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Abstract

Raphidiopsis raciborskii is a globally distributed bloom-forming cyanobacterium and produces toxin
cylindrospermopsin (CYN), which results in public and environmental health consequences. piece of
evidence To understand their blooming dynamics and to identify the environmental factors that determine
their success in the tropical reservoir, a monthly monitoring program was conducted from May 2019
to April 2020. Variations in phytoplankton communities, environmental parameters (temperature, pH,
dissolved oxygen, turbidity, dissolved inorganic nutrients) and CYN were simultaneously determined
from a total of 36 samples in the Ea Nhai reservoir in Vietnam. The phytoplankton is composed of
a dominant cyanobacteria community formed mainly by filamentous R. raciborskii with the biovolume
of up to 66.8 mm?® L. PCA and Pearson correlation results showed the biovolume and variation of
R. raciborskii in the Ea Nhai reservoir were mainly related to temperature and nutrients (N-NH,, P-PO,,
TP, TN). Analysis of the toxins by ELISA demonstrated the presence of CYN in all water samples with
an average value of 1.24 pg L' and it was significantly correlated with the biovolume of the invasive
species R. raciborskii. The results of the HPLC analysis confirmed the production of CYN in nine
isolated Raphidiopsis strains with concentrations ranging from 0.054 to 0.584 pg g'DW. The relatively
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high biovolume of R. raciborskii that is associated with the level of CYN in the water and the capacity

to produce CYN of the isolated R. raciborskii strains represent a potential threat to the public health and

the life of domestic and wild animals in the reservoir catchment.

Keywords: Raphidiopsis raciborskii, cylindrospermopsin, tropical reservoir, Dak Lak province

Introduction

Harmful algal blooms (HABs) occur around the
world, causing significant damage in aquatic ecosystems
and contributing to the loss of biodiversity globally
[1-3].  Cyanobacterial ~ harmful  algal  blooms
(CyanoHABs) are particularly problematic due to
their ability to reduce water quality, disrupt nutrient
cycling and produce toxic secondary metabolites
(cyanotoxins) that are released into the aquatic
environment [4, 5]. Raphidiopsis raciborskii (formerly
known as Cylindrospermopsis raciborskii) is a
harmful, planktonic cyanobacterium. R. raciborskii was
originally described in Java, Indonesia and is considered
a typical tropical species. Currently, this species is
increasingly reported in the tropics, subtropics and
temperate lakes and reservoirs worldwide [2, 6-8].
The invasion of R. raciborskii has been hypothesized
from the tropical zone to the northern latitudes based
on morphology, toxicity, and phylogeography studies
[9]. The successful invasion of the temperate zone
may be due to its phenotypic flexibility, nitrogen
fixation capacity and persistence of different ecotypes
[3]. Global warming and eutrophication have also
been shown to influence the spread of R. raciborskii
in temperate regions [S]. R. raciborskii can also
produce  several  different toxins, such as
cylindrospermopsin  (CYN), saxitoxin (STX) and
anatoxin-a. These toxins have chronic health effects
and are associated with the fatal poisonings of many
animals and humans [4].

Cylindrospermopsin (CYN) is one toxin produced
by R. raciborskii. It is an alkaloid (C ;H,N,O.S; 415.43
Da) with tricyclic guanidine radical, one sulfate group
and one uracil ring [10]. At present, five analogues of
CYN are known [1]. The impact of this compound’s
biological activity is wide. CYN can negatively
affect organs, such as the liver, eyes, kidneys, lung,
heart, thymus, spleen, adrenal glands, and intestine.
Moreover, it is toxic to cells, genes, the immune system,
the nervous system, and the endocrine system. The
major toxicity mechanism is implemented by inhibiting
protein  synthesis, interacting with cytochrome
P450 (CYP450), causing oxidative stress and DNA
strand breakage, linking estrogen receptors, and
influencing acetylcholinesterase activity (AChE) [11,
12]. Unlike microcystins (MC) which are susceptible
to photodegradation, most CYNs have high chemical
stability, a high release capacity into the water, and
a slow rate of decomposition due to their influence
on abiotic factors in nature [13]. Therefore, it creates
potential risks in using and managing water resources.

In addition, the lack of visual monitoring signs i.c.,
no surface scums, no change of water color, rapid
germination with large numbers of cells, metamorphosis,
relative toxicity and the year-round existence makes the
species more challenging to manage, with managers
reliant on chemical and microscopic analyses which
require significant time and money.

Toxic cyanobacterial blooms occur consistently
and at a higher frequency in Vietnam’s inland and
coastal eutrophic waters. Previous studies have shown
that bloom-forming mainly by genus Microcystis
and variants of MCs in bloom and cultural samples
have been reported in lakes and reservoirs [14, 15].
R. raciborskii blooms have also been found in some
water-bodies in Vietnam [16, 17]. However, studies
of this species and its toxins in Vietnam are limited.
The Ea Nhai reservoir in the Dak Lak province of
Vietnam is located in the central highland region.
It was built in 1986-1988 to provide drinking water
supplies and agricultural irrigation for aquaculture
and public usage for Dak Lak province and the
surrounding areas. The phenomena of yellow
discoloration, odor and streaks suspended under surface
water have frequently been observed in the Ea Nhai
reservoir during the dry season. However, no data on
cyanotoxins exists for this system. The present study
therefore aimed to determine the seasonal fluctuations
in Raphidiopsis raciborskii biovolume from May
2019 to April 2020 at three sampling sites in the Ea
Nhai reservoir. In addition, the correlation between
the abundance of cyanobacteria, toxin concentrations
(CYN) and environmental factors in the reservoir was
examined.

Methodology
Study Site

The Ea Nhai Reservoir (12°44°41”; 108°11°53”)
located in Dak Lak province, Vietnam has a surface
area of 250 ha and an effective water storage capacity of
15 million m? (Fig. 1). The average depth of the reservoir
is 6 m, with the deepest site at full supply capacity
being 17 m. The catchment area of the reservoir is
165 km? The average annual air temperature in the area
is 26°C with minimum and maximum air temperature
values that are between 21°C and 33°C. The climate of
the basin has the characteristics of both a humid tropical
climate as well as the hot, dry southwest monsoon,
which divides this area into two distinct seasons: the dry
season from November to April; the rainy season from
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Fig. 1. Sampling location in the Ea Nhai reservoir, Dak Lak province.

May to October with a cool and humid climate (90%
of annual rainfall). The main uses of the reservoir are
as a public water supply and as agricultural irrigation
for Dak Lak province and the surrounding areas.
Agriculture (mainly coffee and rice crops) is what the
land is predominantly used for in the basin.

Sample Collection and Analysis

Field sampling in the Ea Nhai reservoir was
conducted monthly at three sampling sites (ENI,
EN2 and EN3) from May 2019 to April 2020. Using
a calibrated multi-parameter probe, environmental
variables (water temperature, pH, dissolved oxygen
(DO) and turbidity) were measured in situ. Water
samples for nutrient analyses (P-PO,, N-NH,, N-NO,,
TP and TN) were collected by immersion of the
laboratory cleaned polypropylene sample bottles below
the surface water. Samples were kept cool in the dark
at 4°C before they were immediately transferred to the
laboratory for further analyses. Chemical analyses were
conducted according to International Standards (ISO).
Water samples were analyzed within 24 h at the Institute
of Biotechnology, Tay Nguyen University. Samples for
qualitative phytoplankton examination were collected
using plankton net (20 um mesh size) and immediately
fixed with formaldehyde solution at a 4% (v/v) final
concentration. For phytoplankton enumeration, samples
were collected with a plastic tube, 2 m long and 10 cm
in diameter. Then, the water samples (0-2 m in depth)
were mixed in a bucket and 100 mL sub-samples
were transferred to glass bottles, fixed with the Lugol’s

iodine solution, and then sedimented for 48 h before
counting.

Phytoplankton cell density was counted using
a Sedgewick-Rafter counting chamber under a light
microscope (Olympus BX51) [18]. The cell biovolume
was estimated by measuaring geometric shape and/
or size to each taxon from representative cell counts
in field samples [19]. Cyanobacteria species were
identified according to their morphology using light
microscopic observation. Cyanobacteria species were
identified according to their morphology-based on
standard references [20]. At each sampling site, a live
sample (sample without fixing with formaldehyde
solution) was also collected for cyanobacteria isolation.
Samples were kept cool and delivered to the laboratory
within five h after sampling. For isolation, samples were
then concentrated by centrifugation and/or filtering
through nylon mesh. Isolation of Raphidiopsis species
from living phytoplankton samples was carried out
by selectively picking out filamentous Raphidiopsis
forms using a modified and sterilized Pasteur pipette
under an inverted microscope (Olympus CK40). Single
filamentous cyanobacteria were rinsed in several drops
of sterilized Z8 media [21] to remove the contaminating
cells or suspended particles. The isolated strains were
cultured at 24+4°C, dark/light cycle 12 pm:12 am at an
intensity of 2.000-3.000 lux. The biomass of cultured
strains was harvested at the end of the exponential
growth phase by centrifugation for 10 min at 6000 rpm
at room temperature. The concentrated material was
lyophilized by freeze-drying under vacuum at -55°C for
24 h, then stored at -20°C before toxins analysis. 1.5 mL
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field and culture medium water samples were taken for
toxin analysis. Samples were stored in Eppendorf tubes
and frozen at -18°C until analysis.

Cylindrospermopsin Analysis

Enzyme-Linked Immunoabsorbent Assay
(ELISA) Analysis

Cylindrospermopsin  (CYN) concentrations in
water samples from the Ea Nhai reservoir were
examined by the ELISA method using an Abraxis
Cylindrospermopsin  ELISA kit (Microtiter Plate)
(Abraxis, USA). The optical density of the sample
was measured at 450 nm on an automatic ELISA
reader system (CODA, Bio-Rad, USA) and the
concentration of cylindrospermopsin (ug L) in the
samples was determined against the standard curve of
cylindrospermopsin-HRP. If the cylindrospermopsin
concentration in the samples was higher than a standard
substance (2 ug L), the samples were diluted until
within the range of the standard curve.

HPLC Analysis

The freeze-dried samples from culturing were
extracted in 2.5 mL methanol (MeOH - 99.9%)
containing 0.1% trifluoroacetic acid (TFA) in an
ultrasonic bath for 15 min. The sample then underwent
a probe ultrasonication in ice for one min. Extracts
were filtered through C,  column; and the column was
cleaned with methanol. After filtration, the filtrate was
evaporated at a low temperature (30°C) for five min.
After evaporation, the residue was re-suspended in
250 pL of water and purified by centrifugation prior
to HPLC analysis [17]. The HPLC system Thermo
consisted of an UltiMate 3000 autosampler, and an
UltiMate 3000 Variable Wavelength Detector (VWD);
column BDS Hypersil C, (250x4.6 mm, 5.0 pm),
mobile phase: MeOH (A) 30 - water containing 10 mM
ammonium acetate (B) 70% (v/v) (30:70), flow rate:
0.8 mL min"; sample volume: 10 pL; column chamber
temperature: 30°C; analysis time was seven minutes.
The samples were injected into the mobile phase just
before the column. In the column, the components were
separated and the detector measured the absorbance
peak at 262 nm. Cylindrospermopsin was identified by
absorption spectra and retention time and quantified at
262 nm using CRM-CYN as an external standard.

Data Analysis

Pearson correlation matrix analyses were performed
to quantitatively examine the correlations between
the relative biovolume of Raphidiopsis species,
cylindrospermopsin concentrations and environmental
factors (pH, DO, temperature, turbidity, N-NO,, N-NH,,
P-PO,, TN and TP). One-way ANOVA was applied
to check the significant difference at p<0.05.

The IBM-SPSS Statistics Version 22.0 software was
used to analyze the results at a 5% significance level.

Results and Discussion
Physical and Chemical Characteristics

The physico-chemical characteristics of the Ea Nhai
reservoir from May 2019 to April 2020 are presented
in Table 1. Water temperatures ranged from 25.5°C
to 32.0°C with an average value of 29.0°C during the
investigation period. The pH values varied between
a minimum of 7.1 to a maximum of 8.3 and did not
differ significantly over the year. The DO ranged from
4.1 to 8.0 mg L' and higher values were measured in
the dry season than the rainy season. Higher values of
turbidity were recorded during the rainy period (May to
October). Mean concentrations of ammonium and nitrate
across the study were 0.23+£0.05 and 0.21+0.08 mg L,
respectively.

Lower ammonium concentrations were found
during the rainy period compared to the dry season.
While there were no clear seasonal variations in
nitrate concentrations. Dissolved orthophosphate-P
concentration varied from 0.06 to 0.1 mg L.

The Ea Nhai reservoir was characterized by
relatively high concentrations of TN and TP, with mean
TP concentrations ranging from 0.16 to 0.4 mg L' and
mean TN concentrations ranging from 1.4 to 3.67 mg L.
Monthly TN:TP ratios ranged from 13.9 to 35, with
a mean value of the study of 22.3. Agricultural activities
and intensive fish cage aquaculture seem to be the main
sources of nutrient enrichment in the Ea Nhai reservoir.
According to the trophic classification proposed by
the Organization for Economic Cooperation and
Development criteria (OECD, 1982), the water quality
of the Ea Nhai reservoir was classified to be eutrophic
(based on TP values).

Phytoplankton Community and R. raciborskii
Species in the Ea Nhai Reservoir

This study has provided fundamental information on
the spatial and temporal distribution of cyanobacteria
community in the poorly researched Ea Nhai
reservoir. The microscopic examination of a total of
36 phytoplankton samples collected from the Ea Nhai
reservoir from three sampling sites during the period
of May 2019 to April 2020 showed the dominance of
cyanobacteria during the study period. During the study,
39 taxa of phytoplankton were identified distributed
in six groups: Cyanobacteria, Chlorophyceae,
Bacillariophyceae,  Euglenophyceae, = Dinophyceae
and Chrysophyceae. Throughout the study period,
cyanobacteria were the most dominant contributor to
the phytoplankton community accounting for more than
96% of the total phytoplankton and cyanobacteria cell
density varied from 380 x 10° to 5009 x10° cells L-!
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Fig. 2. Changes in occurrence of five most common
cyanobacterial biovolume in the Ea Nhai reservoir from May
2019 to April 2020.

with the lowest density occurring in the rainy season
period (May to July 2019) and higher cyanobacteria cells
observed in the dry season from January to April 2020.
Other groups such as Chlorophyceae, Bacillariophyceae,

Euglenophyceae, Dinophyceac and Chrysophyceae
were represented but in much lower cell densities.
A total of 19 cyanobacteria taxa belonging to the orders
of Nostocales, Oscillatoriales, and Chroococcales were
recorded, including the known potential cyanotoxin
producers, Microcystis aeruginosa (Kutzing) Kutzing,
M. wesenbergii (Komarek) Komarek in Kondrateva,
M. botrys Teiling; M. flos-aquae (Wittrock) Kirchner,
M. panniformis Komarek, Komarkova-Legnerova,
Sant’Anna, M.T.P.Azevedo & P.A.C.Senna, Oscillatoria
limosa C.Agardh ex Gomont, Pseudanabaena mucicola
(Naumann et Huber-Pestalozzi) Schwabe; R. Raciborskii
(Woloszynska)  Aguilera, Berrendero  Gomez,
Kastovsky, Echenique & Salerno; R. mediterranea
Skuja and R. curvata Fritsch et. Rich. Among the
cyanobacteria, R. raciborskii consistently dominated
the cyanobacterial community throughout the sampling
period, accounting for 97.82% of the total cyanobacterial
biovolume. Whereas R. curvata, R. mediterranea,
Merismopedia tenuissima Lemmermann, and Lyngbya
sp. accounted for a significantly lower proportion with
0.08%, 0.05%, 0.02% and 2.08%, respectively (Fig. 2).
Trichomes of the R. raciborskii from the Ea Nhai
reservoir are free-floating, slightly curved and tightened
at the cell wall, tapering toward the ends of trichomes
with rounded conical cells (Fig. 3). Vegetative cells

Fig. 3. The morphology of Raphidiopsis raciborskii in the Ea Nhai reservoir: a-d. Filaments with heterocytes and akinetes in nature; e-i.
Filament with heterocytes and akinetes in cultures. Scale bars = 10 pm.



Author Copy * Author Copy ¢ Author Copy ¢ Author Copy ¢ Author Copy ¢ Author Copy * Author Copy * Author Copy * Author Copy

Population Dynamics of Raphidiopsis raciborskii...

are cylindrical, 4.5-10.1 pm long, 2.5-4.1 um wide and
single heterocytes, conical or arrow-shaped, 2.5-4.5 pm
wide, 3.2-9.2 um long in the field samples. Akinetes are
a long oval-shape, 8-12 um long, 3.5-4 um wide and
located just behind the heterocyte or 3-4 vegetative cells
from the heterocyte. In culture, vegetative cells are
6-12 um long, 3-4.5 um wide. Heterocytes morphology
changes a lot and appears endlessly at one or both ends
of the trichome, 7.5-12 um long, 4-5 um wide. Akinetes
are 10-20 pm long and 4.5-5.5 um wide. R. raciborskii
have been known in their morphology to exist in
many forms (straight, curved, coiled) in the natural
environment. All isolated strains from the Ea Nhai
reservoir were straight form in culture conditions with
the average length of trichomes longer than that in the
wild and will sometimes form into tufts. R. raciborskii
has become increasingly prevalent and appeared in
many tropical, subtropical and even in temperate water
bodies worldwide [3, 22] and is known to cause blooms
in Vietnamese freshwaters such as in Xuan Huong lake,
Dau Tieng, Tri An reservoirs and some water bodies
in Hue [16, 23]. R. raciborskii biovolume exhibited
distinct temporal variation with the lowest biovolume of
0.77 mm?® L and the highest value of 66.80 mm® L' in
June 2019 and January 2020, respectively. Although R.
raciborskii did not form a scum on the surface of the
water in the Ea Nhai reservoir, they were found in high
biovolume and had a year-round presence in this tropical
climate. R. raciborskii accounted for more than 97%
of the total cyanobacterial biovolume. Other studies
on R. raciborskii in tropical and subtropical regions
found similar results. In a study in New Zealand,
R. raciborskii blooms occurred in lakes Waahi, Waikare
and Whangape with varying intensities and frequencies.
In Lake Waahi blooms occurred in April 2007
(4.5 mm3 L), In lake Waikare, R. raciborskii has formed
dense summer blooms, with the most severe occurring
in February 2011 (12.5 mm® L") and March 2013
(7.4 mm?® L"), while R. raciborskii blooms were most
frequent and dense in Lake Whangap with biovolume
peaked at 144 mm® L' [24]. Based on a seasonal
survey in lakes in Yunnan Province, China, Jia et al.
(2021) [25] investigated R. raciborskii populations,
where R. raciborskii blooms were found in Lake
Xihu at low water temperatures between 10-15°C.
The biovolume of R. raciborskii in Lake Xihu ranged
from 0.01-42.44 mm? L' [25]. The persistent dominance
and occurrence of R. raciborskii throughout the
year in this study have also been reported in many
other previous studies [3, 5, 22]. However, in several
temperate regions where R. raciborskii only occurs in
warmer months [26, 27].

Concentrations of Cylindrospermopsin

Cylindrospermopsin  (CYN) concentrations in
water surface samples collected from the Ea Nhai
reservoir were analyzed using ELISA. The ELISA test
revealed CYN presence in all of the water samples
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Fig. 4. Seasonal variation of the Raphidiopsis raciborskii,
R. curvata and R. mediterrancea biovolumes and CYN
concentrations in the Ea Nhai reservoir during the study period
from May 2019-April 2020. Bar. Biovolume; line. CYN
concentrations.

throughout the year from May 2019 to April 2020
with a mean value of 1.24+0.08 ng L' (Fig. 4). Higher
CYN concentrations were found during the dry season
(November to April) than during the rainy season. Mean
concentrations of 1.24 ug L' measured in this study
were comparable to 0.11 to 1.12 pg L reported from
six lakes in Washington, USA [19] and 0-1.58 ug L™
which was referenced from Huong river, Vietnam [16].
However, this value was much lower than those reported
an urban reservoir used for drinking water supply,
south China (8.25 pg L7); a temperate lake, Germany
(11.8 pg L) [28, 29] and a farm water supply in central
Queensland (1050 pg L) [30]. The CYN detected
in this study was higher than the lifetime drinking
water guideline value for CYN of 0,7 pg L' that was
proposed by the World Health Organization [31]. CYN
is an alkaloid cyanotoxin by which may be produced
by some filamentous freshwater cyanobacteria species,
including R. raciborskii; R. curvata Fritsch et. Rich;

Table 2. Cylindrospermopsin (CYN) concentrations in nine
Raphidiopsis isolated strains from the Ea Nhai reservoir.

Species Strain codes CYN concentrations
(ng g' DW)
CENG 0.235
CENO 0.504
R. raciborskii

CEN7 0.054

CENI10 0.444

RCENO 0.267

R. curvata RCENI1 0.314
RCEN2 0.172

RMEN2 0.584

R. mediterranea

RMEN3 0.398
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R. mediterranea Skuja, Aphanizomenon ovalisporum
Forti; 4. flos-aquae Ralfs ex Bornet & Flahault,
A. gracile Lemmermann, A. klebahnii Elenkin ex
Pechar; Umezakia natans Watanabe; Anabaena bergii
Ostenfeld, A. planctonica Brunnthaler, A. lapponica
Borge, Lyngbya wollei (Farlow ex Gomont) Speziale and
Dyck; Dolichospermum sp. and Oscillatoria sp. Vaucher
ex Gomont [32, 33]. Of the potential CYN producers,
R. raciborskii, R. curvata and R. mediterranea which
were identified in the Ea Nhai reservoir, a significant
correlation was found between CYN and R. raciborski,
R. curvata and R. mediterranea species biovolumes
(p<0.01, Table 3). However, the biovolume of R. cuvarta
and R. mediterranea were very low, 0.08 mm? L' and
0.02 mm? L, respectevely. Therefore, the relatively
high biovolume of the invasive species R. raciborskii,
up to 66.8 mm? L', in the phytoplankton community of
the Ea Nhai reservoir could be the source of the CYN
detected in the water during the study period.

The WHO provided Guideline values for CYN in
lifetime drinking and recreational water are 0.7 pg L-!
and 6 ug L7, respectively [31]. To determine the level
of the risk associated with the CYN contamination
from three toxin-producing species (R. raciborskii,
R. cuvarta and R. mediterranea) in the Ea Nhai
reservoir, we calculated the average toxic concentration
in a cell from nine strains of the three species.
From there, we can estimate the harmful density of
the species in accordance with the limits set by WHO.
The average toxin concentration in a cell reached
1.87x10®* pg cell’. With the limit for drinking water
of 0.7 pg L, the harmful density of the three species
reached 37.4x10° cells L. For recreational water, the
toxic density was 320x10° cells L. Compared with the
above threshold, the R. raciborskii densities in the Ea
Nhai reservoir (377x10° cells L to 4.928x10° cells L)
were higher for both drinking water and recreational
water as suggested by WHO. Therefore, the presence
of R. raciborskii and CYN in the reservoir makes the
water source polluted and represents a potential threat
to public health, community, and wildlife species
around the reservoir catchment.

To confirm the identity of the potential producer of
CYN in the Ea Nhai reservoir, nine Raphidiopsis strains
belonging to three potential CYN producer species
were successfully isolated from water samples collected
from the Ea Nhai reservoir, including R. raciborskii
(4 strains), R. curvata (3 strains) and R. mediterranea
(2 strains). All Raphidiopsis strains investigated in the
present study produced CYN and toxin concentrations
that varied from 0.054 to 0.584 ug g' DW (Table 2).
The CYN concentrations of the nine strains with
positive results were estimated at the highest value of
0.584 nug g' DW, which was much lower than 1.

2 mg g' DW and 1.7-2 mg g' DW reported for Thai
(R. raciborskii CY-Thai) and China strains (R. curvata
CHABI150), respectively [34, 35] and 917 pg g' DW
noted for a Queensland strain (R. mediterranea FSS1-
150/1) [36].

The abiotic variables (CYN, Temp., DO, N-NH,,
P-PO,, TN and TP) were significantly correlated
with the R. raciborskii biovolume (R = 0.60, p<0.01;
R = 0.66, p<0.01; R = 0.60, p<0.01; R = 0.73, p<0.01;
R = 0.65, p<0.05, R = 0,84, p<0.01; R = 0.34, p<0.01,
respectively). Beside, R. curvata and R. mediterranea
biovolume also showed a significant correlation with
abiotic variables (CYN, Temp., DO, N-NH,, P-PO,, TN,
TP) (Table 3). Cyanobacterial proliferation is typically
caused by multiple drivers occurring simultaneously
instead of a single environmental factor. Field and
laboratory investigations have found that R. raciborskii
abundance may be affected by environmental factors
such as light, temperature and nutrients [3, 37]. In
our study, the temperature was positively correlated
with R. raciborskii biovolume. The result suggested
that the high water temperature may play a key role
in regulating the presence of R. raciborskii in Ea Nhai
reservoir. Similar results were found in previous studies
[38-40]. So far, R. raciborskii has successfully invaded
many regions from tropical and subtropical towards
temperate zones. Laboratory researches have shown
that the optimum temperature for the proliferation
of R. raciborskii is relatively high, between 25°C and
35°C. Typically, they formed blooms at temperatures
greater than 25°C [1, 25]. The temperature in the
studied reservoir ranged from 25.5°C to 32°C and R.
raciborskii blooms occur during the in-between seasons
and the dry season of the year. The biological volume
reached the highest value at the end of the dry season.
The species has also formed dense summer blooms in
Lake Waikare [24] and a shallow pond in France [38].
However, in the Xihu Lake, R. raciborskii blooms
were also found at low water temperatures between
10°C and 15°C [25]. Those were below the temperature
threshold (15°C-17°C) for the growth of R. raciborskii
in the natural environment [39]. Several studies have
shown that R. raciborskii was capable of growing at
low temperatures of 11°C in subtropical lakes [41],
13°C-20°C in tropical lakes [22]. The contrasting
results related to the effect of temperature on
R. raciborskii seem to be associated with the occurrence
of genetically and ecophysiologically different
ecotypes of R. raciborskii and its greater phenotypic
plasticity in response to environmental factors [1, 42].
Moreover, climate warming is considered an important
driver that enhances the expansion of the so-called
phenotypically plastic species to new areas. Nitrogen
(N) and phosphorus (P) have been shown to affect
the dominance of R. raciborskii in freshwater systems
[43]. Some studies suggested that R. raciborskii can
dominate in both low and high phosphorus and nitrogen
conditions. The abiotic variable that played an important
role and had a significant influence on the biovolume
of R. raciborskii in the present study were dissolved
and total phosphorus and nitrogen. This cyanobacteria
species have been found to dominate when the
concentration of total phosphorus and total nitrogen are
high [16, 42]. A recent study demonstrated that high pH
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facilitated the release of phosphorus from sediment that
provided the phosphorus source for the abundance of
R. raciborskii in Dongqian, China [2]. As mentioned by
Posselt et al. (2009) [44] addition of dissolved inorganic
phosphate (DIP) in field experiments conducted in a
subtropical reservoir in Queensland, Australia, has
also promoted R. raciborskii dominance. However,
the present study results are contrary to other studies
that reported R. raciborskii dominated in phosphorus-
limited reservoirs [45, 46]. This is due to their high
affinity for P and high phosphate uptake capacity, which
allows them to outcompete other cyanobacteria and
eukaryotic phytoplankton species [3, 46]. Ammonium
concentrations were positively correlated with R.
raciborskii biovolume in the present study. Ammonium
concentrations were considered the preferred nitrogen
source for the growth of R. raciborskii. The highest
growth rate of this species was found in the presence
of ammonium. Similarly, as mentioned by, high
ammonium concentration (up to 700 mg L) was the
main factor that boosted the bloom of R. raciborskii in
two Brazilian reservoirs [5]. However, the dominance
of a heterocyclic species such as R. raciborskii can be
found under low nitrate concentration [38]. Although
R. raciborskii is able to fix atmospheric nitrogen,
this species can maintain high growth rates under
diazotrophic and non-diazotrophic conditions [47].
In addition, other studies have reported that the biomass
of R. raciborskii remains high in abundance under low
phosphorus (P) and nitrogen (N) concentrations [2, 5,
48]. The reason for such contradiction in nutritional
requirements for the same species may be due to
variation between strains (ecotypes) in populations.
Recent studies have demonstrated that R. raciborskii
strains isolated in the same lake can dramatically alter
their morphological, physiological and genetic properties
to enhance the potential of populations, to adapt quickly
to changing environmental conditions [1, 3, 48, 49].
Although the relationship between R. raciborskii and
different nutrients is complex, these studies showed that
R. raciborskii can proliferate over other phytoplankton
species in a wide range of nutrient concentration due to
their flexible physiological behavious including: high
phosphorus and ammonium uptake affinity; and a high
storage capacity for phosphorus [49]. More studies are
necessary to better understand the factors that promote
the dominance of this species in the Ea Nhai reservoir.

Conclusions

This study indicated that the eutrophic conditions
of the Ea Nhai reservoir in Vietnam were dominated
by the cyanobacterium species R. raciborskii with
the biovolumes up to 66.8 mm?® L. CYN was also
measured throughout the study period, representing a
risk for aquatic and human health. Nine Raphidiopsis
strains belonging to three potential CYN producer
species (R. raciborskii, R. curvata and R. mediterranea)

were successfully isolated and confirmed to produce
CYN. Moreover, such abiotic factors as temperature and
nutrients (N-NH,, P-PO,, TP, TN) played an essential
role in the occurrence and variation of R. raciborskii
abundance in the Ea Nhai reservoir.
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ABSTRACT

This study investigated the variation of the cyanobacterium Raphidiopsis raciborskii population under the
influence of physicochemical parameters from May 2019 to April 2020 in the Buon Phong reservoir. The correlations
between these parameters were explored by using Principal Component Analysis (PCA) and Pearson correlation
analysis. The cylindrospermopsin (CYN) toxin in isolated strains from the reservoir was confirmed by using High-
performance liquid chromatography (HPLC) analyses. R. raciborskii presented throughout the year in the reservoir
with a biovolume from 0.12 to 9.14 mm® L. Four R. raciborskii strains (CBP2, CBP3, CBP4, and CBP5) were
successfully isolated and confirmed to produce CYN by the HPLC results. The highest concentration in isolated
strains was 0.345 pg g”' DW in the CBP4 strain. The PCR results of genes responsible for CYN biosynthesis showed
that the PCR amplicons of cyrB and CyrC were amplified in two toxic strains (CBP2 and CBP3), while the amplicons
of both cyrB and cyrC were not observed in two remaining toxic strains. In addition, such abiotic factors as
temperature and nutrients played major roles in the abundance of R. raciborskii. Moreover, the biovolume of
R. raciborskii positively correlated with the CYN concentrations in the Buon Phong reservoir.

Keywords: toxic cyanobacteria, cylindrospermopsin, Buon Phong reservoir, Dak Lak province, Vietnam.

1. Introduction Eutrophication and global warming were
likely to increase the bloom frequency,
intensity and duration of the cyanobacterium
in many aquatic ecosystems globally (O’Neil
et al., 2012; Baxter et al., 2020). Blooms of R.

Raphidiopsis  raciborskii ~ (previously
Cylindrospermopsis  raciborskii) is a
freshwater, planktonic filamentous and

tentially i i teri hat h .
E:ein lakr}llogzlr\;asn;sosl}:itlio(}?c egim tfoimij; raciborskii have the potential to alter the

cyanobacterial  harmful  algal  blooms function of freshwater ecosystems and

(cyanoHABs) (Werner et al., 2020). contribute to water quality degradation
through the release of toxins (Willis et al.,
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produce CYN, other trains can build SXTs,
while many different strains do not make
either CYN or SXTs. So, the toxin
productions are strain-specific and
independent of geographical characteristics
(Antunes et al.,, 2015; Kokocinski et al.,
2017). This species has been recorded
worldwide under different environmental
conditions, such as freshwater, brackish water,
and various areas from tropical subtropical to
temperate regions (Bittencourt et al., 2014;
Burford et al., 2016; Wener et al., 2020). The
success and rapid expansion of R. raciborskii
in various climates are partly attributed to
intra-population strain variability, enhancing
the potential of populations to rapidly adapt to

changing environmental conditions
(phenotypic plasticity). In addition, the
existence of multiple ecotypes and

diazotrophic activities have promoted the
further spread of this species (Xiao et al.,
2017; Jiang et al., 2014).

CYN is a toxin produced by several
cyanobacterial species such as Raphidiopsis
raciborskii, Umezakia natans, Chrysosporum
ovalisporum,  Aphanizomenon  flos-aquae,
Aphanizomenon gracile, Raphidiopsis
curvata, Raphidiopsis mediterranea,
Anabaena bergii, Lyngbya wollei,
Phormidium ambiguum.... R. raciborskii was
first deemed a harmful bloom species after a
toxic bloom event in 1979 when 148 people
were hospitalized with symptoms of food
poisoning, including vomiting and tender
hepatomegaly, after consumption of water
from the local reservoir (Byth, 1980; Hawkins
et al., 1985). CYN is an alkaloid
(C15H21N507S; 415,43 Da) with a tI'iC}’CliC
guanidine, a sulfate group and a cyclic ring.
CYN is toxic to cells, genes, immune system,
nervous system and endocrine system. Its
mechanism of toxicity is mainly by inhibiting
protein synthesis, interacting with cytochrome
P450 (CYP450), causing oxidative stress and
DNA strand breaks, linking to estrogen
receptors and affecting acetylcholinesterase
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(AchE) functioning (Puerto et al., 2018; Yang
et al., 2020). Unlike microcystin (MC) toxin,
most CYN toxin is released into the external
aquatic environment, is strongly soluble in
water, stable to sunlight, heat and exists over a
wide pH range (Stefanova et al., 2020). In
addition, the CYN decomposition rate in the
natural environment is prolonged, thereby
causing many potential risks and difficulties
in the use and management of water
resources. The complete cyr gene cluster
responsible for CYN toxin biosynthesis was
first proposed by Mihali et al. (2008). This cyr
gene cluster spans 43 kb and contains 15 open
reading frames encoding all the enzymes
required for biosynthesis (cyr4-J and cyrN),
regulation (cyrL, cyrM and cyrO), and
secretion (cyrK) of CYN. Complete sequences
of cyr gene clusters from several toxic
cyanobacterial strains have been published to
date: R. raciborskii AWT205, CS-505, CS-
506, CHAB3438, CHAB358; Aphanizomenon
sp. 10E6 (GQ385961.1); Oscillatoria sp. PCC
6506; Raphidiopsis curvata CHABI1150,
CHABI14, HB1 and Raphidiopsis
mediterranea FSS1-150/1 (Sinha, 2015;
Pearson et al., 2016; Yang et al., 2020).
According to DWR figures from 2017,
Vietnam has a total of 6,648 reservoirs with a
total capacity of 12,000 million m® of water,
of which lakes are utilized for a variety of
purposes, including  hydropower and
providing drinking water for inhabitants,
tourist visitors, and other activities. It is also
imperative that these reservoirs' water quality
be properly managed and monitored at all
times (Pham et al., 2019). The Buon Phong an
artificial reservoir located in Dak Lak
province plays an important role in ensuring
water safety as it supplies water for domestic
use, irrigation, livestock and aquaculture. The
water changing color and having an
unpleasant odor is regularly observed during
the dry season. The reservoir requires an
effective biomonitoring program, but at
present little is known about phytoplankton
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diversity in this system. Although the R.
raciborskii was observed in several freshwater
bodies in the Dak Lak, no data on cyanotoxin
is available (Le et al., 2010). Therefore, this
study aims to investigate the influence of
environmental factors on biovolume R.
raciborskii and the CYN concentration in the
Buon Phong reservoir. In addition, the CYN
concentration and presence of CYN synthesis
genes in cultured strains of R. raciborskii are
also determined.

2. Materials and methods
2.1. Study site

In Dak Lak province, the study was
conducted at the Buon Phong reservoir
(12°92'01", 108°16'24"). The sampling site is
determined as shown in Fig. 1. The Buon
Phong is an artificial reservoir with 3.3
million m’. The catchment area of the

reservoir is 13 km®. The average depth of the
reservoir is 10 m, with the most profound site
at total supply capacity being 20m. The
climate of the basin is both characterized by a
humid tropical climate and a hot, and dry
southwest monsoon that divides this area into
two distinct seasons: the dry season from
November of the last year to April of the
following year; the rainy season from May to
October with cool and humid climate (90% of
the annual rainfall is in the cool and humid
climate zone). The primary use of the
reservoir is as a public water supply,
providing agricultural irrigation. Intensive
agriculture (mainly coffee and rice crops) is
the predominant land use in the catchment.
The reservoir receives pollutants from
domestic and agricultural wastewater in the
basin (Department of Agriculture and Rural
Development, Dak Lak).
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Figure 1. Sampling location in the Buon Phong reservoir, Dak Lak province
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2.2. Sample collection and analysis

Water and cyanobacteria samples were
collected monthly at 3 sampling sites BPI,
BP2 and BP3 in the Buon Phong reservoir
from May 2019 to April 2020. The
physicochemical factors (temperature, and
pH) were measured on the spot with a
PCSTestr 35 Multi-Parameter Pocket Tester,
Eutech brand (Singapore). Dissolved oxygen
(DO) was measured on the spot with a
portable oxygen meter (Hana HI9147).
Turbidity (NTU) was measured directly at the
field by a Lovibond - Germany meter. The
subsurface water was collected with cleaned
polypropylene bottles for analyzing nutritional
parameters (P-PO,, N-NH,4, N-NOs, TP, and
TN). Samples were kept in the dark at 4°C
before being transported to the laboratory for
analysis during the day. Chemical analyses
were conducted in accordance with the
International Standards (ISO) at the laboratory
of the Institute of Biotechnology, Tay Nguyen
University.

A plastic tube with a length of 2 m and a
diameter of 10 cm was used to gather
quantitative samples. After mixing the water
samples (0-2 m depth), 100 ml of the
subsample was taken into a glass bottle and
fixed with Lugol's iodine solution. Qualitative
samples were collected by using a 20-um
mesh plankton net and promptly preserved
with formaldehyde solution at a final
concentration of 4%.

Cyanobacteria cells counts were conducted
using light microscopes (Olympus BX51)
under 400x magnification. The number of
cyanobacteria filamentous was counted using
Sedgewick-Rafter counting chamber under a
light microscope (Olympus BX51) (Karlson et
al., 2010). Cyanobacterial biovolume was
calculated by multiplying the mean cell
volume of each taxon by the cell counts in the
sample (Chorus et al., 2021). Cyanobacteria
species  were identified wusing light
microscopes (Olympus BXS51) wusing a
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morphological comparison method based on
the standard references including Duong,
1996; Komarek and Anagnostidis, 1989;
Komarek et al., 1999).

To isolate cyanobacteria, live samples
(sample without formaldehyde fixation) were
collected at the sampling sites. A modified
single-cell isolation method was used to
separate filaments of R. raciborskii (Kotai,
1972). The isolated strains were grown at
24+4°C in a 12:12 hour dark/light cycle with
2,000-3,000 lux light intensity. Toxins of the
cultured strains were determined by obtaining
the biomass at the end of the exponential
growth phase by centrifugation for 10 minutes
at 6,000 rpm at room temperature. The pellets
were then freeze-dried at -55°C for 24 hours
and kept at -20°C before toxicity analysis
(Nguyen et al., 2017).

2.3. CYN determination by High-
performance liquid chromatography (HPLC)

The biomass samples of the lyophilized
strains were extracted in 2.5 mL of methanol
(MeOH-99.9%) containing 0.1% trifluoroacetic
acid (TFA) in an ultrasonic tank for 15
minutes. The samples were then sonicated on
ice for 1 minute. The extracted fluid was
filtered through chromatography column Cig
which was cleaned with methanol. After
filtration, the filtered fluid was evaporated at a
low temperature (30°C) for 5 minutes. The
remaining after evaporation was re-suspended
in 250 pL ml of deionized twice distilled water
and filtered by centrifugation (4,000 rpm for 30
min) before HPLC analysis (Meriluoto and
Codd, 2005; Nguyen et al., 2007). The HPLC
Thermo system consists of UltiMate 3000
autosampler and UltiMate 3000 variable
wavelength detector (VWD); BDS Hypersil
C18  column (250 x 46 mm,
5.0 um), mobile phase: MeOH (A) 30% - water
containing 10 mM of ammonium acetate (B)
70% (v/v), flow rate: 0.8 mL min™; sample
volume: 10 pL; column chamber temperature:
30°C; analysis time: 7 minutes; the samples
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were injected into the mobile phase in front of
the column. In the column, the components
were separated and the detector measured the
absorbance of CYN at 262 nm wavelength.
Cylindrospermopsin  was determined by
absorption spectra and retention times and
quantified at 262 nm wavelength using the
pure cylindrospermopsin standard (CRM-
CYN, PESTANAL®, Sigma-Aldrich Pte. Ltd.)
as an standard external substance.

2.4. Amplification of the genes involved in
cylindrospermopsin production

2.4.1. DNA extraction

Exponentially growing cultures (10 mL of
each) were centrifuged at 1500 rpm for 15
min at room temperature. The pellets were
transferred to 1.5 mL Eppendorf tubes and
frozen at -18°C until DNA extraction.
Extraction of total genomic DNA was carried
out according to the CTAB protocol of Doyle
and Doyle (1987) with some modifications.
The pellets were ground in preheated (65°C)
ImL 2x CTAB buffer and 10 pL -
mercaptoethanol and then incubated at 65°C
for 1Th. DNA was extracted with phenol -
chloroform - isopenthylethanol (25:24:1)
solution, then centrifuged at 13000 rpm at 4°C
for 10 min to collect the supernatant. The
supernatant was aspirated into a new
Eppendorf tube, added isopropanol in a 1:1
ratio, and placed in a deep refrigerator for one
hour. Then, centrifuge at 13,000 rpm at 4°C
for 15 min to collect the precipitated DNA.
The pellets were dissolved entirely by adding
1 volume of ethanol (70%). DNA was
collected by centrifuging at 13,000 rpm at 4°C
for 10 min, dried at room temperature, then
re-suspended in 20 uL of double-distilled
water at 37°C overnight.

2.4.2. Amplification of the genes

The cyrB and cyrC gene fragments
involved in the cylindrospermopsin (CYN)
biosynthesis were amplified by PCR using the
oligonucleotide primer pairs M4/MS5 and

M13/M14 (Schembri et al., 2001). Thermal
cycling conditions for PCR were 1 cycle at
94°C for 4 min, 30 cycles at 94°C for 10s, at
55°C for 20s, at 72°C for 1 min, and 1 cycle at
72°C for 7 min. DNA amplification reaction
was carried out in the thermal cycler (iCyler,
Bio-Rad). PCR products were examined by
agarose gel electrophoresis on 1.4% at 50 V in
1x TAE buffer and the electrophoresis image
analysis by a gel documentation system (Bio-
Rad).

2.5. Data analysis

Principal component analysis (PCA) and
Pearson correlation analysis were used to
evaluate the relationship of environmental
parameters (pH, DO, water temperature,
turbidity, N-NO;, N-NH,4, P-PO,4, TN and TP)
on the biomass of R. raciborskii and the CYN
concentration in the researched reservoir
(SPSS statistics (version 22)). Analysis of
variance (ANOVA) was used to test the
significant differences at p <0.05.

3. Results and discussions

3.1. Raphidiopsis raciborskii and its
biovolume in the Buon Phong reservoir

The trichomes of the R. raciborskii were
straight. Detailed morphological
characteristics of this species have been
described in the previous study (Ngo et al.,
2022) (Fig. 2). In Vietnam, R. racirskii occurs
in Xuan Huong Lake, Tri An reservoir and
some water bodies in Hue (Dao et al., 2010;
Nguyen et al., 2017). In the current study, R.
raciborskii occurred throughout the year in
the Buon Phong reservoir with its biovolume
varying considerably with the seasons, low in
the months of the rainy season and higher in
the months of the dry season. The biovolume
ranged from 0.12 to 9.14 mm’ L™ (Fig. 3)
Blooms of R. raciborskii occurred in the dry
months of the year when its biovolume ranged
from 1.56 to 9.14 mm’ L' and reached the

maximum biovolume at the end of the dry
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season, 9.14 mm’ L. Dense blooms of R.
raciborskii were also observed in shallow
ponds in northern Taiwan, when its
biovolume reached the highest value of
102.5 mm® L at the end of September 2009
(Yamamoto and Shiah, 2012, 2016). In a
study on the influence of environmental
factors on cyanobacterial blooms in 20
reservoirs in semi-arid regions in Brazil,
Barros et al. observed that R. raciborskii
prevailed and bloomed in 8 reservoirs with the
highest biovolume above 10 mm® L™ in the
BO reservoir in Ceard state (Barros et al.,
2019). CYN concentration in the Buon Phong
reservoir (0.04-0.72 pg L', Ngo et al., 2022)
was equivalent to that in the Jordan Lake,
North Carolina (0-0.83 pg L™, Wiltsie et al.,
2018), the Macau reservoir, Macau (0-1.3 ug
L', Zhang et al., 2014) and in the Huong
River, Vietnam (0-1.58 ug L™, Nguyen et al.,
2017), but still higher than those of the Harris
Chain Lake, Florida; the Nero Lake, Yaroslavl

and the Tai-Hu reservoir, Taiwan with toxic
contents were 0.05-02 pg L7 0.12-
0.36 ug L' and 0.14 pg L', respectively
(Williams et al., 2007; Babanazarova et al.,
2015; Marbun et al., 2012). However, CYN
concentration in our study was significantly
lower than those of the Saudi Arabia Gazan
Dam Lake (0.03-23.3 pg L', Mohamed and
Al-Shehri, 2013), the Saudi Arabia Gazan
Lake (4-173 pg L', Mohamed and Al-Shehri,
2013) and the water supply farm in central
Queensland (1050 pg L', Shaw et al., 2004).
The CYN concentration in our reservoir was
still within the permitted threshold for lifetime
drinking water guideline values by the World
Health Organization (WHO), 0.7 pg L’
(Chorus et al., 2021). Indeed, the presence of

the CYN in the reservoir shows the potential

risks in the future water source when it is used
for domestic
aquaculture.

livestock and

purposes,

Figure 2. The morphology of Raphidiopsis raciborskii in the Buon Phong reservoir: a-c. Filaments with
heterocytes in nature; d-h. Filament with heterocytes and akinetes in cultures. Scale bars = 10 pm
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Figure 3. Seasonal variation of the Raphidiopsis raciborskii biovolume and CYN concentrations in the
Buon Phong reservoir during the study period from May 2019 - April 2020

3.2. The ability to produce CYN toxin and

genes involved in CYN production in
cultured strains
In this study, four potential CYN-

producing strains of R. raciborskii (CBP2,
CBP3, CBP4 and CBPS5) were successfully
isolated from water samples taken from the
Buon Phong reservoir. These isolated strains
were cultured in Z8 medium and harvested in
the exponential growth stage. The results from
HPLC analysis of biomass extracts of the four
strains showed that all of them produced CYN
and toxic concentrations varied from 0.016 to
0.345 pg g' DW (Table 1). The highest
concentration was 0.345 ug g’ DW, which
was much lower than those of R. raciborskii
cyDB-1 strain in America (0.85 mg g, Jiang
2014; Jiang et al.,, 2014), R. raciborskii
CHAB3438 strain in China (2.6 mg g, Jiang
2014; Jiang et al., 2014) and R. raciborskii
QHSS/NR/Cyl/03 strain in Australia (6.73 mg
g' (LC/MS), Yilmaz et al., 2008). On the
other hand, previous studies have noted that
some R. raciborskii isolated strains in Europe
and Africa did not produce CYN toxin
(Berger et al.,, 2006; Piccini et al., 2013;

Rzymsk et al.,, 2018; Falfushynska et al.,
2018; Stefanova et al., 2020). Willis et al.
(2016) demonstrated significant differences in
each individual when studying the population
variation and toxicity of R. raciborskii in
Wivenhoe Lake, Australia. All strains isolated
in the small lake also showed differences in
growth rate, toxin content and trichome
morphology (Willis et al., 2016). A recent
study also showed that strain variability could
be just as significant as species differences in
determining the growth response to light and
temperature (Xiao et al., 2017). R. raciborskii
exists in many forms (straight, curved, coiled)
natural environments. Strains in the Buon
Phong reservoir all exist in straight form, with
the average length of trichomes in the culture
medium (from 97 um to several centimeters)
more extended than in the wild (100-250 pm)
and will sometimes form into tufts. Although
all strains could produce CYN, toxin content
in strains was different. The difference in
toxin content in the strains is probably due to
the number, sequence, and organization of
genes in the CYN toxin gene cluster between
different strains. This could lead to a change
in toxicity in these strains.
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Table 1. Cylindrospermopsin (CYN) concentrations
in cultured Raphidiopsis raciborskii isolated strains
from the Buon Phong reservoir

Species Strain codes CYN concentrations
ug g' DW
Raphidiopsis CBP2 0.029
raciborskii CBP3 0.016
CBP4 0.345
CBP5 0.019
Previous studies suggested that CYN

producing cyanobacterial species must have
homologs for cyrd, cyrB, and cyrC to produce
the toxin (Fergusson and Saint, 2003;
Rasmussen et al. 2008; Lorenzi et al. 2015).
The first three steps in CYN biosynthesis
involve the cyrd, cyrB and cyrC genes. CyrB
recognizes guanidinoacetate and catalyzes the
formation of the first N-containing
heterocycle. CyrC further catalyzes elongation
of the polyketide chain, resulting in a tricyclic
structure. cyrB (PKS) and cyrC (PS) genes as
markers to detect and control toxin-producing
R. raciborskii strains in water sources quickly
and accurately (Saint et al., 2007; Wiedner et
al., 2007; Nguyen et al., 2017). Our PCR
results showed that two (CBP2, CBP3) out of
four toxic strains were amplified both cyrB
and cyrC gene fragments. While the cyrB and
cyrC gene fragments were not observed in the
remaining two toxic strains (CBP4, CBPS).
The presence of both these gene fragments
was also observed in 8 toxic R. raciborskii
strains in water bodies in Hue (Nguyen et al.,
2017), 12 toxic R. raciborskii strains in
aquatic bodies in Thailand (Tawong et al.,
2019) or a toxic strain (R. raciborskii
QHSS/NR/Cyl/03) in Australia (Yilmaz et al.,
2008). The absence of toxin synthesis genes in
the toxic strains was also detected in the study
of Tawong et al. (2019). The study results
showed a lack of PCR products of the cyrd
gene in seven toxic R. raciborskii strains and
cyrC gene in one toxic R. raciborskii strain in
Thailand. The absence of the cyrB genes in
the toxic strain R. raciborskii Boczowskie
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also presented in some lakes in Poland
(Tawong et al., 2019). We think that the
absence of cyrB, cyrC gene fragments in toxic
strains was probably due mismatches in the
primer target sites (genetic variations that
occur on the CYN synthesis genes to each
strain). Besides, the cyr gene cluster consists
of 15 genes from cyrd to cyrO, each gene
performs a specific function in the process of
the biosynthesis of CYN. In which cyr4 gene
participates in the initiation of toxin synthesis
and cyrJ gene catalyzes the sulfation process
and completes CYN structure. In many
studies, cyrJ has been considered a suitable
genetic marker in identifying CYN-producing
cyanobacteria (Hoff-Risseti et al. 2013;
Kokocinski et al. 2012; Lorenzi et al., 2013;
Tawong et al., 2019). Therefore, we suggest
that further determination of cyrd, cyrJ gene
fragments in toxic strains will have more
accurate results.

3.3. Environmental factors affecting
biovolume of Raphidiopsis raciborskii and
CYN concentration in the Buon Phong
reservoir

3.3.1. Physical and chemical characteristics

The results of environmental
characteristics from May 2019 to April 2020
of the Buon Phong reservoir are shown in
Table 2. Water temperature varied seasonally
and higher values were recorded in the dry
season, ranging from 25.8°C to 32.2°C, while
the average temperature was 28.4°C. The pH
values ranged from 6.7 to 7.7 and did not
differ significantly during the studied period.
The higher values of DO were observed in the
dry season and its values varied between a
minimum of 3.8 to a maximum of 6.6 mg L.
The turbidity ranged from 15.1 to 33.0 NTU

and higher values were measured in the rainy
season than the dry season. The
concentrations of N-NH, did not have obvious
seasonal differences, which slightly changed
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from 0.1 to 0.26 mg L. The lowest value of
the concentrations of N-NO; was 0.09 mg L™,
while the highest value was 0.27 mg L' . The
soluble  orthophosphate-P ~ concentrations
varied from 0.05 to 0.09 mg L. The mean
concentrations of total nitrogen (TN) ranged
from 1.05 to 2.56 mg L™, higher than that of
total phosphorus (TP), ranging from 0.09 to
031 mg L' Based on the mean

concentrations of total phosphorus (TP), the
Buon Phong reservoir's water quality was
classified as eutrophic (OECD, 1982). This
was also the cases of the Nui Coc reservoir
and the Suoi Hai Lake where the TN and TP
of
eutrophic conditions (Duong et al., 2013;
Nguyen et al., 2021).

concentrations  were characteristic

Table 2. Environmental variables in the Buon Phong reservoir during the year 2019-2020 (average values

and min-max values)

Month Temp. DO Turbidity pH N-NH, N-NO; TN P-PO, TP
©0) (mg L) (NTU) (mg L (mg L (mg L (mg L (mgL™)
May-19 26.87 3.76 23.59 7.57 0.23 0.1 2.34 0.08 0.22
267-271) | (372-3.8) | (23.47-23.78) | (7.52-7.61) | (0.229-0.232) | (0.099-0.107) | (2.31-2.38) | (0.079-0.088) | (0.21-0.226)
Jun-19 26.83 4.67 21.37 6.71 0.19 0.09 2 0.07 0.19
(26.5-27) (4.6-4.74) (21.22-21.5) (6.65-6.77) | (0.182-0.193) | (0.088 - 0.091) | (1.98-2.03) | (0.064-0.068) | (0.174-0.189)
Jul-19 25.83 4.6 20.87 7.62 0.11 0.24 1.47 0.05 0.17
(25.5-26) (4.54-4.64) | (193-22.8) (7.52-7.7) 0.11-0.12) | ©.22-026) (1.4-1.56) | (0.045-0.053) | (0.163-0.182)
Aug-19 27.83 4.81 22.80 7.63 0.1 0.14 1.40 0.06 0.13
(27.5-28) (4.72-4.9) (21-24) (7.5-7.7) (0.084 - 0.112) | (0.141 -0.145) | (1.29-1.52) | (0.056 - 0.065) | (0.124 - 0.137)
Sep-19 27.33 4.57 33 7.43 0.14 0.27 1.12 0.06 0.31
(27-27.5) (4.44-4.76) (28.1-42.3) (7.3-7.58) (0.126-0.14) | (0.238-0.294) | (1.17-1.19) | (0.056-0.06) | (0.3-0.327)
Oct-19 26.67 5.25 327 6.75 3 . 1.33 X A
(26.5-27) (5.06 - 5.38) (28 -37.5) (6.71-6.8) (0.137-0.146) | (0.207-0.216) | (1.32-1.33) | (0.078-0.079) | (0.128 - 0.132)
Nov-19 27.83 5.73 20.5 6.81 0.1 0.19 1.33 0.09 0.13
(27.5-28) (5.66-5.8) (17-24.4) (6.79-6.83) | (0.095-0.106) | (0.187 - 0.193) (1.26 - 1.4) (0.09-0.094) | (0.123-0.127)
Dec-19 28.83 5.21 15.07 7.06 0.14 0.12 1.23 0.09 0.12
(28.5-29) (5.18 - 5.26) (12.6-17.5) (7.01-7.1) (0.135-0.148) | (0.117-0.12) (1.18-1.29) | (0.086 - 0.093) | (0.098 - 0.138)
Jan-20 32.17 5.63 23.24 6.97 0.13 0.17 1.32 0.07 0.13
(32.1-32.2) (5.52-5.72) (22.91-23.7) (6.92-7.01) (0.12-0.135) | (0.168-0.175) | (1.27-1.38) | (0.061-0.073) | (0.12-0.134)
Feb-20 30.9 6.62 21.36 6.66 0.14 0.17 1.35 0.06 0.09
(30.8-31) (6.54-6.7) (20.93 - 22.01) (6.61-6.7) | (0.137-0.141) | (0.158-0.177) | (1.23-1.42) | (0.052 - 0.064) | (0.087 - 0.096)
Mar-20 31.37 6.13 23.49 7.70 0.13 0.11 1.05 0.08 0.14
(31.2-31.5) (6.08 - 6.18) (23.38-23.7) (7.63-7.78) | (0.126-0.134) | (0.103-0.117) | (1.03-1.09) | (0.072-0.091) | (0.128 - 0.149)
Apr-20 27.93 5.6 22.8 7.46 . 0.1 2.56 0.09 0.25
(27.3-28.3) (5.42-5.89) (22.29-23.1) (74-7.5) (0.237-0.282) | (0.098-0.105) | (2.37-2.8) | (0.081 -0.089) | (0.231 - 0.264)

3.3.2. Influence of environmental factors on
the biovolume of R. raciborskii

To  determine the influence of
environmental factors on R. raciborskii
biovolume during the research period from
May 2019 to April 2020 at the Buon Phong
reservoir, we used PCA  (Principle
Correspondence  Analysis) and Pearson
analysis for evaluation. The results showed
that R. raciborskii biovolume was positively
correlated with the CYN concentration
(R=0.54, p<0.01). Abiotic variables such as
temperature, DO, N-NH4, P-PO, were also
correlated with the R. raciborskii biovolume
in the Buon Phong reservoir (R=0.45, p<0.01;
R=0.58, p<0.01; R=0.46, p<0.01; R=0.35,
p<0.05, respectively) (Fig. 4, Table 3). R

raciborskii is a common bloom species in
natural lakes, reservoirs and rivers from
tropical, subtropical to temperate regions
(Padisak et al., 1997; Burford et al., 2016,
2018; Fu et al., 2019). Numerous studies have
suggested that the abundance of R. raciborskii
could be influenced by environmental factors
such as light, temperature and nutrients
(Antunes et al., 2015; Burforf et al., 2016;
Pagni et al., 2020). The correlation between
temperature and R. raciborskii in the Buon
Phong reservoir showed that high temperature
stimulated the growth of R. raciborskii. A
significant correlation between R. raciborskii
and water temperature was also observed in
lakes in different climate zones and R.
raciborskii biomass reached its highest value
during periods of the warmest water
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temperatures (e.g., Briand et al, 2004;
Mehnert et al., 2010). Similar results were
observed when researching the population
variation in lakes from tropical, subtropical to
temperate regions indicating that R
raciborskii was strongly associated with
temperature and preferred high temperature
for its growth, but it also tolerated a wide
range of climates (Bonilla et al., 2012;
Recknagel et al., 2019). In this study,
although R. raciborskii was present all year
round, blooms occurred only in the months of
the dry season (1.56-9.14 mm® L) when the
temperature was high, ranging from 27.83-
32.17°C. Indeed, field and laboratory studies
have indicated that the preferred temperature
for blooming was above 25°C (Mehnert et al.,
2010; Kokocinski et al., 2017). However,

blooms of this species were also found in
lakes with low temperatures (Everson et al.,
2011; Bonilla et al., 2012; Soares et al., 2013;
Jia et al., 2021). Even, their blooms have been
observed in winter in lakes and dams in
Northern Taiwan, Lago Javier, Uruguay and
the Rio Grande do Sul when the temperatures
were at 16.3°C, 11.2°C and 11°C, respectively
(Fabre et al., 2010; Yamamoto et al., 2012;
Wener et al., 2020). Wener et al. (2020) found
that the blooms of R. raciborskii formed
yellow streaks on the surface at temperatures
between 12.6-15.5°C, still its biomass reached
its maximum value in late summer when the
temperature was high, at 26.6°C. The
tolerance to low temperatures may also be
important in creating favorable conditions for
this species to prevail in winter.
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Figure 4. Principal component analysis (PCA) based on biotic and abiotic factors during the period of
May 2019-April 2020 in the Buon Phong reservoir
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Table 3. Pearson correlation between relative abundance of species R. raciborskii and environmental
factors in Buon Phong reservoir from May 2019 to April 2020

Temp DO Turbidity pH N-NH4 N-NO; P-PO, TN TP R. raciborskii CYN Cyar;l(-)(l))t;iteria
[Temp 1
DO 0.717" 1
Turbidity 0.176 | -0.173 1
H 0.135 | -0.386" | 0.051 1
-NH, 0.188 [ -0.237 | 0.003 0.112 1
N-NO, 0227 | -0.053 | 0.4757 [ -0.049 | -0.546 1
P-PO, 0.066 0.108 -0.193 -0.059 0313 | -0.482" 1
TN 0.378" | -0.389" | -0.102 0.129 | 0.877 -0.508" | 0.190 1
TP 0.447" | -0.549" | 0.439" | 0.434" | 0.497 0.186 -0.093 | 0.429" 1
R. raciborskii 0.445" | 0.580 | -0.138 0.136_| 0.462 -0.412" | 0.347" 0.286 0.043 1
ICYN 0300 [ 04767 | -0.154 | 0.038 0.115 -0.047 | -0.140 0.081 0.056 0.538" 1
[Total Cyanobacteria 0.795" | 0.7657 | -0.195 0.056 0.057 [ -0.340" | 0.176 -0.175 -0.308 0.696" 0.377" 1
**_ Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).

In addition to temperature, the abundance
of these species is also correlated with other
environmental factors such as nutrients
(nitrogen (N) and phosphorus (P)) (Mohamed
et al.,, 2018). Abiotic variables affecting the
biovolume of R. raciborskii in this study were
dissolved nitrogen and phosphorus (N-NHy,
P-PO,). The positive correlation between R.
raciborskii and N-NH,4 and P-POy in our study
was also observed in previous studies
(Kokocinski et al., 2012; Nguyen et al., 2017;
Burford et al.,, 2016, 2018; Werner et al.,
2020). These studies suggested that N-NH,
and P-PO, were considered as the preferred
source of N, and P to stimulate the growth of
the R. raciborskii populations. The biomass of
this species is higher in lakes with high N-
NH,4, and P-PO, concentrations (Kokocinski et
al., 2012; Nguyen et al., 2017; Burford et al.,
2016, 2018; Werner et al., 2020). On the
contrary, a number of studies noted that R.
raciborskii can still prevail even under the
low N and P conditions (Burford et al., 2018
Recknagel et al., 2019; Galvanese et al., 2019;
Xiao et al., 2020; Werner et al., 2020; Li et
al., 2020). This is partly explained by the high
storage and the absorption capacity for N-
NH,, and P-POy of R. raciborskii (Burford et
al., 2006; Kenesi et al., 2009; Kokoscinski et
al., 2012). The intraspecific variation occurs
in the R. raciborskii strains within a
population or among the populations in
geographical areas that differ in N, P uptake

and storage capacity and dissolved organic
phosphorus (DOP), dissolved organic nitrogen
(DON) and utilization capacity have been
shown in recent studies (Bai et al., 2014,
Bolius et al., 2017; Willis et al., 2017; Burford
et al., 2020). Studies on isolated strains of R.
raciborskii in Australia showed higher P
uptake rates than other continents (Willis et
al., 2017). The biovolume of R. raciborskii in
the Buon Phong reservoir was negatively
correlated  with N-NO;  concentration
(R=-0.41, p<0.05). This observation has also
been reported in the studies in Dongquan city,
Egypt and western Poland) where shows that
the strong growth of R. raciborskii can still be
detected in reservoirs with low N-NOj
concentrations (Briand et al., 2002; Mohamed
et al., 2007; 2013; Kokocinski and Soininen,
2012; Lei et al., 2014). Indeed, studies have
indicated that R. raciborskii can utilize
nitrogen sources, including nitrogen-soluble
inorganic form (N-NH4, N-NOs) and organic
form (urea) with a clear preference for N-NH,4
based on both growth rate (Amaral et al.,
2014) and absorption rate (Burford et al.,
2016). Moreover, the Pearson analysis
showed that the biovolume of R. raciborskii
was positively correlated with the CYN
concentration, and the toxic concentration
increased when R. raciborskii biomass
increased. We identified CYN toxin in the
isolated strains of R. raciborskii in the Buon
Phong reservoir using the HPLC method,
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confirmed the correlation
between  biovolume and the CYN
concentration of R. raciborskii in the
reservoir. From that, the potential hazard of
the water sources with the presence of the
toxic R. raciborskii cyanobacterium and CYN
toxic should be noticed.

which further

4. Conclusions

R.  raciborskii  (straight)  occurred
throughout the year in the reservoir, but
bloomed only in the dry and warmer months.
Four strains of R. raciborskii that were able to
produce CYN have been successfully isolated.
Among them, CBP2 and CBP3 strains were
amplified by both c¢yrB and c¢yrC gene
fragments. Abiotic factors such as temperature
and nutrients play a key role in the presence
and predominance of R. raciborskii species in
the reservoir. In addition, the biovolume of R.
raciborskii was positively correlated with the
CYN concentration indicating that the cause
of CYN contamination in this waterbody was
the presence of R. raciborskii. Furthermore,
the presence of Microcystis spp. and
Anabaena sp. in the reservoir indicates that
the development of R. raciborskii was
regulated by environmental factors and can be
completed by the cyanobacterial species in the
water body.
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SU NO HOA CUA LOAI VI KHUAN LAM POC RAPHIDIOPSIS
RACIBORSKII TAI HO BUON PHONG, TINH PAK LAK
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Tom tit. Nghién cttu nay diéu tra thanh phan loai, ddc diém hinh thai, sw bién dong mat d6 t& bao cua
vi khuan lam (VKL) Raphidiopsis raciborskii va ham lwong doc t6 cylindrospermopsin trong h6 Budn
Phong. Ham lugng doc t8 duoc xac dinh béang phuong phap ELISA. Két qua cho thdy su c6 mat ctia 23
loai VKL phéan bd trong 10 chi, 5 ho va 3 bd (Chroococcales, Oscillatoriales, Noctoscales). Raphidiopsis
raciborskii ton tai dwdi dang soi théng, nd hoa quanh ndm vdéi s6 luong té€ bao 53,6 x 100-58,3 x 107 tb/L.
Ddc t6 cylindrospermopsin ton tai trong sudt 12 thang nghién ctru véi ham lwong 0,04-0,72 ug/L. Mdc
dt ham lugng doc t8 van nam dudi mizc d6 nguy hai (1 ug/L), nhung sw xuét hién doc t& trong nude hod
chita cho thdy rti ro tiém tang do day la ngudn nudc duoc st dung cho sinh hoat, chidn nudi va nudi
trong thuy san.

Tt khéa: phuc titanium peroxide, g-C3Ns, TiO2, TiO2/g-CaNs, xtt Iy nude thai

Blooming of harmful cyanobacterium Raphidiopsis raciborskii in Buon
Phong reservoir, Daklak province
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Abstract. This study investigates species biodiversity composition, morphological characteristics and
fluctuation in cell density of cyanobacterial Raphidiopsis raciborskii, and cylindrospermopsin toxin
concentration in Buon Phong reservoir. The cylindrospermopsin concentration in the reservoir was
identified by using the ELISA test. The results show that 23 species of cyanobacteria in 10 genera, 5
families, 3 orders (Chroococcales, Oscillatoriales, Noctoscales) were identified. Straight filamentous
Raphidiopsis raciborskii bloomed all year round in the reservoir with cell densities of 53,6 x10°-58,3 x 107
cells/L. The results of the ELISA test show that cylindrospermopsin toxin in the reservoir existed during
the 12 months of the studied period, ranging from 0.04 to 0.72 ug/L. Although the toxin concentration is
below the hazard level (1 ug/L), the presence of cylindrospermopsin in the reservoir poses a potential
risk because the reservoir water is used for domestic, livestock and aquaculture activities.
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1 Mo dau

Trong nhitng ndm gan day, nhiéu nghién
ctru da chi ra rang hién tuong phti duéng, nong &6
CO: tang va su nong lén toan cau ¢ kha nang lam
tang tan sudt, cuong do va thoi gian no hoa cua vi
khuén lam (VKL) trong nhiéu hé sinh thai thuy
sinh trén toan cau. Xu hudéng nay rat dang lo ngai
vino cd thé cé tac dong tiéu cuc dén da dang sinh
hoc va hoat dong cta lwdi thirc dn trong hé sinh
thai thuy sinh cting nhu tiém ndng nguy hai khi st
dung cac vung nudc nay lam nudc udng, sinh hoat
va cac muc dich giai tri khac. Raphidiopsis raciborskii
(trudc day dwoc goi la Cylindro-spermopsis
raciborskii) la mot trong nhitng VKL dang soi duoc
nghién cttu nhiéu nhat do sy phan bé trén toan cau
va kha nang gay doc ctia n6 [1, 2]. Sw xam 14n 6 at
cua loai nay c6 16 moét phan chiung c6 kha nang
thich nghi cao véi nhitng thay d6i ctia cac yéu to
moi treong; mat khac, ching ton tai trong nhiéu
kiéu sinh théi khac nhau ctia moi truong song [3,
4].

Cylindrospermopsin (CYN) la doc t& do
Raphidiopsis raciborskii tao ra. N6 la mot alkaloid
(C1sH21N507S; 415,43 Da) v6i goc guanidine ba
vong, mot nhém sulfat va mot vong uracil. Hoat
dong sinh hoc ctia hgp chat nay rat rong.
Cylindrospermopsin gay ddc tinh trén t€ bao, gen,
hé mién dich, than kinh va noi tiét. Co ché gay doc
cht y&u bang cach tic ché su tong hop protein,
teong tac voi cytochrome P450 (CYP450), gay ra
stress oxy hoa va dut gay soi DNA, lién két véi cac
thu thé estrogen va anh hwong dén hoat dong cua
acetylcholinesterase (AChE) [5, 6]. Khong giong
nhu doc t6 microcystin (MC), phan 16n doc t6 CYN
dwoc gidi phong ra moi treong nuedc bén ngoai, tan
manh trong nudc, bén voi dnh sang mat troi, bén
nhiét va ton tai trong khoang pH rong [7, 8]. T6c
dd phan huy ctia CYN trong moi trieong tir nhién
rat nho. Vi vay, CYN gdy ra nhiéu nguy co tiém
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ndng va kho khdn trong viéc sit dung va quan ly

nguon nudc.

Bu6n Phong la h6 chita nhan tao c6 vai tro
quan trong trong dam bao an toan ngudén nwdc
nhdm dap tng nhu cau cho con nguoi nhu: cung
cap nudc sinh hoat, twéi tiéu, phuc vu cho chan
nudi va nudi trong thuy san. Do d6, trong bai bao
nay, ching toi tap trung nghién ctru vé thanh phan
loai VKL, dadc diém hinh thai Raphidiopsis
raciborskii, sw bién dong mat do Raphidiopsis
raciborskii va ham luong doc t6 CYN trong nudc ho
Bu6n Phong. Két qua cho thdy tiém nidng nguy hai
cua loai VKL nay va doc t6 CYN trong van dé st

dung va quan ly ngudn nudc noi day.

2 Phuong phap

2.1 Vi tri nghién cttu

Nghién cttu duoc thiec hién tir thang 5-2019
dén 4-2020 tai HO6 Budn Phong (12°92'01",
108°16'24") thudc tinh Dik Lik. Vi tri diém thu
mau duoc xac dinh nhu trong Hinh 1.

Ho6 Budn Phong la h6 chita nhan tao; dung
tich toan bo 1a 3,3 triéu m3; dién tich lvu viec 13 km?;

ho ¢6 d0 séu trung binh 10 m; noi sau nhat vao mua

BP3
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Hinh 1. Ban d6 vi tri h6 Budn Phong véi cac diém
thu mau: BP1, BP2 va BP3
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mua la 20 m. H6 nhan nwdc tir ba con sudi nho va
nudc mua, cung cap nudc sinh hoat, nude twdi,
phuc vu chdn nudi va nudi trong thay san. HO
nhan nguon thai tir nwdc thai sinh hoat va nuwdc

thai nong nghiép.

2.2 Phuong phap thu mau

Thoi gian thu mau: Mau nude va mau thuce
vat phu du dwgc thu hang thang tai ba diém thu
mau & Buon Phong (BP1, BP2 va BP3), trong sudt
thoi gian tir thang 5 ndm 2019 dén thang 4 nam
2020.

Mau dinh tinh: M3u duoc thu bf?mg cach st
dung luéi thu mau véi kich thude mat ludi 20 um
va duoc bao quan bang dung dich formaldehyde
4%. Tai mdi diém 1&y mau, mau séng (khong cd
dinh formaldehyde) duoc thu trong chai nhya
dung cho phan lap [9].

Mau dinh lwong: Mau dwoc thu thap bf?mg
mot 6ng nhya dai 2 m va duong kinh 10 cm. Sau
d6, cac mau nude (d6 sau 0-2 m) duwoc khudy déu
trong mot x6 va 18y 100 mL mau nudc dung trong
chai thuy tinh sAm mau. T4t ca cdc mau dinh luong

duoc bao quan bang dung dich Lugol’s acid [9].

Mau phan tich doc t6: 3 mL nudc duoc 18y
ttr ho chira dung trong dng eppendorf va luu trix &
—18 °C cho toi khi phan tich.

2.3  Phan tich dinh tinh

St dung phwong phap so sanh hinh thai.
Viéc dinh loai va mo ta loai dwoc dya trén ca mau
s6ng, mau cd dinh ciing nhu cdc mau nudi cay.
Anh duoc chup bang kinh hién vi BX51 ¢6 gén bd
phéan chup hinh [9].

2.4  Phan tich dinh lugng

Dém s6 luong t€ bao dwa vao phuong phap
dém véi buong dém Sedgewick — Rafter (dung tich
1 mL v6i 1000 6 dém) [10].

DOI: 10.26459/hueunijns.v131i1A.6341

2.5 Phan tich doc t6 CYN

Thi nghiém mién dich lién két véi enzym
(ELISA). Nong d6 cylindrospermopsin trong mau
nudc twe nhién va trong moi treong nudi cdy duoc
tich d6c t6 véi bd kit Abraxis

Cylindrospermopsin ELISA (Microtiter Plate)

phan

(Abraxis, Hoa Ky). Tat ca cac budc dugc thuee hién
theo huwéng dan ctia nha san xuat. Mat d6 quang
cta mau duoc do & bude séng 450 nm trén hé
thong may doc ELISA ty dong (CODA, Bio-Rad,
Hoa Ky) va nong d¢ cylindrospermopsin (ug/L)
trong cac mau duwoc x4c dinh dua vao duong
chuan cta cylindrospermopsin-HRP. Néu nong do
cylindrospermopsin trong cac mau cao hon chat
chudn (2 pg/L) thi cdc mau duoc pha loang cho dén

khi nam trong khoang ctia duwong chuan.

3 K&t qua va thio luan

3.1 Thanh phin loai VKL ¢ hé Budn Phong

Két qua khao sat thanh phan loai VKL da ghi
nhan dwogc 23 loai thudc 10 chi, 5 ho va 3 bd
(Chroococcales,  Oscillatoriales, Noctoscales).
Danh muc thanh phan loai VKL dwoc sap xép theo
hé théng phan loai cia Komarek va Anagnostidis

va duoc trinh bay ¢ Bang 1.

Béang 1. Thanh phan loai VKL & ho Budén Phong tinh

Dak Lik
H6 Bu6n phong
STT Tén khoa hoc Mia (BF)
Mua kho
mua
Bo Chroococcales
Ho Merismopediaceae
1 Aphanocapsa holsatic + +
) Merismo;'ﬂedia . B
tenuissima
3 Woronichinia compacta + +
4 Woronifhinia B .
naegeliana*
5 Snowella fennica + -
Ho Microcystaceae
6 Microcystis aeruginosa® + +
45
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H6 Bu6n phong
STT Tén khoa hoc Muia (BF)
Mua kho
mua
7 Microcyst?f: . .
wesenbergii*
8 Microcystis botrys* + +
9 Microcystis flos—aquae® + +
10 Micr.ocyst.is . .
panniformis*
11 Microcystis novacerkii +
12 Microcystis cf natan +
13 Microcystis spl. + —
14 Microcystis sp2. + -

B0 Oscillatoriales
Ho Oscillatoriaceae

15 Oscillatoria limosa* -
16 Oscillatoria sancta —
17 Oscillatoria sp1. +
Ho Pseudanabaenaceae
18 Plc%nktolyngbya . .
circumcreta®
19 lelzktoly.n gbya N N
limnetica*
Bo Nostocales
ho Nostocaceae
20 Anabaena sp.* +
21 Anabaena circinalis* -
” Aphm?izomenon B .
ovalisporum™
23 | Raphidiopsis raciborskii* + +

Ghi chil: Dau +: Xuat hién; dau *: Loai sinh ddc t6.

Tai ho Bu6én Phong tat ca cac loai déu c6 mét
tai ba vi tri nghién cttu (BP1, BP2 va BP3), trong d6
13 loai sinh déc t6 (chiém 56,5% tong sO loai) tap
trung chu yéu & b Chroococcales (46,2%). Nhin
chung, khong c6 su khéc biét trong phan bs theo
khoéng gian ctia cac loai VKL trong ho nghién ctru.
biéu nay phan anh tinh chat kha dong nhat cta

moi treong nudce trong toan ho.

Trong s6 23 loai VKL ghi nhan duoc, bd
Chroococcales bao gom nhitng loai dang don bao,
tap doan cd 2 ho (chiém 40% tdng s6 ho), 5 chi
(chiém 50% tong sd chi) va 14 loai (chiém 60,7%
tong so loai). Tiép dén la bd Oscillatoriales bao gom
nhitng loai dang s¢i, khong ¢ t€ bao di hinh ¢6 2
ho (chiém 40%), 2 chi (chiém 20%), 5 loai (chiém
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21,7%); bo Nostocales gom nhiing loai dang soi, c6
té€ bao di hinh ¢6 1 ho (chiém 18,1%), 3 chi (chiém
30%), 4 loai (chiém 17,4%) (Hinh 2). Nhu véy, bo
Chroococcales chiém s6 luong nhiéu nhat cho ca

ho, chi va loai.

Ti 1é phan tram twong ddi cua cac chi VKL
trong khu vuc nghién cttu la Microcystis 39,1%,
Oscillatoria 13,1%, cac chi nhw Planktolyngbya,
Anabaena, Woronichini, mdi chi chiém 8,7% va cac
chi con lai nhw Aphanizomenon, Raphidiopsis,
Snowella, Merismopedia, Aphanocapsa mdi chi chiém
4,4%, trong d6 chi Microcystis chiém s6 lwong loai
nhiéu nhat trong quan xa VKL (Hinh 2). Két qua
nay hoan toan phtt hgp véi nhitng nghién cttu cua
mot s tac gia khi thay rang Microcystis 1a thanh
phan chinh trong cac thuy vue ho nghién ctru [11,
9, 12]. Sut giau loai cia nhitng chi nay trong cac viec
nudc cd thé vi trong nhitng hé néng va pht dudng
thuong xudt hién nhiéu loai cia nhém VKL khong
c6 kha nang ¢8 dinh nito (nito trong ho khong gioi
han), dac biét la bo
Osillatoriales
Oscillatoria [13].

Chroococales va bd

bao gbébm chi Microcystis va

Khi so sanh véi cac nghién ctru vé thanh
phén loai VKL trong mdt so thuy viee da dwgc cong
b3, két qua khao sat cho thay sd luong loai VKL
trong khu vuc nghién ctu it hon so véi hé Dau
Tiéng — 42 loai [12], h6 Hoan Kiém - 55 loai [11] va
ho Tri An - 59 loai [14]. C6 thé su kém da dang vé
thanh phan loai & ho nghién cttu mot phéan 1a do sw
nd hoa thuan loai cua R. raciborskii xuyén sudt ca

nam két hop véi sw nd hoa ctia cac loai thudc chi

B Microcystis

A Oscillatoria

B Planktolyngbya
B Anabaena

B Woronichini

B Aphanizomenon
B Raphidiopsis

B Snowella

B Meris-mopedia
EAphanocapsa

Hinh 2. Ty 1& phan trdm s& loai trong cac chi VKL
6 ho Budn Phong
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Microcystis  (Microcystis  aeruginosa, Microcystis
wesenbergii, Microcystis botrys, Microcystis flos-aquae,
Microcystis panniformis) trong sudt nhiing thang
mua kho. Cac loai nay duoc cho la cé kha nang tao
ra doc t6 nhw chat tic ché cdm nhiém. Tai ho Waahi
cing bét gap hién twong twong tu khi R. raciborskii
nd hoa thuan loai, dat s6 luong t€ bao trén 262.700
tb/L thi chi bt gdp sw xudt hién ctia mot loai tao
silic véi mat do rat thdp 1900 tb/L. Khi hién tueong
no hoa giam, sy da dang thanh phan loai tang 1én
v4i s xuat hién ctia mdt s6 loai nhw: Peridinium

sp., Trachelmonas volvocina va Scenedesmus sp. [15]

3.2 Su xult hién ctua Raphidiopsis raciborskii
va ham lugng doc t6 CYN trong ho Budn
Phong

Hinh thai ctaa Raphidiopsis raciborskii
(Woloszynska) Aguilera, Berrendero Godmez,
Kastovsky, Echenique va Salerno

Hinh thai: Ngoai tw nhién, sgi don ddc, dai
100-250 um, thfmg, trdi noi tu do, hoi eo thit tai
vach t€ bao, thon dan vé cudi soi v6i nhitng t€ bao
tan cung hinh nén tron. Cac t€ bao dinh dudng
hinh try, dai 4,5-10,5 um, rong 2,5-4,5 um. T€ bao
di hinh don d¢c, hinh nén hodc hinh mi tén, rong
3-3,5 um, dai 6,5-10,5 pm. Bao t&t nghi khong quan
sat thdy trong tu nhién. Trong nuoi trong, chiéu dai
s0i bién d6i manh ttr 50 um cho dén hang chuc cm,
bén lai vdi nhau thanh dam (Hinh 3d). Cac té€ bao
dinh duéng dai 10-12,5 pm, réng 3—4,5 um. Hinh
théi t€ bao di hinh thay ddi da dang trong ciing moi
treong nudi cdy, xuat hién tan cung ¢ mot hodc ca
hai dau mao tan, dai 6-11,5 um, rong 2,5-5,5 um.
Bao t& nghi dai 8,5-13,5 um, rong 4,5-5,5 pm.

Phan bo: Loai xAm 1an, cd mat hau hét & cac
luc dia ngoai trit vung curc. Loai nay truwdc day
duoc tim thay 6 Ha N6i, Hué€ va Nha Trang véi tén
goi Anabaenopsis raciborskii Woloszynska. Trong
cac ndm gan day chung xuat hién 6 ho Xuan
Huong, h6 Dau Tiéng, ho Tri An va mét s6 thay
vie & Hué [3, 10, 11]. Loai ¢6 kha nang tao doc t6

cylindrospermopsin, saxitoxin.
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1Ty 7o & B,
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Hinh 3. Hinh théi caa Raphidiopsis raciborskii & ho Budn
Phong trong ty nhién va trong nudi trong. Kich thuwéc
10 um

Sy xudt hién caa loai VKL ddc Raphidiopsis
raciborskii va ham lwgng déc t6 CYN trong ho
Buo6n Phong

Loai R. raciborskii xudt hién xuyén sudt ca
nam trong h6 nghién cttu voi mat do bién dong
dang ké theo mua, thdp vao nhiing thang mua mua
va cao hon vao nhitng thang mua khé. Mat d6 dao
dong tir 53,6 x 106 dén 58,3 x 107 tb/L (Hinh 4).
Trong nhitng nghién cttu truedc day, mat do no hoa
cua R. raciborskii & nhiéu thtuy vuc la khac nhau:
trén 262 x 106 th/L [15], trén 200 x 106 tb/L [16] hodc
nadm trong khoang tir 1,3 x 10¢ dén 41,5 x 106 tb/L
[17]. Vi s8 luong t€ bao trong khoang tir 53,6 x 106
dén 58,3 x 107 tb/L, loai R. raciborskii dwoc xem la
nd hoa quanh nam tai h6 nghién ctru. Hién tuong

700 08

(n/L)

(Triéu 1€ bo/L)
g

——CYN (ug/)

R raciborskii
(Triéu t bao/L)

Hinh 4. Mat d6 va ham lugng doc t6 tir thang 5-
2019 dén 4-2020 ¢ h6 Budn Phong
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nay ciing xudt hién trong mét s thuy vue ¢ vung
can nhiét ddi va nhiét ddi [18, 2]. C6 1é vi nhu cau
nhiét do cao cho su sinh treong nén R. raciborskii
khong thé ton tai dang t€ bao dinh dudng trong
sudt mua dong ¢ vung 6n doi. Riéng & vung nhiét
déi &m quanh ndm, quan thé chu yéu ton tai dang
soi dinh dudng va day ciing dugc xem nhw nguoén
nguyén liéu cho s nd hoa quanh nam cua loai nay
trong nhitng thiy virc nhiét d6i [16]. Bén canh do,
trong ho con xuat hién loai VKL Anabaena sp. voi
mat do t&€ bao kha cao tir 2,2 x 10¢ dén 72,3 x 10¢
tb/L. Pong thoi v6i viéc phan tich sy hién dién va
mat do té€bao R. raciborskii trong ho, chiing t6i cling
phan tich ham lwong doc t6 CYN trong mau nude
tw nhién. Cac két qua phan tich ELISA cho thay doc
t0 CYN trong nudc ho chira c6 mét trong sudt 12
thang nghién cttu, dao dong tir 0,04 dén 0,72 ug/L.
Ham luong cao nhat roi vao cudi mua kho (thang
4) va thap nhét 1a dau mua mua (thang 5). Mac du
ham luong déc to van nam dudi mie d6 nguy hai
(1 ug/L - WHO) nhung su xudt hién doc td trong
nudc ho chira da cho thdy rui ro tiém tang do day
la ngu6n nudc duoc st dung sinh hoat, chan nu6i

va nudi trong thuy san.

4  Kétluan

Qua diéu tra thanh phan loai VKL ¢ ho
nghién cttu, chung t6i ghi nhan duoc 23 loai phan
bd trong 10 chi, 5 ho va 3 bo (Chroococcales,
Oscillatoriales, Noctoscales). Trong d6, bd
Chroococcales ¢6 s6 luong ho, chi va loai cao hon
hai by con lai. Chi Microcystis c6 s6 lwong loai
nhiéu nhat trong quan xa VKL tai khu vuc nghién

7

cuu.

Raphidiopsis raciborskii (soi thang) no hoa
quanh ndm trong h6 véi mat d¢ t€ bao dao ddng tir
53,6 x 106 dén 58,3 x 107 tb/L (thap vao nhitng thang
mua mua va cao hon vao nhitng thang mua kho).
Ham luong doc t6 CYN trong moi truong cé mat
trong su6t 12 thang nghién cttu, dao dong tir 0,03
dén 0,72 ug/L (ELISA). Ham lwgng cao nhat roi vao
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cudi mua kho (thang 4) va thdp nhat la dau mua
mua (thang 5). Mac du ham luwong ddc t& van ndm
dwdi mire d6 nguy hai (1 pg/L - WHO) nhung suw
xudt hién ddc td trong nwdc ho chira da cho thay
rui ro tiém tang do day la nguon nudc dwgc sw

dung sinh hoat, chan nudi, nuo6i trong thuy san.
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THANH PHAN LOAI VI KHUAN LAM O HO EANHAI
VA HO BUON PHONG TINH DAK LAK

Ngé Thi Diém My"", Tén That Phap2, Nguyén Thij Thu Lién'

" Vién Céng nghé sinh hoc, Dai hoc Hué
2Khoa Sinh, Trwéng Pai hoc Khoa hoc, Dai hoc Hué

TOM TAT

Muc dich cta nghién ciru nay 1a didu tra sy da dang sinh hoc cta nhing loai vi khuan lam (VKL) nudc ngot
trong hai hd chtra & Pik Lak thudc ving Cao nguyén Viét Nam. 72 miu duoc thu tir hai hd trong khoang thoi
gian tir thing 5 nam 2019 dén thang 4 ndm 2020. Két qua diéu tra cho thay sy hién dién cia 33 loai VKL phan
bd trong 14 chi, 6 ho, 3 bd (Chroococcales, Oscillatoriales, Noctoscales). Trong do, bd Chroococcales wu thé
nhét véi 15 loai, chiém 45,5%, tiép dén 1a bo Oscillatoriales vai 12 loai, chiém 36,4%, con lai thanh phan loai it
nhét 14 bo Nostocales v6i 6 loai, chiém 18,1%. Microcystis 1a chi dai dién, v6i s6 lugng loai nhiéu nhét (10 loai),
Cylindrospermopsis raciborskii (soi thang) xuat hién quanh nam trong ca hai hd, 17 loi ¢6 tiém nang sinh doc
t6, trong d6 c6 4 loai (Cylindrospermopsis raciborskii, Raphidiopsis mediterranea, Aphanizomenon ovalisporum,
Planktolyngbya circumcreta) khong chi ¢é tiém ning sinh doc té ma con 1a loai xam lan.

Tir khéa: Pak Lak, doc to, ho chira, vi khuan lam, xam lan.

MO PAU

Hé sinh thai nwdc ngot [a mdi trwdng thich hop nhéat cho sy phat trién ctia VKL, dic biét 1a & cac vung nhiét dai,
noi c6 diéu kién thuan lgi nhat cho sw n& hoa clia VKL - mét hién twong déc trung bdi sy phat trién manh mé
cla cac smh vat nay trong nwéc. Sinh khéi cao clia ching khong chi la mot trong nhwng nguyén nhan chinh gay
ra van d& vé& mui va vi trong cac thé nwdc ngot, ma con gép phan vao cac van dé thdm my, gidm dich vu glal tri..
Nhiéu loai VKL con tao ra doc t6 gay tlr vong hodc bénh tat & cac sinh vat nwéc ngot, gia sltc va tham chi ca con
ngwdi (Michele et al., 2016; Soares et al., 2013). VKL nwédc ngot & Viét Nam da dwgc nghién ciru tlr nhivng
ndm 1960. Cac nghién clru ctia Cao Ngoc Phwong (1964), Phung Thi Nguyét Héng (1992), Dwong Bac Tién
(1996), da ghi nhan dwoc 205 nhém phan loai VKL tir nhitng viing mién khac nhau cta Viét Nam. Bén canh d6,
thanh phan loai cia nhém sinh vat nay clng dwoc tim théy trong cac khu hé thwe vat phu du nwéc ngot va nwéc
man tai Viét Nam (Nguyen et al., 2007).

Dak Lék la mot trong sb cac tinh nam trén dia ban Tay Nguyén va duoc xem 12 “Xir s& clia hé”. Ngudn nwéc mét
cung cép cho hoat ddng séng chi yéu duoc lay tir song, hd tw nhién va hdé chra. Hé théng hd nm day dong vai
trd quan trong trong ddm béo an toan nguon nwéc nham dap ng nhu ciu cho con ngwdi (cung cip nuwdc udng,
nwéc sinh hoat), phuc vu cho chan nuéi, tréng trot, nudi trdng thiy san, dac biét la trong nhirtng thang mua kho
han kéo dai (S& NN&PTNN D&k Lk, 2018). Birng trwdc tinh hinh bién ddi khi hau, DAk Lak dang phai déi dién
v&i nhirng s kién thoi tiét cuc doan nhw: mwa Ién trong mét thei gian ngén va khd han kéo dai khdc nghiét, didu
nay c6 thé dan dén thay ddi mwc nwéc va thdi gian lwu gitk nwéc trong hd. O viing ¢é lwong muwa giam, lwong
nwéc trong hé théng thiy sinh gidm va thdi gian lwu gitr nwde téng lén sé thic ddy qua trinh phu duwéng, dan dén
tang do duc, dd dan dién, d6 man, ndng dd dinh dwéng va sinh khéi thuc vat phu du, bao gdm ca VKL déc hai.
Tuy nhién, & nhirng nghién cuu trwéc day trong cac thuy vire nwdc ngot & Pak Lak chi yéu tap trung vao thanh
phan loai thwc vat phu du; méi quan hé gitra cac yéu té moi truo’ng va thanh phan loai thuc vat phu du, nhung cong
trinh nghién ctu vé& sw da dang sinh hoc céc loai VKL va doc té cla ching trong cac thiy vuc & Dak Lak con rat
han ché. Vi vay, nghién ctru vé& thanh phan loai VKL ¢ tiém ning sinh ddc té trong mét sé thiy vuc & Dak Lak la rat
can thiét. Bai bao nay trinh bay cac két qua xac dinh thanh phan loai vi khuin lam trong 2 hé chira EaNhai va Buén
Phong thuéc tinh D&k Lak.

NGUYEN LIEU VA PHUONG PHAP

Vi tri nghién ctru

Nghién ctru duwgc thwe hién tir thang 5/2919 ’dén 4/2020 tai H6 EaNhai (12°44'41", 108°11'53") va hd Budn
Phong (12°92'01", 108°16'24") thudc tinh Dak Lak. Vi tri thu mau dwoc lwa chon nhw trong Hinh 1.
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Hinh 1. Ban dé cac vj tri thu mau cta 2 hé chira thudc tinh Dak Lak

H6 EaNhai l1a hd chira nhan tao, cé ngudn gbc tlr mét ving triing ctia khu ring tw nhién. Téng dién tich hd
250 ha véi dién tich mat thoang la 200 ha, hd cé do sau trung binh 6 m, noi sau nhat vao muia mwa la 17 m. Dién
tich lwu vc 165 km2. H5 nhan nwéc tlr 1 con sudi nhd va nwéc mwa. HO c6 vai trd cung cip nwéc sinh hoat,
nwéc twdi, nudi trdng thuy san va du lich.

Hb6 Budn Phong 1a hd chira nhan tao, dung tich toan bo la 3,3 triéu m3, dién tich lwu viec 13 km2, hd c6 dd sau
trung binh 10 m, noi sau nhat vao mua muwa la 20 m. Hd nhan nudc tir 3 con sudi nhd va nwdc mwa, chi yéu
diing dé cung cap nuéc tudi va nhan nwéde thai sinh hoat, néng nghiép. Vao mua kho thwéong thay coé hién twong
n& hoa nwdc va cé6 mui.

Phwong phap nghién ctru

Ngoai thuc dia: Mau thuc vat phu du dwoc thu thap hang thang tai 6 vi tri thu mau EN1 (12°73'47", 108°19'98"),
EN2 (12°74'62", 108°19'76"), EN3 (12°75'69", 108°19'96"), BP1 (12°91'92", 108°16'23"), BP2 (12°92'37",
108°16'77"), BP3 (12°92'09", 108°16'92") tai hd Ea Nhai va hd Budn Phong (Hinh 1). Mau thu bang luéi vét sinh
vat phu du (phytoplankton) dwong kinh mét lwéi 20 pm va dwoc cb dinh ngay béng dung dich formol 4% (Sournia
A., 1978; Findlay va Kling, 2014). Mau dwoc thu tir thang 5/2019 dén thang 4/2020, tdng sb 72 mau luéi dwoc
thu thap trong suét thoi ky thu mau.

Trong phong thi nghiém: MAau tw nhién, mau ¢ dinh cling nhw mau nuéi tréng dwoc kiém tra dwdi kinh hién vi
quang hoc BX51 dwoc trang bi may hinh k§ thuat sd va phdn mém. Kich thwéc VKL dwoc do trén cd mau tw
nhién va mau c¢b dinh, do it nhat 20 14n trén mot dbi twong (Nguyen et al., 2007a). Phan lap theo phwong phap
tach t& bao don (Andersen, 2005) va nudi tréng trong moi trwéng Z8 co cai tién (Kotai, 1972). Xac dinh thanh
phan loai theo hé théng phan loai ctia Anagnostidis va Komarek (1985, 1988, 1990) va Komarek va Anagnostidis
(1986, 1989, 1999, 2005).

KET QUA VA THAO LUAN
Danh muc thanh phan loai VKL trong 2 hé nghién ctru

Két qua khao sat thanh phan loai VKL da ghi nhan dwoc 33 loai thudc 14 chi, 6 ho va 3 bd (Chroococcales,
Oscillatoriales, Noctoscales). Danh muc thanh phan loai VKL dwoc sép xép theo hé thdng phan loai clia Komarek
& Anagnostidis (1999, 2005) va dwoec trinh bay & bang 1. Tai hd EaNhai c6 18 loai (chiém 54,5% tdng sb loai), tat
ca cac loai déu cé mét tai 3 vi tri nghién clru (EN1, EN2 va EN3), trong d6 c6 10 loai tao déc té (chiém 62,5%
tdng s6 loai tao doc) tap trung chi yéu & bd Chroococcales (55,6%). O hd Budn Phong gdm 23 loai (chiém
69,7% tbng sb loai) va cé mét trong ca ba vi tri nghién ctru BP1, BP2 va BP3. Trong dé cé 13 loai tao ra doc tb
(chiém 75% tbng sb loai tao ddc) nhiéu hon hd EaNhai 3 loai va ciing tap trung chl yéu & bd Chroococcales
(46,2%). Tai khu virc nghién cu c6 9 loai phan bd trong 5 chi Microcystis, Cylindrospermopsis, Oscillatoria,
Aphanocapsa va Merismopedia hién dién trong ca hai hé (bang 1). Nhin chung khéng c6 sw khac biét dang ké
trong phan bd theo khong gian cuia cac loai VKL trong ca hai hd nghién clru, diéu nay phan anh tinh chat kha
ddng nhét clia mdi trwdng nwéc trong toan hd.
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Bang 1. Thanh phan loai VKL & hé EaNhai va hé Budn Phong tinh Dak Lak

H& EaNhai (EN)

H6 Buén phong (BP)

ST Tén khoa hec ENA EN2 | EN3 BP1 BP2 | BP3
BO CHROOCOCCALES
HO MERISMOPEDIACEAE
1 Aphanocapsa holsatic + + +
2 Merismopedia tenuissima + + +
3 Woronichinia compacta - - - + + +
4 Woronichinia naegeliana* - - - + + +
5 Snowella fennica - + + +
HO MICROCYSTACEAE
6 Microcystis aeruginosa*™ + + + + + +
7 Microcystis wesenbergii* + + + + + +
8 Microcystis botrys™ + + + + + +
9 Microcystis flos-aquae* + + + + + +
10 Microcystis panniformis* + + + + + +
11 Microcystis novacerkii - - - + + +
12 Microcystis cf natan - + + +
13 Microcystis viridis* + + + - - -
14 Microcystis sp1. - - - + + +
15 Microcystis sp2. - - - + + +
BO OSCILLATORIALES
HO OSCILLATORIACEAE
16 Lyngbya sp. - - -
17 Oscillatoria limosa* + + +
18 Oscillatoria sancta - - - + + +
19 Oscillatoria sp1. - - - + + +
20 Oscillatoria sp2. + + + - - -
HO PHORMIDIACEAE
21 Phormidium willei - - R
22 Phormidium acticulatum - - -
HO PSEUDANABAENACEAE
23 Planktolyngbya brevicellularis + + + - - -
24 Planktolyngbya circumcreta™ - - -
25 Planktolyngbya limnetica* - - -
26 Pseudanabaena minima + + - - -
27 Pseudanabaena mucicola* + + - - -
BO NOSTOCALES
HO NOSTOCACEAE
28 Anabaena viguieri* - - - + + +
29 Anabaena circinalis™ - - - + + +
30 Aphanizomenon ovalisporum* - - - + + +
31 Cylindrospermopsis raciborskii* + + + + + +
32 Raphidiopsis mediterranea* + + + - - -
33 Raphidiopsis curvata* + + +

Ghi chi: Déu +: Xuét hién; déu - : Khéng xuét hién,

Trong sb 33 loai VKL ghi nhén dwoc, bé Chroococcales bao gdm nhirng loai dang don bao, tap doan cé 2 ho
(chiém 33,3% tong sb6 ho), 5 chi (chiém 35,7% téng sb chi) va 15 loai (chiém 45,5% téng sb loai). Tiép dén la bo
Oscillatoriales bao gdm nhirng loai dang soi, khdng co té bao di hinh c6 3 ho (chiém 50%), 5 chi (chiém 35,7%),
12 loai (chiém 36,4%); bd Nostocales gdm nhirng loai dang soi, cé t& bao di hinh cé 1 ho (chiém 18,1%), 4 chi
(chlem 28,6%), 6 loai (chiém 18,1%) (bang 2, hinh 2). Nhw vay, b Chroococcales va b Oscillatoriales doéng
chiém wu thé v&i sé lwang ho, chi, loai xap xi bang nhau, bd Nostocales c6 sé luwong ho, chi, loai thap nhét. Ty 1&
nay hoan toan phu hop véi nghlen clu & hd DAu Tiéng khi hai bd Chroococcales (chlem 35 7%) va
Oscillatoriales (chiém 40,5 %) déng chiém wu thé, trong khi d6 bd Nostocales (23,8%) thdp nhat ca vé sb lvgng

ho, chi, loai (Pham et al., 2017).

dau
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Hinh 2. Ty I&é phan trdm sé loai theo cac bé trong hai hd nghién ctru

Bang 2. C4u trac thanh phan ho, chi, loai ctia cac bd VKL trong hai hé nghién ciru

Chroococcales Oscillatoriales Nostocales N .
Bo ~ ~ — Tong so
S6 lvgng % SO lvgng % SO lvgng %
Ho 2 33,3 3 50 1 18,1 6
Chi 5 35,7 5 35,7 4 28,6 14
Loai 15 455 12 36,4 6 18,1 33

Ti 1é phén tram twong dbéi ctia cac chi VKL trong khu vic nghién cu la Microcystis 30,3%, Oscillatoria 12,1%,
Planktolyngbya 9,1%, cac chi nhw Anabaena, Raphidiopsis, Pseudanabaena, Phormidium, Woronichinia mdi chi
chiém 6,1% va cac chi con lai nhw Aphanizomenon, Cylindrospermopsis, Lyngbya, Snowella, Merismopedia,
Aphanocapsa mi chi chiém 3,0%, trong dé nhirng loai thudc chi Microcystis, Oscillatoria la thanh phén chinh cta
quan xa VKL (hinh 3). K&t qua nay hoan toan phu hop v&i nhitng nghién cu clia mét sb tac gia trong va ngoai
nwéc khi thdy rdng Microcystis va Oscillatoria |a hai chi chiém wu thé trong cac thé nwéc ho nghién ciru (Andrew
et al., 2018; Nguyen et al., 2007; Pham et al., 2017; Kién et al., 2017). Sw chiém wu thé cla nhirng chi nay trong
cac thé nwédc cé thé vi trong nhivtng hd néng, phi duéng thwerng dwoc trdi béi nhiktng nhém VKL khong cé kha
néng cb dinh Nito' (Nito trong hé khéng gidi han), déc biét la bd Chroococcales va bod Osillatoriales bao gdm chi
Microcystis va Oscillatoria (Havens et al., 2003). Trai lai, déi v&i nhivng hd pht dwéng phan ting, cé d6 sau trung
binh lai dwgc dac trwng béi nhirtng nhém VKL ¢6 kha ndng cb dinh Nito nhw Anabaena va Aphanizomenon (Paerl
et al., 2001).

u Microcystis

m Oscillatoria

= Planktolyngbya

= Anabaena

u Raphidiopsis

= Pseudanabaena

= Phormidium

u Woranichini
Aphanizomenon

= Cylindrospermopsis

= Lyngbya
Snowella
Merismopedia
Aphanocapsa

Hinh 3. Ty I& phan trdm s loai trong cac chi VKL & 2 hé nghién ciru

Khi so sanh v&i cac nghién ciru vé thanh phan loai VKL trong mot so thay virc da dwoc cong b, két qua khao sat
cho thay sé lvgng loai VKL trong khu vire nghién ctru nhiéu hon sé lweng loai VKL dwgc ghi nhan tai ba hé chira
& Cao nguyén Lam Vién tinh Lam Déng (26 loai) (Tinh, 2017), hai hd chra & Dak Lak (hd Easoup + hd Dakmyl -
29 loai) (Thwong, 2010) va 45 hd chiva & Sri Lankan (13 loai) (Senanayake et al., 2017) nhuwng it hon dang ké so
véi hd Dau Tléng 42 loai, hé Hoan Kiém — 55 |oai, h6 Tri An — 59 loai. Bén canh d6, hau hét VKL trong khu vic
sbng trdi ndi, mot sb it loai khac cé dac diém sbng day (Lyngbya sp., Oscillatoria sp1., Oscillatoria sp2.,
Phormidium willei, Pseudana-baena minima) hodc vira sbéng trdi ndi vira song day (Oscillatoria limosa,
Oscillatoria sancta, Phormidium acticulatum). Nhin chung, cac dac diém néu trén ctia VKL tlr hai hé nghién ctru
kha gidéng so vé&i cac dic diém twong tw ctia VKL tir hd Tri An, hd Dau Tiéng va mét sé thdy vwc & Hué (Nguyen
et al., 2007; Dao et al., 2010; Pham et al., 2017).
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Cac loai VKL c6 tiém ning san sinh ra doc t6é

Tai hai hd nghién clru da xéc dinh dwoc 17 loai VKL (chiém 51,5% téng sb loai) phan bé trong 9 chi nam trong
danh muc céc loai c6 kha nang san sinh déc t6 va dwoc trinh bay trong bang 2. Trong dé chi Microcystis,
Pseudanabaena, Woronichinia tao ra doc td gan; chi Anabaena, Oscillatoria, Planktolyngbya thudng tao ra doc t6
gan va doc té than kinh; chi Aphanizomenon, Cylindrospermopsis, Raphidiopsis tao ra déc t6 té bao va doc té
than kinh (Kim et al., 2014). Két qua cho thay rang, sé lugng VKL doc trong khu virc nghién ciru la rat cao chiém
hon 50% téng s6 loai. Ty I& nay cao hon nhiéu so véi 3 hd chira & cao nguyén Lam Vién (chiém 30,8% tong sé
loai), hai hd chira (hd Easoup + hé Dakmyl) & Dak Lk (chiém 34,6% téng S0 loai). Diéu nay cho thay nguy co 6
nhiém ddc t6 cling nhw tidm nang rdi ro vé& van dé strc khoe khi st dung ngudn nwéc noi day la rat 1on.

Bang 2. Thanh phan loai VKL cé tiém ning san sinh ra déc té6 & hd EaNhai va hé Buén Phong

Tén loai Hé EaNhai (EN) Hé Buén phong (BP)
Mua mwa Mua kho Mua mwa Mua kho
Woronichinia naegeliana - - - +
Microcystis aeruginosa - + + +
Microcystis wesenbergii - + + +
Microcystis botrys - + + +
Microcystis flos-aquae - + + +
Microcystis panniformis - + + +
Microcystis viridis - + - -
Oscillatoria limosa - + - +
Planktolyngbya circumcreta - - + +
Planktolyngbya limnetica - - + +
Pseudanabaena mucicola - + - -
Anabaena viguieri - - + +
Anabaena circinalis - - - +
Aphanizomenon ovalisporum™* - - - +
Cylindrospermopsis raciborskii** + + + +
Raphidiopsis mediterranea™* + - - -
Raphidiopsis curvata + - - -

Ghi chu: DAu +: Xudt hién; déu - : Khong xuét hién, déu **: Loai xam I14n va c6 tiém nang sinh déc t6

HAu hét cac loai VKL ddc trong hai hd nghién ctu chi xuét hién vao nhitng thang mia mwa ho&c nhirng thang
mua khé ctia ndm, chi riéng Cylindrospermopsis raciborskii va mot sb loai thudc chi Microcystis xuét hién xuyén
sudt trong tat ca cac thang clia ndm (bang 2).Tai hd Budn Phong Cylindrospermopsis raciborskii ddng xuét hién
véi Microcystis ssp. trong subt thoi ky nghién clru, két qua nay hoan toan phu hop véi nghién ctru ciia mot sb tac
gia khi ho cho réng sw ddng troi nay co 18 do kha nang tw diéu chinh vi tri cGia minh trong c6t nuwéc va ching cé
moi trwdng séng gbi chdng Ién nhau (Soares et al., 2013; Moura et al., 2015). Trai v&i két qua trén c6 mot sb
nghién ctru cho réng Cylindrospermopsis raciborskii ddng trdi hodc déng xuét hién véi Lyngbya, planktolyngbya
va Planktothrix, trong khi d6 Microcystis thi déng troi hodc ddng xuét hién v&i nhitng loai thudc cing mét chi va
chi Sphaerocavum (Soares et al., 2013). Tham chi, mot sb tac gia tim thdy sinh khéi cta chi Microcystis da
thay thé sinh khdi cta chi Cylindrospermopsis trong mét vai hé sinh thai nwéc (Marinho et al., 2002; Crossetti et
al., 2008).

Tai hd EaNhai Cylindrospermopsis raciborskii n& hoa quanh ndm, sw né hoa quanh ndm cla loai nay ciing dwoc
bét gép trong mét s6 hd chiva & viing nhiét ddi, didu nay cé 18 do Cylindrospermopsis raciborskii cé nhu cau anh
sang thap, khoang chiu dwng nhiét dd I&n, chién lwoc s dung nito linh dong, kha nang hap thu va dw tri
photpho cao hay néi cach khac ching co bién d6 sinh thai rong noi nhitng yéu té méi trweng chi chét (Soares et
al., 2013; Michele et al., 2016). Kém theo d6 la kha nang tao doc té nhw chat cdm nhiém, séng cach tang nuéc
mat 2-3 m va kha nang tao bao t& nghi dwdi cwdng d6 anh sang cao (Senanayake et al., 2017). Trong khi dé
nhirng loai thudc chi Microcystis chi xut hién vao nhitng thang mua khd va cling 1a mia né hoa phd bién cia
ching. Mot sb tac gid cho rdng kha ndng chiu dwng cwdng dd anh sang cao va kha ndng chiu dwoc didu kién
phan tAng da Gng hd nhitng loai Microcystis ssp. troi trong subt nhitng thang mua hé (Soares et al., 2013).
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Hinh 4. Cac loai VKL c6 tiém ning tao ra déc t6 trong hai hé nghién ctru
a. Microcystis wesenbergii; b. Microcystis botrys; c. Microcystis panniformis; d. Microcystis aeruginosa;
e. Anabaena circinalis; f. Microcystis flosaquae; g. Cylindrospermopsis raciborskii; h va i. Raphidiopsis curvata;
k. Woronichinia naegeliana; | va m. Aphanizomenon ovalisporum. Thuéc 10 um.

KET LUAN

Két qua diéu tra thanh phan loai VKL & hai hd, ghi nhan dwoc 33 loai phan bd trong 14 chi, 6 ho va 3 bo
(Chroococcales, Oscillatoriales, Noctoscales). Trong d6, bé Chroococcales wu thé nhat véi 15 loai chiém 45,5%,
tiép dén la bo Oscillatoriales v&i 12 loai chiém 36,4%, con lai thanh phan loai it nhat 14 bod Nostocales véi 6 loai
chiém 18,1%. Hau hét cac loai VKL sbng tréi ndi, mot sb loai sbng bam & nén day hodc vira sbng tréi ndi vira
sbng day. Trong tat cad cac chi thi Microcystis 1a chi dai dién v&i sbé lwong loai nhidu nhat (10 loai),
Cylindrospermopsis raciborskii (soi th&ng) xuét hién quanh nam trong ca hai hd. 17 loai c¢é tiém nang sinh doc tb,
trong d6 co6 4 loai (Cylindrospermopsis raciborskii, Raphidiopsis mediterranea, Aphanizomenon ovalisporum,
Planktolyngbya circumcreta) khéng chi co tiém n&ng sinh ddc t6 ma con la loai xam lan.
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CYANOBACTERIAL COMPOSITION IN EANHAI AND BUON PHONG
RESERVOIRS IN DAKLAK
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SUMMARY

The purpose of this study is to investigate the biodiversity of cyanobacterial composition in two reservoirs in
Dak Lak, which is located in Central Highlands of Vietnam. 72 samples were collected from two lakes in the
period from May 2019 to April 2020. The results show that 33 species of cyanobacteria in 14 generas, 8 families,
3 orders (Chroococcales, Oscillatoriales, Noctoscales) were identified. The Chroococcales was the most
dominant species, accounting for 45.5%, with 15 species; followed by 12 species of the Oscillatoriales
occupying 36.4%. The Nostocales was the last order with 6 species, occupying 18.1%. Microcystis is a
representative genus with the largest number of species (10 species), Cylindrospermopsis raciborskii (straight
strands) appears year-round in both lakes, 17 species have the potential to produce toxins, four of which
(Cylindrospermopsis raciborskii, Raphidiopsis mediter-ranea, Aphanizomenon ovalisporum, Planktolyngbya
circumcreta) not only produce cyanotoxins but also are the invasive species.

Keywords: Dak Lak, reservoirs, toxin, cyanobacteria, invasive.
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