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Abstract

Toxic cyanobacterial communities of four recreational water reservoirs (Bueng Kaen Nakhon, Bueng
Thung Sang, Bueng Nong Khot, and Bueng See Than) in Amphur Muang, Khon Kaen, Thailand were investigated,
with particular importance given to genus Microcystis. Water samples were collected seasonally, viz. summer,
monsoon, and winter for studies of diversity and density of toxic cyanobacteria, and toxin quantification.
The main toxic cyanobacteria present in these reservoirs were Cylindrospermopsis sp., Microcystis sp.,
Oscillatoria sp., and Pseudanabaena sp. The biovolume of Microcystis sp. attained a maximum of 447x10°,
132x10°, and 108x10° mm® m” in the water samples collected from Bueng Nong Khot in summer, monsoon, and
winter, respectively. Application of 16S rRNA analyses to Microcystis sp. isolate NK1 and NK3 show that they
are most closely related to M. aeruginosa 2L T27S08 (96% similarity), and M. aeruginosa FC-070 (97% similarity),
respectively. ELISA assays specific for hepatotoxic microcystins were carried out for detection of microcystin
quantification. The highest values were found in the water samples collected from Bueng Nong Khot in summer,

monsoon, and winter with 1.091, 1.209, and 1.235 pug L™, respectively.
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1. Introduction

Toxic cyanobacterial blooms are frequently
observed in eutrophicated fresh water bodies throughout
the world. Several genera are known to produce toxic
secondary metabolites-cyanotoxins (1). Microcystins
(MCs) are the most commonly found and widespread
cyanotoxins, being associated with several bloom-

forming genera, especially Microcystis (2-3). These

toxins are cyclic peptides hepatotoxins and share the
common structure cyclo-(-D-Ala(')-X(Z)-D-MeAspm-Z(A)-
Adda(5)-D-Glu«’)-Mdham), where X and Z are variable
L-amino acids, D-MeAsp is D-erythro-3-iso-aspartic
acid, Adda is (25, 38, 8S, 95)-3-amino-9-methyl-2,6,8
trimethyl-10-phenyldeca-4,6-dienoic acid, and Mdha
is N-methyl-dehydroalanine. MCs nomenclature is
based on the variable amino acids, e.g. microcystin-LR

(MC-LR) contains leucine and arginine in position X



and Z, respectively (4). As well as variation in amino
acids there are a number of MCs with minor chemical
modifications, giving a current total in excess of 80 MCs
structures (2).

The toxicity of MCs is associated with the
inhibition of serine/threonine protein phosphatase 1
and 2A, which induces the overphosphorelation
of cytoskeletal proteins in the liver cells, leading
to the collapse of liver tissue organization, hepatic
hemorrhage, and hepatocytes necrosis (5-8).
Contamination of MCs in water bodies has led to
fatalities in wild and domestic animals worldwide (9),
and the toxins have also been associated with primary
hepatocellular carcinoma in human (10-11). Incidences
of animal and human fatalities caused by MCs have
led to the introduction of guideline values for drinking
water by the World Health Organization (WHO), with
arecommended limit ofa 1.0 pg of MC-LR per liter (12).
Recently, MCs have been classified by the International
Agency for Research on Cancer (IARC) as “possibly
carcinogenics to humans” group 2B (13).

In Thailand, a country with tropical climate,
cyanobacterial blooms have been observed in water
bodies used for fisheries, recreational and/or drinking
water reservoirs. Several cyanobacterial species occurred
in the blooms, but Microcystis sp. has frequently been
found (14-16). The present study aimed to survey and
monitor toxic cyanobacteria, with particular to genus
Microcystis, in four important recreational water
reservoirs in Khon Kaen, Thailand. Quantitative analyses

of MCs in those reservoirs were also investigated.

2. Materials and Methods

2.1 Site description and sample collection
Bueng Kaen Nakhon, Bueng Thung Sang,

Bueng Nong Khot, and Bueng See Than are located in
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Amphur Muang, Khon Kaen, Thailand, with surface area
of 1.05, 2.40, 1.92, and 0.08 km’, respectively. These
reservoirs are recreational reserve to general public in
Khon Kaen City. Physicochemical and bacteriological
pollutants and heavy metals were surveyed and reported
(17). Bueng Nong Khot was less polluted when compared
with the other three, classified as Water Quality Class
2-3. Bueng Kaen Nakhon failed in to Class 3, while
Bueng Thung Sang and Bueng See Than were Class 4.

Water samples from four reservoirs (Bueng
Kaen Nakhon, Bueng Thung Sang, Bueng Nong Khot,
and Bueng See Than) were collected seasonally, viz.
summer, monsoon, and winter, between Jan-Dec 2011,
using a 10 wm mesh phytoplankton net. These samples
were collected at the deepest point of the reservoirs and
made up of three individual sub-samples taken from
the surface to 1 and 2 m depth. The water samples were
filtered from 10 litre water samples to give about 100 ml.
Subsamples were preserved with Lugol’s solution for
morphological identification and the reminder frozen
(-20 °C) for MCs analysis.

2.2 Light microscopy and morphological
descriptions

Light microscopy was performed on the
Lugol’s preserved samples from all reservoirs using
a Motic BA300 compound microscope with a digital
camera. Motic Image Plus 2.0 software was used for
image analyses. The morphological identification of
toxic cyanobacteria was done according to Komarek and
Anagnostidis (18). The cell numbers of the dominant
genera of toxic cyanobacteria were count from Lugol
fixed samples using a haemacytometer under the light
microscope. Cyanobacterial biovolumes were calculated
from cell numbers and cell size measurements.

2.3 Isolation and purification of Microcystis sp.

Microcystis sp. was isolated and purified

according to the micropipette-washing method (19), and
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all were cultured in solid MLA (20). All cultures were
maintained at room temperature under light intensity
of 20 wmol photons m™s™ with a 12/12 h light/dark
cycle. Two successfully isolated strains were used for
genetic analysis.

2.4 Isolation of DNA

Colonies of Microcystis sp. were used as
inoculums for cultivation in 250 mL flasks containing
MLA broth. The cultures were maintained with the
conditions previously described. Cell cultures were
harvested at the late exponential phase (7 days after
inoculation, approx.) for isolation of DNA.

Genomic DNA from Microcystis isolates were
extracted by a standard CTAB genomic DNA isolation
method according to Doyle and Doyle (21).

2.5 DNA amplification and sequencing

PCR amplification of the 16S rRNA gene
was performed in 10 puL reaction volume containing
20 ng of genomic DNA, 0.5 uM of each primer (27F1
5'AGAGTTTGATCCTGGCTCAG3' and 1494Rc
5'TACGGCTACCTTGTTAC GAC3'; Invitrogen,
Singapore), 1x GoTaq" Green Master Mix (Promega,
USA), and 1 mM MgCl2 (Promega, USA). Thermal
cycling was carried out in a PTC-200 Peltier Thermal
Cycler (MJ Research Inc., USA). The initial denaturation
step at 94 °C for 2 min was followed by 30 cycles of
DNA denaturation at 94 °C for 10 s, primer annealing
at 55 °C for 20 s, strand extension at 72 °C for 1 min,
and a final extension step at 72 °C for 7 min.

Sequencing of the partial 16S rRNA genes
was performed using the primer pair 27F1/1494Rc.
Automated DNA sequencing was performed using
the MegaBACE 1000 sequencing system (Amersham
Biosciences, USA). Sequence data were analyzed
using the Cimarron 3.12 software. The sequences were
compared in a multiple alignment using the ClustalW2
version 2.1 software. Reference strain data were obtained

via BLAST searches with BLASTN sequence on NCBI

GenBank (www.ncbi.nlm.nih.gov/blast).

A phylogenetic tree was constructed using the
Neighbor-Joining algorithm (NJ) with 1000 bootstrap
replicates (MEGA 5.05 software) (22).

2.6 MCs analysis

Frozen subsamples of water from four
reservoirs were analyzed by a Microcystins-Adda ELISA
kit (Abraxis, USA) for quantification of MCs, according

to the manufacturer’s protocol.

3. Results and discussion

3.1 Bloom forming cyanobacteria in
recreational water reservoirs

Toxic cyanobacteria dominated the
phytoplankton community in all recreational reservoirs.
Microcystis sp. and Cylindrospermopsis sp. were the
main cyanobacteria found in water samples. Other toxic
cyanobacteria present included Pseudanabaena sp. and
Oscillatoria sp. No Microcystis sp. was observed in
Bueng Kaen Nakhon and Bueng Thung Sang (Fig. 1a
and 1b). Cell densities of Microcystis sp. and other
cyanobacteria varied between sampling sites and seasons.
The total cyanobacterial biovolumes were generally
higher in summer than in other (Fig. 1). Microcystis
biovolume attended a maximum of 447x10° mm’ m>
in the water sample collected from Bueng Nong Khot
in summer. This result corresponds to the studies of
Prommana et al. (16) and Xu et al. (23). They reported
that Microcystis sp. was frequently found in summer, and
its amounts found during summer were higher than in
other seasons. Water temperature is an important factor
determining cyanobacterial biomass in water bodies.
Robarts and Zohary (24) reviewed that photosynthetic
capacity, specific respiration rate, and growth rate
of bloom-forming cyanobacteria are temperature-

dependent with optimum usually at 25 °C or greater.



These temperatures are not suitable for growth of green
algae and diatoms since their optimum temperature are
lower than those of cyanobacteria. This could explain
why most Microcystis sp. and other cyanobacteria bloom
during summer.

In recent years the toxic phytoplankton bloom,

Cylindrospermopsis sp., has replaced Microcystis sp.
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(14, 25). We also found that Cylindrospermopsis sp. was
the dominant cyanobacteria in three of four reservoirs
(Bueng Kaen Nakhon, Bueng Thung Sang, and Bueng
See Than). The dominances of Microcystis sp. and
Cylindrospermopsis sp. agree with their occurrence as
the most common bloom-forming cyanobacteria in water

reservoirs worldwide including Thailand (14-16, 26-27).
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Figure 1. Biovolume of toxic cyanabacteria detected from four recreational water reservoirs

(a): Bueng Kaen Nakhon; (b): Bueng Thung Sang; (c): Bueng Nong Khot; and (d) Bueng See Than
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3.2 MCs analysis

MCs concentrations of water samples were
analyzed by ELISA method. The highest concentrations
of'total dissolved MCs were found in the water samples
collected from Bueng Nong Khot in summer, monsoon,
and winter with 1.091, 1.209, and 1.235 pg L™,
respectively (Fig. 2). This study found a trend of negative
correlation between cell densities of Microcystis sp.
and total MCs dissolved in water. The concentration of
total MCs in water was high when the cell density of
Microcystis sp. was low. Prommana et al. (16) reported
that most (>80%) of MCs are intracellular in healthy
growing cells, and that the release of toxins to surrounding
water occurs during cell senescence, death, and lysis.

This could explain why the peak of MCs concentration

14 -

Total microcystins (ug.L 1)

Summer Monsoon

tended to occur later than the peak of Microcystis sp.
biomass.

According to the ELISA assay, MCs was found
in all water reservoirs, even though Microcystis sp. was
not detected (Bueng Kaen Nakhon and Bueng Thung
Sang), or was not the dominant genus (Bueng See Than).
It is possible that other genera of cyanobateria could be
sources of MCs. Several bloom-forming cyanobateria are
reported to produce MCs e.g. Anabaena sp., Nostoc sp.,
Oscillatoria sp. (Planktothrix sp.), Pseudanabaena sp.,
Scytonema sp., and Synechocystis sp. (9, 28-29). This
indicates that Oscillatoria sp. and Pseudanabaena sp.
found in these reservoirs tend to be the potential MCs

producing genera.

Winter

Figure 2. Total dissolved MCs in the water samples collected from four recreational water reservoirs

BKN: Bueng Kaen Nakhon; BTS: Bueng Thung Sang; BNK: Bueng Nong Khot; and BST: Bueng

See Than

3.3 Genetic analysis

Partial 16S rRNA genes from two isolates of
Microcystis sp. were PCR amplified and sequenced. The
sequences were aligned using the ClustalW2 version
2.1 software. All sequences were subjected to BLAST
searches to identify other highly homologous sequences
(30). The partial sequence of 16S rRNA genes of
Microcystis sp. isolate NK 1 matched with 96% sequence
homology to M. aeruginosa 2LT27S08 (GenBank

FM177497), and isolate NK3 matched with 97%
sequence homology to M. aeruginosa FC-070 (GenBank
DQ887510).

The phylogenetic tree was constructed using
16S rRNA sequences from a variety of Chroococcales
and Nostocales. The tree revealed that both isolates
(NK1 and NK3) were grouped into M. aeruginosa
cluster (Fig. 3).
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Figure 3. Phylogenetic tree of Microcystis aeruginosa isolates NK1 and NK3, and related taxa, obtained by

neighbor-joining analysis of the 16S rRNA. Percentage bootstrap values of 1,000 replicates are given

at each node. The scale bar denoted branch lengths. NCBI accession numbers are indicated after the

species nomenclature.

4. Conclusion

The results of this study clearly demonstrate
that MCs were detected from all four recreational
water reservoirs. The highest MCs content and also
Microcystis sp. biovolume were found in Bueng
Nong Khot, with negative correlation. Based on the
morphological characteristics and 16S rRNA analysis, the
dominant bloom-forming species in Bueng Nong Khot
was identified as M. aeruginosa. However, the potentially
toxic tropical cyanobacterium, Cylindrospermopsis sp.
was found as the dominant cyanobacteria in Bueng
Kaen Nakhon, Bueng Thung Sang, and Bueng See Than.
This finding suggests that many cyanobacteria which
are growing in water reservoirs may constitute a source
of cyanotoxins. To prevent intoxications continuous
monitoring of these reservoirs is strongly recommended.
This has to be taken into account because human health

and animal hazards may be involved.
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