
can cause serious neurological and gastrointestinal illness, and more severely cause death
to human and other marine mammals (Scholin et al. 2000).
The unarmored harmful dinoflagellates can contributes to massive killed of marine
organism, bird and others organisms after consuming seafood that contaminated by algal
toxins in which the algal toxin can result in seafood poisoning syndrome. There are two
major types of shellfish poisoning caused by naked dinoflagellates, neurotoxic shellfish
poisoning (NSP) and paralytic shellfish poisoning (PSP) (Wang 2008).

.

The HABs and shellfish toxicity was first reported in Malaysian waters when the
marine dinoflagellates Pyrodinium bahamense var. compressum bloomed in Brunei Bay on
the west coast of Sabah in year 1976 in which several people are infected and poisoned
(Roy 1977). Following the event, the bloom of this species continued to occur almost
annually (Usup & Azanza 1998).

Over the years, many poisoning cases have been

reported including several mortalities. In 1991 , three peoples were taken ill after
conswning green mussel (Perna viridis) from Sebatu Melaka and the symptoms may owe

1
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algal toxins. In September 2001, six peoples were taken ill and one victim was died after
consumes the 'lokan' (Palymesada sp.) collected from a coastal lagoon (Sungai Ubi) in
~

Tumpat Kelantan (Lim et al. 2004). However, there is lacking of study on unarmored
hannful dinoflagellates in Malaysia. Qualitative studies of the plankton in the Straits of
MaIacca on the west coast of peninsular Malaysia had been conducted however without
further description of harmful unarmored dinoflagellates (Shamsudin 1987). In addition,
there is also lack of detailed study of the species composition; distribution and abundance
of the unarmored dinoflagellates in the country which may due to the difficulty to identify
the unannored dinoflagellates because unarmored dinoflagellates are fragile and distort
easily (Hackett et al. 2004).

In this study, the molecular approach of whole cell fluorescence in situ
hybridization (FISH) couple with the epi-fluorescence microscopy and confocal laser
scanning microscopy (CLSM) will be used to detect the potentially harmful and! or toxic
unannored dinoflagellates. The rRNA-targeted oligonucleotide probes will be designed in

silica towards known sequences of the whole ribosomal DNA regions. The probes will
then be synthesized and tested. The probes optimization will also be carried out to validate
the efficiency of probes.
The aim of this study is to develop the species specific oligonucleotide probes for
detecting the potentially harmful/ toxic unarmored dinoflagellates in Malaysian waters by
using whole-cell FISH. The specific objectives of this study are to establish clonal cultures
of unannored dinoflagellates from Kuching waters and to design in silica the speciesspecific ribosomal RNA oligonucleotide probes towards the harmful and toxic unarmored
dinoflagellates.

2

2.0

LITERATURE REVIEW

2.1

Unarmored marine dinoflagellates

The unannored marine dinoflagellates comes from the division Pyrrhophyta and class
Dinophyceae which are common organism in all types of aquatic system and are an
important group of phytoplankton found in marine and fresh waters (Graham & Wilcox
2000). These dinoflagellates are best known with it ecological interest such as the
swimming and feeding behavior, bioluminescence and toxin production. Knowledge about
the dinoflagellates evolution is supported by a rich fossil record that can be used to study
their emergence and diversification (Hackett et al. 2004).

2.2

Harmful algal bloom (HABs)

Some of the unarmored marine dinoflagellates contribute to toxin production or cause
harmful effects to the ecosystem which are often associated with the term called "red tides"
or harmful algal blooms (RABs) due to its massive proliferation or bloom by which the
pigmented phytoplankton reproduce to such high concentration that the water visibly turn
to red or dark brown colour (Usup et al. 2000).
In Malaysia, bloom of the harmful algae or toxic dinoflagellate of Pyrodinium
bahamense var. compressum occurred for the first time in the west coast of Sabah in year

. 1976 (Roy 1977) and blooms of Karenia brevis were first reported in 1844 in Florida
predating the rapid economic growth and development of the mid to late twentieth century

by many decades. Documentation of RABs continued to expand greatly over the last few
decades, and presently, nearly every country with marine waters is known to be affected by
these blooms (Hallegraeff 1993).
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Figure 2.1

2.3

Harmful algae bloom in the food chain and the route of exposure (Gerssen
et al. 2010).

Sbellfish poisoning due to unarmored dinoflagellates

2.3.1 Neurotoxic Shellfish Poisoning (NSP)
NSP is first recorded in year 1880 on the west coast of Florida which caused by the
ingestion of shellfish contaminated by brevetoxins produced by blooms of the
dinoflagellates Karenia brevis Hansen and Moestrup (2000) that formerly known as
Gymnodinium breve and Ptychodiscus brevis (Bourdelais et al. 2002). K. brevis is one of

the marine species of dinoflagellates that produces brevetoxins (e.g. K. mikimotoi
Daugbjerg, Hansen, Larsen, & Moestrup (2000), K. brevisulcata Daugbjerg, Hansen,
Larsen, & Moestrup '(2000), K. selliformis Haywood,_ Steidinger & MacKenzie, (Haywood
et aI. 2004), and K. papilionacea Haywood, & Steidinger (Haywood et al. 2004), but it
remains the best studied to date. Brevetoxins are hpid soluble polyethers (Wang 2008) that
can cause massive fish kill, birds' death, marine mammal mortalities and human
respiratory illness by producing the lipid soluble toxins such as hemolycin and neurotoxins
(Nikolaidis et aI. 2005; Wang 2008).
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There are two types of brevetoxin congeners based on the backbone structure, the
brevetoxin B backbone (type 1; PbTx-2, 3, 5, 6, 8, 9) and brevetoxin A backbone (type 2;
PbTx-l, 7, 10) . For K. brevis, the brevetoxins that mainly produces is PbTx-2 (Figure 2.2,
Wang 2008). The brevetoxins act by disrupting the flow of Na+ in the nerve cells in which
they bind to the sites near the voltage gated sodium channel. Thus, allows the unchecked

Na+ ions flow into or out of the cells. This disruption of ion flow within the nerves cells is
subsequently causing the neurological effect. The neurological symptom caused by NSP
included nausea, tingling and numbness of the perioral area, loss of motor control and
severe muscular pain. However, no deaths have been caused by NSP and the recovery is
only within few days (Wang 2008).

_Figure 2.2

Structure of neurotoxin shellfish poisoning toxin of Type 1 (Brevetoxin B)
and Type 2 (Brevetoxin A) from marine dinoflagellates (Wang 2008).

2.3.2 Paralytic Shellflsh Poisoning (PSP)
PSP is the most important seafood intoxication due to HABs in Malaysian water
(Hallegraeff 1993). Within the saxitoxin group, around 30 different analogues have been
detected and detennined (Gerssen et al. 2010). Paralytic shellfish poisoning (PSP) is

5

Figure 2.3

Morphological structure of two-cell chain of the Gymnodinium catenatum
(Holmes & Teo 2002).

Figure 2.4

Structure ofPSP toxins from marine dinoflagellates (Van Dolah 2000).

2.4

Molecular approach of whole cell fluorescence in situ hybridization (FISH)

2.4.1 rRNA- targeted oligonucleotide probes
Since fluorescence in situ hybridization (FISH) technique became the integral part of the
rRNA approach, ribosomal RNA has become the valuable tools for the detection of
microorganism involved in important biotechnological processes in which these probes can

be designed to specifically narrow to broad phylogenetic group (from species to domain).
The major steps in probe designed are identifying short regions with length that ranging
from 15-30 nucleotides in a sequence alignment unique to a targeted group, centralizing
7

caused by the consumption of shellfish that contaminated by toxic dinoflagellates which
eventually causes both the neurological and gastrointestinal symptoms. In Malaysia, the
dinoflagellates that had been reported to be the major sources of PSP toxins were including
the Alexandrium sp. such as A. tamiyavanichi in Sebatu Melaka, and A. minutum Halim in
Tumpat Kelantan, Gymnodium catenatum Graham and Pyrodinium bahamense var.
compressum in Sabah (Usup et a1. 2002a). Among the dinoflagellates, G. catenatum is the

only unarmored form of dinoflagellates known to produce PSP toxins (Figure 2.3, Holmes

& Teo 2002).
The PSP toxins are heat stable and water soluble non-proteinaceous toxins. The
basic structures of PSP toxins are 3, 4-propinoperhydropurine tricyclic systems. Saxitoxin
and its analogues can be divided into three categories such as the carbamate compounds,
which include saxitoxin, neo-saxitoxin and gonyautoxins 1-4; the N-sulfocarbamoyl
compounds, which include the C and B toxins; and finally the decarbamoyl compounds
with respect to the presence or absence of I-N-hydroxyl, II-hydroxysulfate, and 21-N
sulfocarbamoyl substitutions as well as epimerization at the C-ll position (Figure 2.4, Van
Dolah 2008). Saxitoxin is the most toxic and most well studies among the PSP associated
toxins which acts as the blockers of voltage-gated sodium channels found on the nerve
cells and smooth muscle (Shimizu 1994). Action of these toxins inhibits the depolarization
of nerves and smooth muscles which then results in paralysis and death due to respiratory
failure.
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mismatches to non-target group and modifying the sequence to meet probe design criteria
such as minimum melting temperature (Tm), Gibb's free energy(L\G) and GC content
(Hugenholtz et al. 2001). In this study, probes were used to detect the targeted
dinoflagellates that are toxic and! or harmful, and ribosomal RNAs (rRNAs) act as an
excellent target molecules because it is presence in all organism, high natural concentration
and high information content that provide signature nucleotide content stretch for most
phylogenetic taxa (Lipski et al. 2001).
A good probes design and careful further evaluation in silico plays an important role
to ensure the sensitivity, specificity and consistency is satisfied (Kumar et al. 2005).
Sensitivity is required in designing probes in which self-complementarity of probes and
probes that intend to hybrid to themselves rather than to their targeted sequences need to
avoid.

Probes should also be specific for the intended gene or gene family and not

complementary to other sequences so that cross-hybridization is inhibited. For consistency,
the melting temperature for all probes should be within some small range so that they can
hybridize to their intended targets at the same temperature within an experiment (Feng et al.

2007).
In optimization of the probe, long probes (20 - 30 nucleotides) are preferred to be

used instead of short probes (10 - 15 nucleotides) because long probes yield better signal
. intensity than short probes. However, the signal intensity of short probes can be improved
by addition of spacers or using higher probe concentration for spotting. The accurate gene
expression measurement can be achieved with multiple probes per gene and fewer probes
are needed. In addition, shorter oligonucleotide probes also work well in gene expression
analysis if the probes are validated by experimental selection or if mUltiple probes per gene
are used for expression measurement (Chou et al. 2004).
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2.4.2 Fluorescence in situ hybridization (FISH)
Fluorescence in situ detection was first apply in year 1980 when RNA was directly labeled
on the 5' end with fluorophore and was used as a probe for specific DNA ~equences (Not
et aI. 2002).This technique is very beneficial that can be used to evaluate the phylogenetic
identity, morphology, identity, number and spatial arrangements of microorganisms in
environmental setting (Hugenholtz et al. 2001)
The cultivation-independent molecular technique of FISH utilizes either the small
subunit (SSU) or large-subunit (SSU) as the phylogenetic marker and probed in situ with
fluorophore-Iabeled DNA oligonucleotides which are actually complementary to each
other. Classically oligonucleotide probes with it 5' end been labeled with fluorescein-5
isothiocyanate (PITC) can be detected after the probe has hybridized to its target (Not et al.
2(02). This enables the fluorescent signal received from target cells is sufficient for
discrimination of these cells from the background and non-target cells (Yilmaz et al. 2006).
In situ hybridization conditions for the new oligonucleotide probes were optimized

by gradually increasing the forrnamide concentration in the hybridization to the optimal
concentration concentrations that yield good signals with the target cells and additionally
allow the discrimination of non-target cells (Stoffels et al. 2001) .

.2.5

Microscopy,in species enumeration

2.5.1 Epi-Ouorescence microscopy

In 1904, KOhler first detect the fluorescence while he observed tissue that irradiated with
ultraviolet light in a microscope. Later, epi-fluorescence microscope becomes most
commonly used tool to analyze and observe the fluorescently labeled samp]e that can be
applied to aqueous and solid samples.
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This microscope utilizes the high pressure mercury lamps as the light source which
emits the light in broad range from UV to far red. By using this microscope, up to four
fluorescent stains can be detected sequentially by using separate filter sets or
simultaneously with multiband pass filters. The range of fluorochrome that can be detected
by this microscope is range from 400nm to 700nm (Lipski et al. 2001).

2.5.2 Confocal laser scanning microscopy (CLSM)
The basic concept was originated since mid-1950s (patented in 1961) when the scientist,

Marvin Minsky wanted to image networks in unstained preparations of brain tissue and
was driven by the desire to image biological events that occur in living system.

In CLSM (Figure 2.5, Shotton 1995), the coherent light is emitted by the laser
system which acts as the excitation source that passed through a pinhole aperture that
situated in a conjugate plane with scanning point on the specimen and the second point
aperture positioned in front of the detector (a photomultiplier tube). The pinhole aperture
plays an important role in this microscope in which it serves as the spatial filter at the
conjugate image plane positioned directly in front of the photomultiplier. It also serves to
exclude fluorescence signals from out-of-focus features positioned above and below the

focal plane, which are instead projected onto the aperture as Air disks having a diameter
much larger than those forming the image. Coupling of pinhole aperture limited point
•

scanning to a pinhole spatial filter at the conjugate image plane which is the essential
feature of this microscope.
As the laser reflected by a dichromatic mirror and scanned across the specimen in a

defined focal plane, secondary fluorescence emitted from points on the specimen (in the
focal plane) pass back to through the dichromatic mirror and are focused as a

confocal points at the detector pinhole aperture whereas light from planes above or below
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focus either in front of, or behind, the pinhole, thus contributing only low photon flux
through the pinhole.
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Figure 2.S

Schematic diagram of the optical pathway and principal components in
Confocal Laser Scanning Microscopy (CLSM) (Shotton 1995).
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