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ARTICLE INFO ABSTRACT

Keywords: Cyanobacteria of both toxic and nontoxic species frequently coexist and thrive in the same habitat. However,

Arthrospira platensis little is known about how nontoxic species can mitigate the negative impacts of the toxins produced by toxic

f\;éanothms species. The current study examined the potential adaptive response of Arthrospira platensis to saxitoxin (STX) in
sorption

batch cultures. This cyanobacterium was exposed to various STX concentrations for seven days, and growth and
antioxidative biomarkers were observed. During the first two days of incubation, the growth (i.e., cell density
and chlorophyll-a) dramatically decreased in STX-treated cultures compared to control. Glutathione-S-
transferase (GST), superoxide dismutase (SOD), and lipid peroxidation levels increased along with this decline
in growth in STX-treated cultures. These parameters were restored to control values on day 3 of incubation and
remained at levels that were relatively close to those of control cultures during the remaining period of exper-
iment. The changes in these parameters were associated with the amount of extracellular polysaccharides (EPS)
released into the media of STX-treated cultures, demonstrating the role of this EPS in protecting A. platensis cells
from this toxin. The results of isotherm experiments confirmed the ability of the released EPS to adsorb STX onto
their surfaces, with adsorption capacity (k = 2.9) comparable with that of activated carbon (k = 3.6). This
suggests that A. platensis used EPS to build a defense mechanism to limit STX uptake into its cells. This EPS can
give A. platensis the advantage of growing in natural lake water in outdoor systems for mass production without
experiencing any negative effects from STX. Additionally, EPS could be used in drinking water and wastewater
treatment facilities as an ecofriendly adsorbent for saxitoxin and other positively charged cyanotoxins.

Outdoor ponds
Mass production

cancer [4]. Arthrospira biomass has been produced in large commercial
scale [1] as well as in small ponds and pots for local consumption [5].
However, high costs of chemical ingredients of culturing medium (e.g.,
Zarrouk medium) make it unsuitable effective for economic effective

1. Introduction

Arthrospira platensis (formerly Spirulina platensis) is filamentous
cyanobacterium, which grows enormously under strong sunlight, high

temperature and highly alkaline conditions [1]. A. platensis attracts the
attention of researchers and food regulatory authorities such as Euro-
pean Food Safety Agency (EFSA) and the Food and Drug Administration
(FDA) [2], due to its nutritional and medicinal features [3]. More spe-
cifically, Arthrospira/Spirulina biomass is used as a nutritional supple-
ment for animals and humans, as it is rich in protein, carbohydrates,
minerals, essential fatty acids, and vitamins [2]. Because of its high
component content of phycocyanin pigment and polysaccharides,
Arthrospira biomass is utilized as functional food to fight or prevent

mass production [6]. This has necessitated the search for lower cost
nutrient sources for Arthrospira biomass production such as lake water
and agro-industrial wastes [7]. Nevertheless, one of the major chal-
lenges facing the use of unprocessed natural or wastewater for the
cultivation of A. platensis is the presence of xenobiotics (e.g., cyano-
toxins) in these waters, which may have negative effects on A. platensis
growth or contaminates the commercial biomass product.

Several studies have reported that microalgae and cyanobacteria
including A. platensis can develop its own protective mechanisms to
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avoid the toxicity of such hazardous xenobiotics [8,9]. Among these
protective substances, the negatively charged extracellular poly-
saccharides (EPS) were found to be released by cyanobacteria to bind
positively charged heavy metals, preventing their uptake and toxicity to
the cells [10,11].

While growing A. platensis in lake water in the laboratory, our
research team observed that a culture of A. platensis showed slimy
texture of culture medium at the bottom of the culture vessel. This slimy
substance was preliminarily identified as extracellular polysaccharides.
The ELISA test revealed the presence of saxitoxin in medium of
A. platensis culture. We, therefore, hypothesized that A. platensis cells
released EPS into the medium as an adaptive mechanism against the
toxicity of saxitoxin. This hypothesis was tested by studying the effect of
different concentrations of saxitoxin on the growth and antioxidant
system of A. platensis. The study also evaluated the mechanism by which
the released EPS could protect A. platensis against saxitoxin.

2. Materials and methods
2.1. Experimental organism

Arthrospira platensis- C1G was obtained from the Culture Collection
of LEGE at CIIMAR (Interdisciplinary Centre of Marine and Environ-
mental Research (Porto, Portugal). The cyanobacterial strain was grown
axenically in Zarrouk liquid medium adjusted at pH 9 [12]. The cultures
were aerated with sterile (0.22 pm) bubbling air and CO3 (1 %) at a flow-
rate of 25 mL min~! and incubated at temperature 30 °C with an illu-
mination (white light) of 100 pmol photons m~2 s ~! produced by neon
tubes in 14:10 h light/dark cycle. At the late exponential growth phase
(10 days), the cultures were centrifuged (6000 xg,15 min, 4 °C) and the
pellets were washed twice with sterilized medium and resuspended in
fresh medium for use in the saxitoxin treatment experiments.

2.2. Exposure of A. platensis to saxitoxin

To investigate the potential toxicity of saxitoxin on A. platensis, the
exponentially growing cells were inoculated into 500 ml flasks con-
taining 200 mL Zarrouk liquid medium (pH 9) to give an initial optical
density 0.078 (at 560 nm) corresponding to biomass concentration of
8.21 mg L dry weight. Thereafter, different initial concentrations of
saxitoxin (0.5, 1, 5, 10, 20, and 50 pg L1 were added to cyanobacterial
cultures. These concentrations were selected based on the range (1-26
pg L) of environmentally relevant concentrations of extracellular STX
[13,14]. Cyanobacterial cultures without STX were used as positive
controls. Culture medium containing STX but without cyanobacterial
cells served as negative control. Both control and treated cultures were
incubated under the same growth conditions outlined above for 7 days.
Both treatment group and control were made in triplicate. At regular
intervals, an aliquot (10 mL) was aseptically withdrawn from each
culture suspension for growth measurements and determinations of lipid
peroxidation, antioxidant enzyme activities and extracellular poly-
saccharide concentrations. At each sampling time, the cultures were
examined for the bacterial contamination under epifluorescence mi-
croscope after staining with 4',6-diamidino-2-phenylindole (DAPI
Sigma-Aldrich Co., U.S.A.) [15].

2.3. Measurement of A. platensis growth

A. platensis growth was monitored daily in both control and STX-
treated cultures by measuring the optical density at 560 nm in 2 mL of
agal suspension [16]. Biomass values were determined using ODs¢q re-
sults as described by Xue et al. [17] and Onem et al. [18]. At the same
time, chlorophyll- a (Chl-a) content was estimated by methanol
extraction of cyanobacterial cells (2 mL of agal suspension) filtered on
Whatman GF/C glass fiber filter. The absorbance of the centrifuged su-
pernatant (6000 xg, 10 min) was measure spectrophotometri-cally, and
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Chl-a content was calculated according to the equation described in
Porra [19] and expressed as mg g~ * dry biomass.

2.4. Determination of antioxidant enzyme activity and lipid peroxidation

A. platensis cells were harvested from control and treated cultures by
centrifugation (6000 xg, 10 min, 4 °C) and the cell pellets were washed
with sterilized distilled water and centrifuged again. The pellets were
then ground with ice-cold sodium phosphate buffer (0.1 M, pH 7) in a
porcelain mortar. The extracts were centrifuged (6000 xg, 10 min, 4 °C)
and the supernatants were kept at —20 °C until use. Concentration of
total protein was determined in the extracts based on the method of
Bradford [20].

Superoxide dismutase (SOD) activity was evaluated by monitoring
the inhibition of nitro blue tetrazolium (NBT) according to the method
of Beyer and Fridovich [21]. The reaction mixture contained 50 mM
potassium phosphate buffer (pH 7.8), 13 mM methionine, 75 uM NBT, 2
pM riboflavin, 0.1 mM EDTA and 1 ml of the enzyme extract. The re-
action mixture was exposed to light (80 pmol m 2 s™1) for 20 min. At the
same time, two portions of reaction mixture without enzyme extract
were prepared; one of them was kept in light and used as reference for
calculating absorbance for one unit SOD, while another part was kept in
darkness and used as a blank. The reaction was quenched by switching
off the light and absorbance was read at 560 nm. The amount of enzyme
that caused a 50 % decrease in NTB reduction is referred as one unit of
SOD activity (expressed as unit mg’1 protein).

Glutathione-S-transferase (GST) Enzyme activity was determined
according to Habig and Jakoby [22] by measuring the decrease in
absorbance at 340 nm due to conjugation of reduced glutathione (GSH)
to 1-chloro-2,4-dinitrobenzene (CDNB). The enzyme amount that
transforms 1 mM of CDNB per min was referred as one GST unit using a
molar extinction coefficient of 9.6 mM ! em 2.

Lipid peroxidation was assayed by determining malondialdehyde
(MDA) concentrations according to the method described by Heath and
Packer [23]. 2 mL of reaction solution (thiobarbituric acid (0.5 %) in 10
% trichloroacetic acid) were mixed with 2 mL phosphate buffer cyano-
bacterial extract, and the mixture was heated in boiling bath for 15 min.
After cooling, the mixture was centrifuged (6000 xg, 10 min) and the
absorbance of the supernatant was measured spectrophotometerically at
532 and 600 nm. The value of absorbance at 600 nm (non-specific was
subtracted from the reading recorded at 532 nm. The MDA concentra-
tion was then calculated using its extinction coefficient of 157 mM
em™L.

2.5. Determination of released exopolysaccharides

Extracellular polysaccharides (EPS, also known as released poly-
saccharides), which are secreted into the extracellular matrix or loosely
associated with the cell surface and frequently form a slime layer (bio-
film), were the focus of our study rather than capsular polysaccharides
(CPS), which are tightly and covalently linked to the cell surface and
create a capsule around the cell [24,25]. Extracellular polysaccharides
released from A. platensis cells into the culture medium under saxitoxin
stress was recovered with the method described by Parikh and
Madamwar [26]. Briefly, an aliquot of the culture medium was centri-
fuged (6000 xg, 20 min) and the resulting supernatant was filtered
through a Whatman No.2 filter paper. EPS in the filtered supernatant
was precipitated with 3 volumes of 95 % (v/v) ice-cooled ethanol for 12
h at 4 °C.The precipitated EPS was recovered by centrifugation (10,000
xg,15 min) and the supernatant was discarded. Total carbohydrates of
EPS were determined as reduced sugars analyzed by the phenol- sulfuric
acid method [27]. The sulfate content of EPS was determined after hy-
drolysis in N-hydrochloric acid 1 M at 105 °C for 5 h by the BaCl, gelatin
method described by Mousavian et al. [28]. The hydrolyzed EPS was
incubated with the reagents (3 % trichloroacetic acid and barium
chloride-gelatin) for 20 min at room temperature. The intensity of the
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color generated was measured spectrophotometrically at 360 nm. The
amount of sulfate was calculated from calibration curve using K2SO4 as a
standard. The uronic acid content of EPS was determined according to
the method of Mojica et al. [29]. Briefly, 1.2 ml of sodium tetraborate
solution (0.0125M) in concentrated sulfuric acid and 20 pL of 4 M sul-
famic acid were added to 200 pl of precipitated EPS and the mixture was
boiled for 5min in water bath. The solution was ice-cooled for 3min and
centrifuged (5000xg, 5min). Then, 20 ul hydroxyphenol solution (0.15
% v/v in 0.5 % NaOH) was added to the supernatant and the absorbance
of color generated after 4 min. was read at 520nm. The uronic acid
concentration is calculated using a calibration curve prepared from
various concentrations (0-5 pg pl 1) of D-glucuronic acid as a standard.

2.6. Detection of saxitoxin uptake into A. platensis cells

To test the STX uptake and accumulation in A. platensis cells, the
collected biomass of toxin-treated cells was washed with distilled water
and centrifuged (5000 xg, 10 min) to remove both EPS released into the
medium as well as those loosely attached to cell surfaces, and STX
adsorbed to them. The pellets were resuspended in 0.5 M acetic acid and
lysed bead beating [30]. The mixture was then centrifuged (5000 xg, 10
min) to remove cell debris, and the supernatant was diluted with ELISA
buffer and used directly in ELISA test. ELISA assay was carried out using
an Abraxis Saxitoxin ELISA kit (Abraxis LLC, United States) according to
the manufacturer's instructions. The detection limit was 0.015 pg L1

2.7. Testing the capability of polysaccharides for STX adsorption

To test the capability of extracellular polysaccharides released from
Arthrospira cells, isotherm experiments were conducted in laboratory
using the final EPS recovered from culture medium (in Section 2.5). The
experiments were carried out in 100 ml-glass bottles, each containing
50 ml Zarrouk's medium (pH 9) and supplemented with different con-
centrations of STX (0.1,1,10,50 and100 mg mL~1) and EPS at a con-
centration of 300 mg L. Two controls were used; one contained STX
solution without EPS, and another contained EPS solution with no STX.
The bottles were incubated in a thermostatically controlled shaker (200
rpm) at 30 °C for 12 h.

The Freundlich isotherm equation was used to fit the adsorption
isotherm data.

ge = KCe!/"

where ge = STX concentration adsorbed onto EPS (ug g~ 1), Ce = STX
concentration remaining in bulk solution (ug L) at equilibrium, K is
the adsorption capacity of EPS for STX, and n is the affinity of EPS to
adsorb STX. The data were plotted on logarithmic scale and the
regression isotherm coefficients were calculated.

To evaluate the firmness of STX adsorption onto EPS (i.e., reversible
or irreversible binding?), the pellets of EPS with adsorbed STX collected
from adsorption experiment were suspended in Zarrouk's medium (pH
9) and shaken at 30 °C for 1 h. The solution was centrifuged (6000
xg,15 min), and the amount of STX potentially released back into the
washing solution was determined in the supernatant by ELISA.

2.8. Statistical analysis

Statistical variance analysis of the data with three replicates between
the control and treated samples were analyzed by One-Way ANOVA
followed by a multiple comparison using Tukey-test (P < 0.05). Corre-
lations between STX concentrations in A. platensis cells and EPS con-
centrations released into the medium were measured using Spearman
rank correlation coefficients using the Excel data analysis tool.
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3. Results
3.1. Effect of saxitoxin on A. platensis growth

As shown in Figs. 1 and 2, the addition of different concentrations of
STX exhibited an inhibitory effect on the growth of A. platensis. The cell
density and dry weight of STX-treated cells of A. platensis decreased
sharply during the first 2 days of incubation period compared to control
(P < 0.05). On the third day, these growth parameters of treated cultures
increased to levels with no significant difference with that of control
culture of this cyanobacterium (Figs. 1 and 2).

Similarly, chlorophyll-a content of STX-treated cells of A. platensis
showed significant decrease (P < 0.05) compared to control during the
first 2 days of the experiment (Fig. 3). Thereafter, this pigment increased
to values close to that of control (P > 0.05).

3.2. Saxitoxin uptake into A. platensis cells

The analysis of STX in A. platensis cells revealed the presence of this
toxin in the cells at varying concentrations increasing with the initial
STX concentrations during the first two days of incubation (Table 1),
indicating the uptake of this toxins into A. platensis cells. After that, the
SXT content of the cells decreased gradually until vanished by the day 5
of incubation. This decrease in STX content of the cells correlated (r =
—0.8) with the quantity of EPS released from the cells into the culture
medium (Table 1 and Fig. 4), indicating that EPS have a potential role in
preventing STX diffusion into A. platensis cells.

3.3. Effect of saxitoxin on extracellular polysaccharides

The results shown in Fig. 3 revealed an increase in EPS released into
the medium of STX-treated cultures of A. platensis compared to control
culture. The amount of these EPS varied significantly (P < 0.05) with
increasing STX concentration in the medium (Fig. 4).

Higher concentrations of STX (10-50ugL 1) promoted the release of
greater polysaccharides into the culture medium in comparison to lower
toxin concentrations (0.5-5 pg L™1). Additionally, EPS released into the
medium of STX-treated cultures also increased along the incubation
period. The chemical analysis showed that these EPS contained high
amounts of sulfate (24.3 %) and uronic acid (15.1 %) (Table 2).

3.4. Effect of saxitoxin on lipid peroxidation and antioxidant enzymes

MDA content (as indicator of lipid peroxidation) of STX-treated cells
of A. platensis increased significantly during the first 2 days of the in-
cubation period compared to control (Fig. 5). The lipid peroxidation in
this cyanobacterium was STX concentration-dependent, where the
highest MDA content was obtained at the highest STX concentration
used in our experiments (50 pg L™1) and the lowest was recorded at the
lowest STX concentration (0.5 pg L™1). On the third day of the experi-
ment, MDA concentrations showed a significant decrease in STX-treated
cultures of A. platensis to levels close to that of control cultures (Fig. 5)
and remained at these low levels all over the incubation period. Inter-
estingly, the decrease in MDA contents corelated with the increase of
EPS concentration released into the medium (r = —0.8). Similar to lipid
peroxidation, the activity of the antioxidant enzymes, GST and SOD of
A. platensis increased in a response to STX, and that increase was toxin
concentration-dependent during the first 2 days of experiment (Figs. 6,
7). On the third day and over the course of the experiment, the activities
of these enzymes decreased and were restored to that of control culture
(P > 0.05).

The decrease in GST and SOD activities occurred after 2 days of in-
cubation and associated remarkably (r = —0.9) with EPS concentrations
released into the medium of STX-treated cultures of A. platensis.
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Fig. 1. Changes in biomass (as ODsg( absorbance) of A. platensis exposed to different concentrations of saxitoxin. Data are the means +SD of three replicates.
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Fig. 2. Changes in biomass (as dry weight, g L") of A. platensis exposed to different concentrations of saxitoxin. Data are the means +SD of three replicates.

3.5. Adsorption of STX by Arthrospira EPS

The results of adsorption isotherm experiment revealed a significant
decrease (P < 0.05) in STX concentrations in the solution containing EPS
compared to control solution not-containing EPS, indicating the ability
of these polysaccharides to bind STX onto their surfaces (Fig. 8). This
adsorption efficiency varied significantly (P<0.05) with the initial STX
concentrations (Fig. 7). The highest adsorption percentage of STX by
EPS (99.9 %) was obtained at initial STX concentration of 1 ug L’l, while
the lowest (70 %) was obtained at initial STX concentration of 100 ug
L7t (Fig. 8).

The results also showed that sorption isotherm of STX by EPS was
well fitted to the Freundlich model (Fig. 9). These EPS had higher
adsorption capacity (i.e., high k value) and intensity (i.e., low 1/n value)
for this toxin (Table 3).

Additionally, the toxin release assay demonstrated the firmness of
STX to EPS, where no STX was detected in the washing solution of EPS-
STX complex (Data are not shown).

4. Discussion

Both toxic and nontoxic species of cyanobacteria commonly coexist
and flourish in the same habitat [31,32]. However, the nontoxic species
seem to develop some strategies to confront the toxic effects of toxins
produced by toxic species. The results of present study showed that
A. platenis responded to the presence of STX by inducing the EPS pro-
duction and its releasing into the medium to hinder the toxin uptake into
the cells.

During the first two days of incubation with STX, and cell density and
chl-a content of A. paltensis were affected and significantly decreased,
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Fig. 3. Changes in chlorophyll-a content (mg g~ dry biomass) of A. platensis cells exposed to different concentrations of saxitoxin. Data are the means +SD of

three replicates.

Table 1
Changes in SXT concentrations (g g ') in A. platensis cells exposed to different
concentrations of STX for 7 days.

Incubation time ~ STX concentrations in the cells (ug g~*)

(days) Initial STX concentrations (pg L’l)

0.5 1 5 10 20 50

0 ND ND ND ND ND ND

1 0.55 + 1.3+ 5.36 9.34 + 24.2 56.4
0.1 0.2 + 0.4 1.1 +3.2 + 4.5

2 0.63 + 1.5+ 6.73 10.9 + 26.7 67.8
0.15 0.3 +0.8 2.2 + 3.9 + 5.6

3 0.23 + 0.9 + 3.7 £ 5.6 + 14.6 325
0.07 0.1 0.5 0.8 +21 + 4.7

4 0.11 + 0.24 + 1.13 211 + 4.15 8.2+
0.02 0.06 +0.2 0.06 +0.7 1.3

5 ND ND ND ND ND ND

6 ND ND ND ND ND ND

7 ND ND ND ND ND ND

ND = STX is nondebatable at the detection limit of ELISA.

but they increased again after the third day and were restored to those of
control cultures. The decrease in cell density and chl-a content of
A. paltensis during the first two days of incubation may be due to the free
radicals generated in the cells by STX, which they are well known to
reduce the cell proliferation [33] and pigment degradation [34]. Our
results supported this suggestion as the decrease in the cell density and
chl-a content was concomitant with the increase in the parameters of
antioxidant system (e.g., lipid peroxidation, GST, SOD) in STX-treated
cells of A. platensis.

This reflects that exposure to STX caused A. platensis cells to expe-
rience oxidative stress.

However, in our study, an increase in the cell density and chl-a
content accompanying with a decrease in MDA content and antioxi-
dant enzyme activities, occurred after 3 days of incubation in STX-

treated cultures and restored to the values of control cultures. Such
negative effects of STX on growth parameters and antioxidative system
of A. platensis indicate the uptake of this toxin into the cells. Such
negative effects of STX on growth parameters and antioxidative system
of A. platensis indicate the uptake of this toxin into the cells. As STX is
hydrophilic and has small molecular mass (299 Da) [35], it can cross the
outer membrane of Gram-negative bacteria) e.g., Cyanobacteria) by
passive diffusion through pores composed of ‘porin’ proteins contained
in this membrane [36]. When STX enters the cyanobacterial cell, it can
act as an inducer activating the expression of eps genes, encoding the
glycosyltransferase enzyme involved in EPS biosynthesis, leading to an
increase in EPS production. This is similar to other environmental
stresses that induce EPS synthesis genes in bacteria [37].

The results of present study also revealed a strong correlation be-
tween the reduction in ROS production and the increase in EPS released
into the medium of toxin-treated cultures. This indicates the involve-
ment of these EPS in trapping ROS produced under STX stress. However,
the rise in EPS amount released into the medium of STX-treated cultures
was correlated with the steady decline in STX concentrations in
A. platensis cells until they became undetectable at day 5 of incubation.
This demonstrates that EPS restricted the STX uptake into A. platensis
cells, ameliorating the stress caused by STX on the cells. These findings
therefore support earlier research showing that EPS has the ability to
bind toxic substances and prevent their diffusion into the cells [9,11,38].

In the present study, the results of Freundlich adsorption isotherm
parameters (i.e., adsorption capacity (k) and the affinity of the adsor-
bent,1/n) are highly correlated, indicating that STX adsorption on EPS is
favorable. The isotherm parameter values (k = 2.89, and1/n = 0.76)
obtained in our study for adsorption of STX onto EPS, can be compared
with those (3.6, 0.39, respectively) reported for STX adsorption by
activated carbon [39].

Additionally, the removal efficiency of STX at initial concentration of
100 pg L™! by EPS in our study (70 %) was higher than that achieved by
powdered activated carbon (57 %) at initial STX concentration of 1.6 pug
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Fig. 4. Changes in concentrations of extracellular polysaccharides (EPS, pg mL™!) released into the medium of A. platensis cultures exposed to different concen-

trations of saxitoxin. Data are the means +SD of three replicates.

Table 2
Uronic acid, sulfate, carbohydrate and protein contents of EPS released into the
medium of A. platensis cultures under STX stress conditions.

Carbohydrate Protein Uronic acid Sulfate

%/EPS 53.2+23 7.4+0.8 243 +1.2 15.1 £ 0.7

L~! [40]. The 70 % removal of STX by EPS indicates that each one gram
of EPS could remove 233 pg STX from water, compared to removal ef-
ficiency of 250 pg STX achieved by one gram of powdered activated
carbon [39].

The adsorption of STX by EPS may be due to the electrostatic
interaction of negatively charged groups (sulfate and uronic acid) pre-
sent on the surface of EPS with the positively charged amine groups of
STX [39]. Our results support this suggestion, as EPS released in STX-
treated cultures contained high amounts of sulfate and uronic acid
(Table 2). Other studies also reported that uronic acids and/or sulfate
esters confer a negative charge to polysaccharides, providing them
distinctive feature for binding cations particularly heavy metals [41].
Recently, Olan et al. [42] also demonstrated the sorption of STX onto the
polysaccharide carrageenan with high sulfate content. In comparison,
the maximum STX adsorption capacity of our EPS released by A. platensis
(125.7 pg g~1) is much higher than the STX adsorption capacity (1.3 pg
g~ 1) of carrageenan [42]. Moreover, the binding of STX to EPS was very
stable, as none of STX adsorbed onto EPS released into the washing

solution. This trait opens the possibility of using these polysaccharides
as chelating agents for bioremediation purposes and removing saxitoxin
and other positively charged cyanotoxins in drinking water treatment
plants.

5. Conclusions

The present study provided evidence that A. platensis growing in STX-
treated cultures synthesized and released higher amounts of EPS than in
control cultures to avoid STX toxicity.

Interestingly, this cyanobacterium survived the toxin stress simul-
taneously with the release of EPS into the medium and recovered its
growth and antioxidative parameters to control levels, with no STX
identified in the cells. This indicates that A. platensis employed EPS to
create a defense mechanism to restrict STX uptake into its cells. The k
and n values obtained from our isotherm experiments confirmed the
ability of EPS released by A. platensis to adsorb STX onto their surfaces,
with adsorption capacity comparable with that of activated carbon.
Owing to such binding ability and their biodegradability and nontoxicity
[43,44], these EPS could be recommended as ecofriendly adsorbent for
saxitoxin and other positively charged cyanotoxins in drinking and
wastewater water treatment plants. However, further studies should be
undertaken to investigate the capability of these EPS for removing
cyanotoxins under in situ conditions (i.e., water treatment plants).
Moreover, the induction of EPS by A. platensis in the presence of STX
could increase the safety of growing this cyanobacterium for mass
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production in outdoor lakes and ponds possibly containing toxic cya- A. platensis can also be utilized as a source of EPS for biotechnological
nobacteria. Being secreted extracellularly and loosely attached to cell uses.

surfaces, these EPS with adsorbed STX can be easily extracted and

separated from the cells to yield harvested biomass free of cyanotoxins.
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