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ABSTRACT: Release of organic carbon by cells of Microcystis aeruginosa in cultures under different
irradiances. Microcystis aeruginosa is, nowadays, one of the most studied cyanobacteria
due to its potential of toxic bloom formation and production of great quantities of organic
matter in the water column. Once a bloom is formed, cells of M. aeruginosa, due to the
presence of gas vesicles, can float reaching the water surface, becoming exposed for
long periods to high irradiances. This exposure can injure the cells, inducing the release
of dissolved organic matter (DOM), this harm being even more accentuated with aging of
the cells. The aim of this work was to investigate the effect of exposure to different
irradiances in cells of M. aeruginosa, isolated from Barra Bonita Reservoir, Tietê River - SP.
The relationship between the photosynthetic rate and light intensities were obtained for
cultures at two ages (8 and 20 days), using the 14C method. Also, the rates of total
fixation and release (absolute and relative) of carbon, and analysis of released carbohydrates
and molecular weight distribution of DOM as a function of the irradiances were performed.
Carbon fixation by M. aeruginosa as a function of the irradiances were quantified (as
DPM) showing that there was no photoinhibition, even when the cells were exposed to
high irradiances as 2000 µmol m-2s-1. The rates of DOM released, even in the older culture
cells, were surprisingly low and directly proportional to the photosynthesis rates in all
i r radiances tested. Older cel ls released higher quanti t ies of high-molecular -weight
compounds, including carbohydrates, whereas the younger ones released low-molecular-
weight compounds, including carbohydrates. Chlorophyll-a concentrations indicated a
slight photooxidation or photoaclimatation in the cells at the beginning of the stationary
growth phase of the culture.
Key-words: Microcystis aeruginosa, irradiance, fixation and release of carbon, extracellular
carbohydrates.

RESUMO: Liberação de carbono orgânico por células de Microcystis aeruginosa em cultura sob dife-
rentes irradiâncias. Microcystis aeruginosa é, atualmente, uma das cianobactérias mais
investigadas devido ao seu potencial de formação de florescimentos tóxicos e à produ-
ção de grandes quantidades de matéria orgânica na coluna d’água. Uma vez formado o
florescimento, as células de M. aeruginosa, devido ao fato de poderem produzir vesículas
de gás, podem flutuar e se posicionar à superfície e conseqüentemente ficar expostas
por longos períodos a altas intensidades de luz, o que pode causar danos às células
fazendo-as liberar matéria orgânica dissolvida (MOD). Esses danos tornam-se mais acen-
tuados com o envelhecimento das células. O objetivo deste trabalho foi estudar o efeito
da exposição a diferentes irradiâncias de células de culturas em fase exponencial e
início da fase estacionária do crescimento (8 e 20 dias) de Microcystis aeruginosa, isola-
da do Reservatório de Barra Bonita, Rio Tietê, SP. A metodologia utilizada foi a do 14C,
quantificando-se também as taxas de fixação de carbono total (em DPM) e de excreção
relativa e absoluta, análises de carboidratos liberados e distribuição de massa molecular
da MOD liberada em função da irradiância. Medidas de assimilação de carbono em função
da irradiância não evidenciaram a ocorrência do fenômeno da fotoinibição, mesmo quan-
do as células foram expostas a 2000 µmol m-2s-1. As taxas de excreção de MOD, mesmo
nas células da cultura mais velhas, foram surpreendentemente baixas e diretamente
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proporcionais às taxas de fotossíntese em todas as irradiâncias testadas. Entretanto,
células da cultura mais velha liberaram maiores quantidades de compostos de alta massa
molecular, incluindo carboidratos, enquanto as da cultura mais nova liberaram compostos
de baixa massa molecular, incluindo carboidratos. O decréscimo na concentração de
clorofila-a fornece indícios de ligeira fotooxidação ou fotoaclimatação em células no
início da fase estacionária.
Palavras-chave: Microcystis aeruginosa, irradiância, f ixação e l iberação de carbono,
carboidratos extracelulares.

Introduction

Microcystis aeruginosa is, nowadays, one of the main microalgae, or cyanobacteria,
investigated as shown by phycological and sanitation literature, and even newspapers
due to the problems caused by its toxic blooms. They are also in focus due to the fact
that besides being very common in eutrophic and hypereutrophic waters throughout the
world, they can cause serious problems due to its toxins which under certain circumstances
can be lethal to people (Jochimsen et al., 1999). There are, therefore, considerable amounts
of ecological and physiological data on this species. In fact, there are many works dealing
with the effect of some environmental factors like irradiance, temperature and nutrients,
which can influence the development of blooms, cell fluctuation, photosynthesis and
other aspects of growth (Paerl, 1983; Paerl et al., 1985; Ibelings, 1992; Ibelings & De
Winder, 1994; Klemer et al., 1996; Brookes & Ganf, 2001; Brookes et al., 2003).

Cells at the beginning of bloom formation in the lower portions of the euphotic
column and which were also adapted to low irradiances can quickly be exposed to high
irradiances, due to the presence of gas vesicles, which allow them to float (Fogg, 1969)
and reach the water surface. The sudden exposure of the phytoplanktonic organisms to
irradiances higher than those they are adapted to, can lead to the phenomenon of
photoinhibition (Powles, 1984; Ibelings, 1996). This would be more critical in tropical and
sub-tropical areas, during bright days, both in winter and summer, when the cells can be
exposed to irradiances reaching up to 2000 µmol photons m -2 s -1 for several hours. In
other words, a chronic photoinhibition can be settled up, injuring the cells (Ibelings,
1996). The high irradiances can cause irreversible photooxidation which might be involved
in the sudden die-off observed in cyanobacterial blooms in nature (Abeliovich & Shilo,
1972; Eloff et al., 1976). Considering that the biomass of the blooms of M. aeruginosa is
usually great, the release of DOC will be large, despite the irreversibil ity of injuries
caused by photooxidation. This means a great potential of disturbance of physical and
chemical properties of water, yet it also means that if the waterbloom is toxic, toxins will
be directly released in the water (Charmichel, 1993).

Taking into consideration that the blooms of M. aeruginosa are ubiquitous and very
common in eutrophic environments of tropical areas, the aim of this work was to verify if
the cells of M. aeruginosa undergo damage which induces them to release dissolved
organic matter when exposed to high irradiances such as those found during bright days.

Material and methods

Microcystis aeruginosa Kütz. (Cyanophyceae) was isolated (strain BB012) from the
eutrophic Barra Bonita Reservoir (20o 31’S; 48o 32’W), formed mainly by the rivers Tietê
and Piracicaba. Tietê River receives a large part of São Paulo City waste waters. This
cyanobacteria is maintained at the Freshwater Microalgae Culture collection (WDCM 785)
at the Botany Department of the Federal University of São Carlos. Stock batch cultures
were cultivated in glass carboys of 2.5 liters using medium ASM-1 (Gorham et al., 1964) at
23 ± 1o C. Cells were growing up in an unicellular way, not gathered in colonies. Stock
batch cultures were kept under continuous aeration by gentle bubbling with filtered and
moist air. Irradiance (E) of 150 µm photons m-2 s -1 was provided by 40 W fluorescent tubes
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in a 12:12 h light-dark cycle. The cultures were not axenic but bacterial contamination monitored

by ASM-1 medium plus peptone and glucose added at concentrations of 250 mg l-1 showed

that the bacterial abundance was always very low.

Experimental procedure
An exponentially growing culture (8 days old) and other at the beginning of stationary

growth phase (20 days old) were used in the experiments in which the cells were exposed

to different irradiances. The values of irradiance were chosen based on the irradiance

values frequently found in Barra Bonita Reservoir during shining summer days (without

clouds): 1800 to 2050 µm photons m -2 s -1. In these conditions in the euphotic column of

Barra Bonita reservoir 1.0 % of the incident light on the surface is usually found at 5.0 m

depth. Nine irradiances levels (0, 65, 135, 200, 300, 530, 760, 1200, and 2000 µm photons

m-2 s -1) were obtained by combining neutral black cloth filters placed between the incubated

flasks and the light source. The cells were exposed to a light source of 500 W halogen

lamps, in 70 ml fulfilled flasks which were submerged in a running water system at a

temperature of 23°C, stabilized using a thermostatic bath. The experiment was carried

out in a glass device with nine interconnected boxes, one for each irradiance value. To

each irradiance, 220 ml of M. aeruginosa culture at a specific age were inoculated with

NaH14CO3 (10 mCi/250 ml) and then subdivided into three replicate-flasks of incubation.

The flasks were incubated during four hours from 10 a.m. to 2 p.m. and shaken by hand

every 15 minutes. After incubation, 10 ml (two replicates) of culture from each flask were

filtered on 47 mm diameter and 0.45 µm pore size acetate membranes (Sartorius) at a low

vacuum pressure (24 cm Hg). The filtrates were acidified to pH 3.0, bubbled with filtered

air for 40 minutes to eliminate inorganic 14C, and then adjusted to pH 7.0. The membrane

filters and 8 ml of each filtrate (three replicates) were placed into glass vials with 10 ml of

liquid scintil lation cocktail to quantify particulate labeled organic carbon (PO 14C) and

dissolved labelled organic carbon (DO14C), respectively. Different cocktails were employed

for each type of sample: toluene + Renex-95 ä (Atlas Corporation) (7:6 v/v) + 150 mg-1 dimethyl

POPOP {1,4-bis[2-(4-methyl-5-phenyloxazole)]-benzene} + 3.0 g l -1 PPO (2.5 diphenyloxazole)

for the aqueous samples and toluene + Renex-95 (2:1 v/v) + 150 mg l -1 dimethyl POPOP +

3.0 g l -1 PPO for the filters. The use of different Renex-95/toluene mixtures was required

because 7:6 v/v results in a more stable emulsion, making it more effective for aqueous

solutions. Renex-95 is a nonyl-phenol with an average number of nine ethylene oxide

units molecule -1. Sample radioactivity was determined using a Packard (Downers Grove,

I l l inois)  Tr icarb 1550 l iquid scint i l lat ion counter.  Absolute counting eff ic iency was

determined by automatic external standard channels ratio quench correction, as the

composition of samples was constant. Such standardization is performed by the scintillation

counter through γ-irradiation of the samples by an external source (133Ba, 20 µCi) followed

by an automatic counting eff iciency determination. Chlorophyll -a concentration was

determined spectrophotometrically according to the method described in Talling & Driver

(1963) using 90% acetone for extraction at temperature of -5o C. A saturating irradiance

(Ek) was calculated as described by Talling (1957).

Molecular weight fractionation
Filtrates (40 ml) were concentrated four times under vacuum using a Büchi Mod 461

rotary evaporator at 40oC and submitted to gel filtration for molecular weight fractionation

in a Frac 200 (Pharmacia, Upsala, Sweden).  Samples of concentrated fi ltrates (5 ml)

were loaded onto a Sephadex G-100 (Pharmacia, Upsala, Sweden) gel filtration column
(69 x 1.5 cm). The samples were eluted with 1-butanol:water (1:50, v/v) using a flow of

12 ml h -1, and fractions of chromatographed samples (2.0 ml) were collected to determine

the radioactivity (DPM) and carbohydrate content by the method of Dubois et al. (1956).
Nomenclature and definitions of photosynthetic parameters are according to Sakshaug et

al. (1997). Hence, the former Ik, light saturation parameter [Ik - Pmax / a = 1(d
PSH

 t)], here is represented
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by Ek; the former PFD, photon flux density, by E = irradiance (µ mol photons m-2 s -1). Other

parameters cited are: km = Pmax/2; Pmax = mgC(a) L
-1 h-1; P*max = mgC(a) mg chl-1 h-1

 (a) = DPM in this
work).

Results

Fig. 1 and 2 show the total 14C fixation (in DPM), under different irradiances, by the
exponential ly growing culture (named 8 days old culture) and in the beginning of
stationary growth phase (named 20 days old culture) of M. aeruginosa, respectively,
without any sign of occurrence of photoinhibition, even under irradiances as high as
2000 µm photons m -2 s -1. For the 8 and 20 days old cultures, the values of Ek (saturant
irradiance) were 507 µm photons m -2 s -1 and 464 µm photons m -2 s -1 and the irradiances
at  Km were 208 µm photons m -2 s - 1  and 204 µm photons m -2 s -1, respectively. High E k

values found in this work are consistent with these obtained by Paerl et al. (1985) for
cultures and natural populations of M. aeruginosa.

0 500 1000 1500 2000
-10000

0

10000

20000

30000

40000

50000

60000

70000

Data: Data1_B
Model: Hyperbl
Chi^2 = 16279673.24934
P1 71547.60338 ±1996.21442
P2 208.24215 ±19.75871

D
P

M
 . 

m
L-1

Irradiance (µmol.m-2.s-1)

Figure 1: Total photosynthet ic assimilat ion of 14C (DPM ml - 1)  by cel ls of  M. aeruginosa  at exponential

growth phase cul ture (8 days) ,  af ter  4 hours of  incubat ion as a funct ion of  the i r radiance

(µmol photons m - 2 s - 1) .
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Figure 2: Total  photosynthet ic assimi lat ion of  14C (DPM ml - 1)  by cel ls of  M. aeruginosa at  stat ionary

growth phase culture (20 days),  after 4 hours of incubation as a function of the irradiance

(µmol photons m - 2 s -1) .
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In the 8 days old culture, the initial chlorophyll-a concentration (the same found in
cells exposed to darkness) did not vary (0.1471 ANOVA) in any irradiance tested during
the four-hour period of exposure (Fig. 3) .  However, a 14.5% decrease in the init ial
chlorophyll-a concentration (0.41888 mg l-1, 0.0011 ANOVA) in 20 days old culture exposed
to 1200 µm photons m -2 s -1 and 29.5% at 2000 µm photons m -2 s - 1  are indications that
these cells were under light stress. When the values of the particulate fraction of the
fixed 14C (more than 99% of total fixation) are normalized to the chlorophyll-a data, the
photosynthesis rate of cells of the 20 days old culture were reduced to around 19%of that
obtained for 8 days old culture. Also, the P*max was 255,1 and 48 DPM mg chlorophyll -1 h-1 to
8 and 20 days old cultures, respectively (Tab. I ) .  Since this reduction occurs at all
irradiances we can deduce that this reduction due to the effect of aging.

E Total 14 C PO14C DO14C.mg chl.-1.h-1 % P*max 
 8-day 

cells 
20-day 
cells 

8-day 
cells 

20-day 
cells 

8-day 
cells 

20-day 
cells 

8-day 
cells 

20-day 
cells 

8-day 
cells 

20-day 
cells 

2000 62978 56466 62694 56032 4599,7 1469,7 0.45 0.76  255  48 

1200 57583 62938 57316 62442 4322,7 1383,5 0.46 0.78   

800 59129 58519 58724 58109 6555,9 948,8 0.68 0.70   

500 58096 52108 57747 51741 5656,2 938,3 0.60 0.70   

300 44054 46487 43682 46257 6023,5 521,7 0.84 0.49   

200 33506 33331 33251 33169 4117,5 372,1 0.75 0.48   

120 23088 21075 22869 20947 3545,6 312,1 0.94 0.60   

60 14323 13070 14154 12934 2730,8 318,6 1.17 1.04   

0 174 508 159 485 245,3 53,6 8.68 4.41   

 

Table I :  Va lues  o f  t es t ed  i r r ad i ance  (E  =  µmol  pho tons .m - 2 . s - 1 ) ;  t o t a l  f i x e d  l a b e l e d  o r g a n i c  14 C ;

p a r t i c u l a t e  l a b e l e d  o r g a n i c  1 4 C  ( P O 1 4 C ) ;  r e l e a s e d  d i s s o l v e d  o r g a n i c  1 4 C  n o r m a l i z e d  t o

chlorophyl l   (DO14C = DPM /mg chlorophyll ) ;  relative amounts of released DO 14C (%); and P*max ,

obtained at 2000 µmol photons.m - 2 .s - 1 (DPM of DO 14C.mg chlorophyl l -1.h -1) .

Figure 3: Chlorophyll -a concentration (mg ml -1)  of  cel ls of  M. aeruginosa  at exponential  growth phase

(8 days), and stationary growth phase (20 days) cultures, after 4 hours of exposition to different

i r radiances (µmol photons m - 2 s -1) .

The quantity of DO14C released by the cells of both ages was surprisingly low in all
irradiances, not exceeding 1% of the total fixed 14C (Fig. 4 and Tab. I). When the values of
DOC 14C  are normalized to the chlorophyll-a data (Fig. 4b), they show to be approximately
proportional to the total assimilation. However, an increase in relative and absolute
quantit ies of DOM 14C released by 20 days old culture at high irradiances also may
indicate that cells could have been under l ight stress. The high values of  re lat ive
quantities of DOM 14C released found in the samples that were kept in the darkness
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and at 60 µm photons m-2 s -1 are due to very low rate of total assimilation, increasing the
relative values of the very low absolute values of background DPM.
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Figure 4:  a )  R e l e a s e d  d i s s o l v e d  o r g a n i c  c a r b o n  i n  D P M  n o r m a l i z e d  t o  c h l o r o p h y l l - a  ( D P M . m g

chlorophy l l -a  . - 1 ) ;  b )  Absolu te  d isso lved organic  carbon (DPM ml - 1 ) ;  c )  Par t icu la te  carbon

ass imi la t ion normal ized to  ch lorophyl l -a (DPM mg ch lorophyl l - 1 - a ) .

The resulting fractions from the molecular weight fractionation of DO14C released by
the 20 days old culture, when quantified by radioactivity (DPM) (Fig. 5a, b), show high-
molecular-weight compounds released next to the void volume (≥100 kd) (ve/vt = 0.27)
with the highest concentrations under higher irradiances (500 - 2000 µm photons m -2 s -1).
Inversely, in the 8 days old culture (Fig. 6a) under high irradiances, the low-molecular-
weight compounds were predominant (ve/vt = 0.73).

The phenol-sulfuric acid method (Dubois et al., 1956), which was applied to all
fractions, shows the occurrence of carbohydrates in both the high-molecular-weight
fraction and in the low-molecular-weight one at both ages (Fig. 6a and b). However, in
the matter released by the 20 days old culture, the high-molecular-weight carbohydrates
were predominant (ve/vt = 0.27) in irradiances from 200 to 2000 µm photons m -2 s - 1,
while in 8 days old culture the low-molecular-weight carbohydrates were predominant
(ve/vt  = 0.73)  under a l l  i r radiances,  in a s imi lar  pat tern obta ined wi th the DO 14C
measurements. Moreover, in the 20 days old culture exposed to high irradiances, the
high-molecular-weight carbohydrates predominated, while in the 8 days old culture, the
low-molecular-weight ones were predominant.
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Figure 5: Rad ioact iv i ty  (DPM ml - 1)  o f  e lu ted f rac t ions (2 .0  ml )  o f  concent ra ted DO 14 C re leased a f te r

4 hours of exposition to different irradiances. The fractions were obtained by permeation in

Sephadex G-100 gel column (69 x 1.5 cm). Elution (12 ml h-1) was carried out on 1-butanol: water

(1: 50 v/v). a) exponential growth phase (8 days); b) stationary growth phase (20 days).

. . . . . . . . . . . . . . . . . .
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Figure 6: Carbohydrate (absorbance at 487 nm after phenol-sulfuric reaction) on eluted fractions (2.0 mL)

of concentrated DO14C released after 4 hours of exposition to different irradiances. The fractions

were obtained by permeation in Sephadex G-100 gel column (69 x 1.5 cm). Elution (12 ml h -1)

was carried out on 1-butanol: water (1: 50 v/v). a) exponential growth phase (8 days); b) stationary

growth phase (20 days).

. . . . . . . . . . . . . . . . . .
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Discussion

The highest values of P*max obtained at 2000 µm photons m -2 s -1 and the fact that

there was nei ther a photoinhibi t ion on the carbon f ixat ion nor a reduct ion of the
chlorophyll-a concentration at that irradiance in the 8 days culture indicate that this strain

of M. aeruginosa isolated from a tropical hypereutrophic reservoir show a good tolerance

to high irradiances. In fact, in Barra Bonita Reservoir the irradiance reaching the water
surface is extremely high both in the summer and in the winter when characteristically

bright skies occur, without clouds, for many consecutive weeks. Light intensities under

these conditions can easily reach around 2000 µm photons m-2 s -1 on the surface water at
noon. However, natural populations of M. aeruginosa from non-tropical environments

show, as well, high tolerances to high irradiances without the occurrence of photoinhibition

(Eloff et al., 1976; Paerl et al., 1985). On the other hand, the same authors mention that
populations of M. aeruginosa isolated and kept in culture show indications of photoinhibition

and even destruction of the cells caused by photooxidation phenomena, what did not

happen with our culture strains. In fact, the deep decrease in the fixation of carbon by
20 days old culture at all of the irradiances tested, despite the fact that there was no

photoinhibition under 2000 µm photons m -2 s -1, would be more related to the cell age

than the effects of the stress caused by the high irradiances. Nevertheless, the decrease
in the chlorophyll-a concentrations at the early stationary growth (20 days), and the

increase in the DO14C release are indications that with cell aging, the cells undergo some

kind of stress triggered by high irradiances. It is well known that exposure to high
irradiances in the surface water causes photooxidation of chlorophyll-a in strains of

Microcystis in  culture (Eloff et al . ,  1976). However, a decrease in the chlorophyll -a

concentration at higher irradiances can also means a photoacclimatation rather than
photooxidation (Geider et al., 1986).

The increase in DO14C release under high irradiances (800, 1200 e 2000 µm photons

m-2 s -1) by the culture at early stationary growth, however, was due to the increase in the
release of high-molecular-weight compounds, which did not happen for the 8 days old

culture. Analysis of these compounds showed that they are high-molecular-weight

carbohydrates, certainly colloidal polysaccharides, because of the similarity between
their ve/vt and that one obtained from Blue Dextran (2,000 kd) used as reference. The

increase in the extracellular polysaccharides release in several species of microalgae

normally occurs when some factors, like the cell age, nutrient limitation or other, which
cause stress, inhibits the cytokinesis but not the carbon fixation. The increase in the

rates of extracellular polysaccharides production and its release would be a mechanism

of dumping the excess carbon of the cell (Angelis et al., 1993; Sutherland, et al., 1998;
Staats, et al., 2000).

As in cells of 20 days the carbohydrate release is predominant even under 200, 300

e 500 µm photons m -2 s -1, the cause for the release of these compounds can be the fact
that the cells were on the stationary growth phase instead of high irradiances effects, a

common physiological feature to several microalgae taxa and already well-described in

the literature (Myklestad, 1974; Vieira & Myklestad, 1986; Sutherland et al., 1998; Giroldo &
Vieira, 1998). Moreover, the low rates of release in both ages and the uniformity of the

peaks corresponding to the low-molecular-weight compounds concentration in both ages,

are indications that the cells exposed to high irradiances for four hours, even in the
beginning of the stationary growth phase, did not suffer damages that triggered the

organic matter release. This kind of behavior – low rates of excretion and absence of

photoinhibition – was also found in non-blue-green algae species Synura patersenii (Vieira
et al., 1998) and Peridinium willei (Vieira et al., 2002), both from small shallow tropical

lakes.

However, the carbon release as extracellular polysaccharides by cells of 20 days
old culture could show interesting points in the buoyancy mechanism of M. aeruginosa.

Besides there is still much to be learned, the buoyancy/sink mechanism of M. aeruginosa
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cells is, in summary, based on the synthesis of gas vesicles that lead to positive buoyancy,
and the accumulation of cellular carbohydrate, which increases the cell density producing
negative buoyancy (Kromkamp & Mur, 1984).

In N-limited and optimal light conditions environments, cells of M. aeruginosa suffer
a dilution in the volume of the gas vesicles and an increase in the carbohydrates content
(Brookes & Ganf, 2001). Light limitation has an opposite effect to the nutrient limitation
because when light is in low supply, gas vesicles tend to accumulate (Deacon & Walsby,
1990). Cells of M. aeruginosa in N-limited water but in optimal conditions of light keep the
photosynthesis process. However, in these situations, the products of this process are
changed to N-poor and C-rich compounds, the carbohydrates. The accumulation of soluble
carbohydrates wi l l  cont r ibute to both cel l  turgor  and bal last ,  whereas insoluble
forms of  carbohydrate l ike s tarch only cont r ibute to ba l las t ,  increas ing the ce l l
density but also lead to a dilution of gas vesicles if i t  causes growth in cell volu-
me. In M. aeruginosa the loss of buoyancy is more due to increase in carbohydrate than
to loss of gas vesicles by cell turgor (Kromkamp et al., 1988). With more ballast, the cells
sink to scavenge nutrients in the deeper portions of the euphotic column, rich in nutrients
but light-limited.

The fact that cells of M. aeruginosa, and others, can perform vertical migrations is
advantageous when the water on the upper euphotic column are nutrient depleted.
However, in eutrophic or hypereutrophic mixed environments like Barra Bonita Reservoir,
the nutrients, mainly nitrate and phosphate and, naturally, inorganic carbon, might never
be in severe l imitation. I t fol lows that abundant nutrient should promote a posit ive
buoyancy for cells in a good physiological condition and optimal growth. In this condition,
cells would not form ballast, which is important to their growth, tending to keep them on
the water surface. Although cells did not accumulate carbohydrates enough to negate
buoyancy, the gas vesicles dilution by the highest growth rates with synchronized
cell division and the fact that they can accumulate more polyphosphate (density of
2170 kg m -3 ) ,  in hypereutrophic environments, part of the population can loss great
buoyancy (Brookes & Ganf, 2001) and sink for migration to scavenge for nutrients reaching
deeper water where there is low and limiting irradiance. Also, turbulence can bring cells
to low irradiances in the deeper portions of euphotic column. Wallace & Hamilton (2000)
postulate that when the irradiance increases, the Microcystis cells may require more time
to increase their rate of carbohydrates accumulation. If the irradiance decreases before
adjustment, what happens in a mixed environment like Barra Bonita Reservoir, when the
colonies of Microcystis entraining in mixing goes to deeper portions of the euphotic
column, the maximum rate of carbohydrates accumulation is not reached. But large colonies
are able to overcome the entraining forces of turbulence due to higher buoyant velocities,
ensuring that buoyancy can always be lost or gained through carbohydrate ballast
regulation.

Aging cells with cellular division depressed certainly accumulate carbohydrates
and loose buoyancy d isp lay ing ver t ica l  migra t ion .  However ,  i f  the ex t race l lu la r
carbohydrate release: accumulation of intracellular carbohydrate ratio increases, aging of
the M. aeruginosa cells, when exposed to high irradiances, do not produce ballast. These
non-dividing cells also can not dilute its gas vesicles, and consequently can not loose
their buoyancy. Senescence is, among other factors, a cause of inability of the cells to
regulate buoyancy (Reynolds, 1987). Persistent residence within the upper portions of
the euphotic zone, or the formation of surface accumulat ions, may cause serious
photooxidation and a significant decrease in the photosynthetic efficiency in aging cells
with previously deficient photosynthesis. This could be one cause to the die-off of old
surface scums.

Thus we can conclude that at least the M. aeruginosa strain here used does
not seem to suffer great stress effects by the exposure to high irradiances in the
experimental conditions used, that is, at a temperature of 23° C and with no UV radiation
effects, which besides being low in halogen lamps, were certainly completely eliminated
for the cel ls were incubated on polycarbonate f lasks. The release of extracel lular
carbohydrates by senescent cells may signify great implications to their buoyancy
mechanism.
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