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ABSTRACT

Microcystins (MCYST), common cyanobacterial hepatotoxins, have been observed in the Patos Lagoon and the estuary over
the last three decades. Anthropogenic pollution associated to the environmental features has promoted the frequent occurrence
of cyanobacterial blooms in this environment. The present work aimed to evaluate the MCYST uptake by the filter-feeding
mollusk Mesodesma mactroides Deshayes, 1854, which occurs in the nearby coasts of the Patos Lagoon estuary, Brazil.
Bioassays were carried out using the toxic strain Microcystis aeruginosa RST9501, isolated from the Patos Lagoon estuary.
Clams were exposed to live cells of this toxic cyanobacterium for 12 days, taking up MCYST to a maximum of 5.27+0.23 ug
MCYST.g" (dry hepatopancreas weight). Since several blooms reaching the Patos Lagoon estuary and the nearby areas are
observed, these results indicate that the toxins from M. aeruginosa blooms can be accumulated by this filter-feeding animal,
making it a potential vector to the local trophic web.
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RESUMO
Retencao de microcistinas pelo marisco Mesodesma mactroides (Bivalvia, Mactroidea)
As microcistinas (MCYST), hepatotoxinas produzidas por cianobactérias, tem sido encontradas na Lagoa dos Patos e seu
estuario ao longo dos ultimos trinta anos. A poluigdo antropogénica associada com as caracteristicas ambientais locais tem
favorecido a ocorréncia de floragbes de cianobactérias nesse ambiente. O presente trabalho teve como objetivo avaliar a
assimilagdo de MCYST pelo molusco filtrador Mesodesma mactroides Deshayes,1854, que ocorre na costa adjacente ao
estuario da Lagoa dos Patos, Brasil. Experimentos em laboratério foram realizados utilizando uma cepa téxica da espécie
Microcystis aeruginosa RST9501, isolada do estuario da lagoa dos Patos. Os mariscos foram expostos a células vivas da
cianobactéria téxica durante 12 dias, apresentando um valor méaximo de retencdo de 5,27+0,23 pg MCYST.g" (peso seco do
hepatopancreas). Uma vez que diversas floragdes contendo M. aeruginosa atingindo o estuario da Lagoa dos Patos e areas
costeiras sdo observadas, os resultados indicam que essas toxinas, comuns nessas floragdes, podem ser acumuladas por
esse animal filtrador, tornando-o um potencial vetor para a teia tréfica local.
PALAVRAS CHAVE: Lagoa dos Patos, Microcystis, microcistina, Mesodesma, bioacumulagéo.

INTRODUCTION

Microcystins (MCYST), common cyanobacterial
hepatotoxins, inhibit protein phosphatases enzymes
PP1 and PP2A and induce oxidative stress in different
organisms as macrophytes, polychaetes, crab and
fish, causing cell damage (Pflugmacher, 2004; Dewes
et al., 2006, Pietro et al., 2006, Leéo et al., 2008).

Anthropogenic  pollution  has  promoted
cyanobacterial toxic blooms in water bodies
worldwide.  Several blooms containing toxic
Microcystis aeruginosa cells, able to produce MCYST,
have occurred in the Patos Lagoon (Southern Brazil)
over the last three decades with effects on the aquatic
life. Alterations of biochemical and physiological
parameters in several aquatic organisms have been
observed (Yunes et al., 1998; Pinho et al., 2005; Rosa
et al., 2005; Dewes et al., 2006, Ledo et al., 2008).

The Patos Lagoon (30°20’S to 32°10'S) is the
second largest inland water body in Brazil and the
largest lagoonal complex in South America. Along its
margins more than three million inhabitants live in
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several cities and villages, using its waters as a
domestic supply and for leisure, fisheries, agriculture,
navigation and as a final recipient of domestic and
industrial sewage (Yunes et al., 1998).

M. aeruginosa occurs in the Patos Lagoon
estuary during all over the year, especially in summer
and spring, when blooms are common events.
Frequently, cyanobacterial blooms from the Patos
Lagoon reach the estuary and the nearby seacoast
(Matthiensen et al., 1999).

Shellfish can filter large volumes of waters
containing toxic substances leading to uptake and
accumulation of toxins. Previous studies have
observed that cyanotoxins do not cause toxic effects
in filter-feeding mollusks, which make them a
consumption risk (Vasconcelos, 1995;
Christoffersen, 1996; Williams et al., 1997; Amorim e
Vasconcelos, 1999).

Mesodesma mactroides Deshayes, 1854 is
endemic in the Atlantic coast of South America,
occuring from llha Grande (23°S, Rio de Janeiro
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state), Brazil, to the Rio Negro mouth (41°S, province
of Buenos Aires), Argentina. This clam can reach a
length of 80 mm diameter and it is frequently found
buried in the beaches nearby to the Patos Lagoon
estuary (Mar Grosso and Cassino beaches). It is used
as food resource and as bait for fisheries (Rios, 1994).

The present work aimed to evaluate the MCYST
uptake capacity by the yellow clam M. mactroides and
detect its potential as vector and/or indicator of
cyanotoxin bioaccumulation in the food web.

MATERIAL AND METHODS
Sampling of clams

Specimens of M. mactroides (n=150) were
collected in the Mar Grosso beach (Brazil) (Figure 1)
using a shovel and immediately transferred to the
laboratory. The organisms were adapted to the
laboratory conditions for 92h in a tray containing 10
Kg of autoclaved beach sand and 20 L of filtered (300
pm mesh) marine water at laboratory temperature and
photoperiod. An air pump was kept during the
acclimation period. The average diameter of the
organisms was 20.85+7.43 mm (Figure 2).
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Figure 1: Location of the sampling area in Brazil.

80

doi: 10.5088/atl. 2010.32.1.79

Atlantica, Rio Grande, 32(1) 79-85, 2010.



MCYST UPTAKE BY THE CLAM M. MACTROIDES

"l .;-"J’:‘
el

<
sy

v

& =20 mm

Figure 2: Mesodesma mactroides

Accumulation experiment

Cells of a toxic M. aeruginosa strain (RST
9501) isolated from the Patos Lagoon (Matthiensen et
al., 2000) were cultured in modified BG-11 medium
(Rippka et al, 1979) and employed as source of
MCYST. According to Matthiensen et al. (2000), [D-
Leu'IMCYST-LR is the major MCYST variant produced
by this Microcystis strain. This variant presented an
LDs, value of 71 ugkg', while MCYST-LR and
MCYST-RR presents LDg, values of 50 and 320 pg.kg™,
respectively, in mouse bioassay (Chen et al, 2006).

A Dbioassay using two constant densities
(treatments) of live Microcystis cells was carried out on
a daily water exchange basis. During the experiment,
an air pump was kept in each tank in order to maintain
the water oxygenation. For the MCYST contents
analysis, the organisms were removed from their shells
and the hepatopancreas were separated, weighed (wet
weight) and frozen (for unsettled time).

The experiment was carried out in three
separated tanks with 2 kg of autoclaved beach sand
and 3 L filtered (300 um mesh) marine water at
laboratory temperature and photoperiod. Thirty
organisms were distributed in each tank. Every day
Microcystis cells were added after water renovation.
Three groups were tested: The first group received a
cellular density of 1 x 10° Microcystis cells.L”
(Treatment 1), reaching 0,4+0,04 ngCYST.L'1 ; the
second group received a density of 10 x 10°
Microcystis cells.L”' (Treatment 2), reaching 0,7+0,08
HgMCYST.L"; the third group was the control
(absence of Microcystis cells). At each three days,
three random organisms and 1.5 ml of water sample
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were taken from each tank. The experiment was
carried out for 12 days.

Microcystins extraction and analysis

MCYST extraction followed an adaptation of the
method described by Magalhdes et al. (2001). Each
hepatopancreas was freeze-dried, ground and weighed
(dry weight). Fifteen mL of methanol was added to
each hepatopancreas powder, which were kept for two
hours in an orbital shaker at 80 rpm, and 15 hours at
4°C. Later, samples were centrifuged (Hermle, Labnet
323) at 5,000 x g during 20 minutes. The supernatants
were removed and added to separation funnels and the
pellets were re-extracted in 15 mL of methanol and
again centrifuged at 5,000 x g during 20 minutes. The
new supernatants were added to the previous (in the
funnel) and 30 mL of hexan was added. After 5
minutes, the methanolic fractions were evaporated in a
rotatory evaporator at 55-60 °C and re-suspended in 1
ml of ultrapure water (MilliQ). The hexanolic fractions
were discharged. The aqueous fractions were
centrifuged at 12,000 x g (Eppendorf centrifuge 5415
C) during 10 minutes and the supernatants were used
for the toxins analysis using an enzyme-linked
imunossorbent assay (ELISA) kit with a detection limit
of 0.1 to 5.0 ppb (ABRAXIS, USA).

The water samples were sonicated during 3
minutes for cells rupture, centrifuged at 12.000 x g
(Eppendorf centrifuge 5415 C) during 10 minutes and
the supernatants were used for the MCYST analysis
using the ELISA kit described above.
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Microcystins contents calculation
MCYST values in the clam’s hepathopancreas
were converted to pg.g™ as following:
([Mm ugﬂJ
p DHW (g)
[MC]ug.g™ = oo
Where:
[MCYST] ug.g" = MCYST concentrations in 1 g
dry hepatopancreas weight;
[MCYST] u.L" = MCYST concentrations in 1
liter of the hepatopancreas extract;
DHW (g) = dry hepatopancreas weight.
Data were subjected to the factorial ANOVA
(0=0.05) followed by the Tukey HSD test (post-hoc).

RESULTS

M. mactroides shows tolerance to the laboratory
conditions, presenting low mortality rate (13%), which it
(mortality) was not related to the toxin exposure.

MCYST concentrations in the water samples
have been constant along the experiment in both
treatments 1 and 2 (0.4+0.04 and 0.710.08 pug
MCYST.L", respectively). A small amount of MCYST in
the water of the control tank (0.1+0.03) pg MCYST.L",
was observed and was constant during the experiment.

Figure 3 shows an increase of the MCYST
contents in the hepatopancreas of the organisms
exposed to both treatments 1 and 2, during 12 days
exposure time.
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Figure 3: Mycrocistin (MC) contents (ug) in 1 g dry hepatopancreas weight (DHW) of the control organisms and the
organisms exposed to 1 x 10% and 10 x 10° live Microcystis cells.L™" (treatment 1 and 2, respectively) during 12
days exposure time. Data are expressed as mean + standard error. Similar letters indicates absence of statistical

significance (p=0.05)

The occurrence of small amounts of MCYST in
both, water and organisms of the control tank,
indicates a possible contamination source or a false
positive presented by the enzymatic assay used in the
MCYST analysis. However, MCYST contents in the
control organisms did not show significant differences
during the experiment

In the control organisms, factorial ANOVA
followed by the Tukey HSD test have shown that there

82

doi: 10.5088/atl. 2010.32.1.79

were no significant differences among the MCYST
concentration averages, during the experiment. Only
at the beginning (until 3 days exposure time) the
MCYST values in the control organisms and in the
organisms exposed to treatments 1 and 2 were
statistically similar. After 3 days exposure time, a
gradual increase of the MCYST contents was
observed in the organisms exposed to treatment 2.
The results showed no difference of the MCYST

Atlantica, Rio Grande, 32(1) 79-85, 2010.



contents in the organisms exposed to treatment 1 until
6 days exposure time, after, a gradual increase was
observed. Differences between MCYST concentrations
average were considered significant when p<0.05 and
the 95% confidence limits did not overlap.

DISCUSSION

The mortality rate of M. mactroides in the
laboratory was low (13%), and it was not associated
to the presence of MCYST since the rate was
measured using dead organisms of all treatments and
there was not a correlation among them.

The experiment was carried out for 12 days,
which was enough to show MCYST uptake and
accumulation by the clam. Williams et al. (1997),
Amorim & Vasconcelos (1999) and Yokoyama & Park
(2002) suggested that the shellfish health is not
affected by MCYST, becoming a vector of cyanotoxins
to the following trophic level.

MCYST contents in the control organisms were
constant during the accumulation process. MCYST
contents in the control tank (which received the same
treatment except for the Microcystis cells addition)
indicated a possible contamination source. This may
be due to the water used in the daily exchange or due
the aeration spray generated by the air pumps, since
the tanks were kept side by side. A possible false
positive generated during the MCYST analysis cannot
be rejected. The ELISA kit have a high sensitivity level
and such commercial kits are susceptible to methanol,
salinity, pH, plasticware and cyanobacterial extract
interferences (Metcalf et al. 2000).

A few studies reported M. mactroides biology and
ecology. Studies using M. mactroides are scarce since
this species only occurs in the Atlantic coasts of South
America. According to Céardenas et al (1994), M.
donacium is an efficient indicator of heavy metals levels.

Some authors showed that MCYST is
accumulated in tissue of aquatic organisms. Pires et
al. (2004) showed the assimilation and depuration
dynamic of MCYST in the filter-feeding mollusk
Dreissena polymorpha. Xie et al. (2007) observed
MCYST accumulation in various organs of the
freshwater snail Sinotaia histrica. In a review, Ibelings
& Chorus (2007) have shown accumulation of
cyanobacterial toxins in “seafood” collected from
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freshwater and coastal areas, which include fish, snalil,
bivalve, crab, shrimp, etc. Lance et al. (2008) observed
the increase of MCYST contents in the gastropod
organism Potamopyrgus antipodarum exposed to oral
ingestion of toxic Planktothrix agardii. Deblois et al.
(2008) have shown MCYST accumulation in different
tissues (liver and muscle) of tilapia fish.

In this work, it has been observed an
accumulation of MCYST in the clams exposed to both
treatments (1 and 2) during the test. The organisms
exposed to the treatment 2 have taken up more
MCYST than the organisms exposed to the treatment
1. These results indicate a relationship between the
amount of MCYST available in the environmental
water and the amount of MCYST which has been
taken up by the shellfish.

The capacity to accumulate toxic substances
(toxins, metals, etc.) by filter-feeding organisms,
especially bivalve mollusks, is well known. Filter-
feeding organisms retain suspension material taking
up toxic substances, leading to accumulation. Some
syndromes known as PSP (Paralytic Shellfish
Poisoning), NSP (Neurotoxic Shellfish Poisoning),
ASP (Amnesic Shellfish Poisoning) and DSP
(Diarrheic Shellfish Poisoning) have been reported in
populations that use shellfish as food source (Backer
et al., 2005). Thus, toxic substances become available
in the trophic web making filter-feeding organisms a
consumption risk (Christoffersen, 1996).

Blooms of Microcystis reaching the estuarine
areas have become a feature in the Patos Lagoon.
Total MCYST concentrations in the estuarine surface
water have varied in a very wide range of values (from
trace to several miligrams per liter), being strongly
influenced by the occurrence of cyanobacterial biomass.

The yellow clam is consumed by human and
several species of birds and fishes that are also part of
the human food web. Vasconcelos (1995) reported that
96% of the total MCYST in mussels are in the digestive
tract and suggest that a consumption of 625 g total wet
weight of the mussel Myftilus galloprovincialis, used in a
MCYST accumulation bioassay, represents an ingestion
of 250 ug MCYST, considering that the organisms took
up MCYST to a maximum of 10.5 pg MCYST.g"(dry
weight) (highest value). The highest value observed in
this work was 5.27+0.23 pg MCYST.g' (dry
hepatopancreas weight), which is equivalent to 1.0 ug.g™
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(wet hepatopancreas weight) considering that the dry
hepatopancreas weight average was 0.01+£0.05 g and
the wet hepatopancreas weight average was 0.06+0.03
g. Thus, according to this work, considering that the total
wet weight average of the clams was 0.30£0.13 g, a
consumption of 625 g total wet weight represents an
ingestion of 112 pg MCYST. Bartram et al (1999)
recommend a daily intake limit of 0.045 ug MCYST per
Kg of a person. Thus, for a 70 Kg person the daily intake
limit is 3.15 ug MCYST, and a consumption of 17.5 g
total wet weight of this clam is enough to reach such
limit.
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