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Abstract

Although Planktothrix agardhii often produces toxic blooms in eutrophic water bodies around the world, little is known
about the fate of the organic matter released by these abundant Cyanobacteria. Thus, this study focused in estimating the
bacterial consumption of the DOC and DON (dissolved organic carbon and dissolved organic nitrogen, respectively)
produced by axenic P. agardhii cultures and identifying some of the bacterial OTUs (operational taxonomic units)
involved in the process. Both P. agardhii and bacterial inocula were sampled from the eutrophic Barra Bonita Reservoir
(SP, Brazil). Two distinct carbon degradation phases were observed: during the first three days, higher degradation
coefficients were calculated, which were followed by a slower degradation phase. The maximum value observed for
particulate bacterial carbon (POC) was 11.9 mg L', which consisted of 62.5% of the total available DOC, and its
mineralization coefficient was 0.477 day™! (t%2 = 1.45 days). A similar pattern of degradation was observed for DON,
although the coefficients were slightly different. Changes in the OTUs patterns were observed during the different steps
of the degradation. The main OTUs were related to the classes Alphaproteobacteria (8 OTUs), Betaproteobacteria
(2 OTUs) and Gammaproteobacteria (3 OTUs). The genus Acinetobacter was the only identified organism that
occurred during the whole process. Bacterial richness was higher at the slower degradation phase, which could be
related to the small amounts of DOM (dissolved organic matter) available, particularly carbon. The kinetics of the
bacterial degradation of P. agardhii-originated DOM suggests minimal loss of DOM from the Barra Bonita reservoir.

Keywords: dissolved organic matter, bacterial community, DGGE, degradation.

Degradacio bacteriana da matéria orgénica dissolvida liberada por
Planktothrix agardhii (Cyanobacteria)

Resumo

Embora Planktothrix agardhii frequentemente forme floragdes toxicas em corpos d’agua pelo mundo, pouco ainda
se sabe sobre o destino da matéria organica liberada por essa abundante Cyanobacteria. Assim, este estudo foi focado
na estimativa do consumo bacteriano do carbono organico dissolvido (DOC) e nitrogénio organico dissolvido (DON)
produzido por culturas axénicas de P. agardhii e identificagdo de algumas das unidades taxondmicas operacionais
(OTUs) bacterianas envolvidas no processo. Ambos a linhagem de P. agardhii e o indculo bacteriano foram amostrados
do reservatorio eutrofico de Barra Bonita (SP, Brasil). Foram observadas duas fases distintas da degradacéo do DOC:
durante os trés primeiros dias, coeficientes mais altos de degradagdo foram calculados, que foram entao seguidos por
uma fase mais lenta da degradagio do carbono. O valor maximo calculado para o carbono bacteriano particulado (POC)
foi de 11,9 mgL"', o que equivale a aproximadamente 62,5% do DOC disponivel para consumo, e o seu coeficiente
de mineralizagdo foi de 0,477 dia™ (t,,, = 1,45 dias). Um padrio similar de degradagio foi observado para DON,
embora os coeficientes sejam ligeiramente diferentes. Foram observadas mudancas nos padrdes de OTUs durante os
diferentes passos da degradag@o. As principais OTUs foram relacionadas as classes Alphaproteobacteria (8 OTUs),
Betaproteobacteria (2 OTUs) e Gammaproteobacteria (3 OTUs). O género Acinetobacter foi o unico organismo
identificado que ocorreu durante todo o processo. A maior riqueza bacteriana foi observada durante a fase lenta de
degradagdo, o que pode estar relacionado as pequenas quantidades de matéria organica dissovida (DOM) disponiveis,
particularmente o carbono. A cinética da degradagéo bacteriana da MOD de P. agardhii, quando comparada ao tempo
de retengdo do reservatorio, sugere que existe uma perda minima apos sua liberagdo em Barra Bonita.

Palavras-chave: matéria organica dissolvida, comunidade bacteriana, DGGE, degradag@o.
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1. Introduction

Planktothrix agardhii frequently forms large perennial
metalimnion populations in shallow eutrophic reservoirs
around the world (Bonilla et al., 2012). It is responsible for
the production of large quantities of particulate organic carbon
(Kokocinski et al., 2010), and also release large quantities
of dissolved organic carbon (DOC) naturally by health cells
(Dellamano-Oliveira et al., 2007). The dissolved organic
matter (DOM) released by phytoplankton is a recognized
source of high quality organic carbon for heterotrophic
organisms, mainly bacterial populations (Giroldo et al., 2007,
Sarmento and Gasol, 2012). In general, the DOM released
by phytoplankton is swiftly consumed and remineralized
by the bacterial community and the degradation process
allows the reintroduction of compounds in the trophic
net, reinstating their availability to higher trophic levels
(Azam et al., 1994; Thomas, 1997), and thus, avoiding the
loss of compounds, which could otherwise reach the bottom
of the reservoir or be exported downstream. There are
many studies about cyanotoxins degradation, including
microcystins produced by P. agardhii (Chen et al., 2008;
Kormas and Lymperopoulou, 2013). However, besides its
importance as a biomass producer and potentially toxic
products (Briand et al., 2008; Tonk et al., 2005), almost
no data can be found on the destination of DOC and how
this process may affect the establishment and maintenance
of the local bacterial community.

Many factors which directly affect the carbon flux and
the interactions between phytoplankton and associated
bacterial community act simultaneously and may hinder
the acquisition of data for elaborated studies. For example,
the DOM composition released by a phytoplankton
species may vary with cells age (Myklestad et al., 1989),
the degradation rate can be affected by the local climate
conditions (Ho et al., 2012; Oberhaus et al., 2007) and
by the bacterial community composition (Jones et al.,
2009). Thus, in vitro tests, under controlled conditions, are
starting points for understanding the interactions between
different factors.

In our study, we postulated that most of the DOM
released in axenic cultures is due to obligatory metabolism
processes of the phytoplankton species and thus, would also
be released at the natural environment, before any chemical
or biological degradation such as the attack of bacteria or
other organisms. The quality and availability of compounds
in these released DOM and the presence of specialists and
generalists bacterial groups will influence the bacterial
community composition during the degradation process
(Allen et al., 2005; Davidson et al., 2007; Giroldo et al.,
2007). Therefore, we focused on trying to estimate the
fate of dissolved organic carbon and nitrogen released by
axenic cultures of P. agardhii under bacterial degradation,
and simultaneously determine the main bacterial OTUs
(Operational taxonomic units) involved in the process.
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2. Material and Methods

Sampling Site. Barra Bonita Reservoir (22°29°S, 48° 34’W)
is a eutrophic polymitic and shallow (average depth of
10 m and max 30 m) reservoir, located at the Tieté River
basin, central Sdo Paulo State, Brazil. It spreads for an area
of 310 km? with total volume of 3.2 km® and is situated
480 m over sea level. During summer (wet season), the
flow is 1500 m?/s and average retention time is 37 days,
and, during winter (dry season) average values are 200 m*/s
and 137 days (Matsumura-Tundisi and Tundisi, 2005).
However, these characteristics can be strongly influenced
by the hydroelectric power plant operability.

2.1. Organisms and growth conditions

The Cyanobacteria Planktothrix agardhii (Gomont)
Anagostidis et Komarek was isolated from the Barra
Bonita Reservoir and maintained in axenic culture (strain
BBO013) at the Freshwater Microalgae Collection Culture
(WDCM 835). Cultures were grown in modified ASM-1
medium (Gorham et al., 1964), pH 7.8, with reduced nitrate
availability (28.4 mgL™"), which was still high enough to
not affect the growth curve (data not shown). Growth
conditions were: light irradiance of 80-100 umol.m=2.s™!
(Quantameter QSL-100, Biospherical Instruments, San
Diego, CA, USA), with 12:12 hour (light:dark) cycle,
temperature of 23 + 1 °C, and the culture was constantly
mixed by a magnetic stirrer.

Bacterial Inoculum. We collected the bacterioplankton
from Barra Bonita Reservoir using a sterile system as described
by (Bagatini et al., 2014). After two hours, the sample was
filtered through 1.2 pm glass fiber (GF/C — Whatman),
under aseptic conditions, for the removal of algae, protozoa
and other detritus. To avoid development of eukaryotic
organisms during the experiment, bacterial inoculums were
treated with cycloheximide (Sigma-Aldrich) (Bagatini et al.,
2014) for 12h in concentration of 10 mg L. The final
concentration of this antibiotic in the final assembly of
the experiment was lower enough (0.5 mg L) to avoid
any further influence in the results.

DOM Separation. We obtained the organic matter
from P. agardhii cultures at the end of exponential phase
(21 days). Cells were separated by tangential filtration
in hollow fiber cartridge (Xampler™, AG Technology
Corporation/GE, UK) with 0.65 pm pores (CFP-6-D-4A),
and all the equipment previously sterilized to avoid bacterial
contamination. The integrity of the algal cells during
separation was verified by the absence of pigments in the
filtrate. In sequence, the organic matter (<0.65 um) was
filtered through 0.22 pm sterile polycarbonate membranes
(Millipore, Billerica, MA, USA), further eliminating
eventual contaminants. We defined DOM as the fraction
smaller than 0.22 um.

Bacterial utilization of DOM released by P. agardhii.
We assembled three experimental cultures (replicates), each
containing a final volume of 525 mL: 500 mL of DOM
(20.907 mg.L"! of organic carbon and 2.003 mg.L"' of
dissolved organic nitrogen) and 25 mL of bacterial inoculum
(4.8% of the final volume), which were maintained in the
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dark at 23 + 1 °C to avoid the development of prokaryotic
photoautotrophs, and mixed twice a day to avoid anoxia.
Cultures were sampled after 0, 1,2, 3, 5,9, 12 and 15 days
for the analysis of carbon and nitrogen.

Dissolved organic carbon (DOC) and total nitrogen
(TN) were measured with an organic carbon analyzer
TOC-Vceph (Shimadzu, Kyoto, Japan) equipped with
nitrogen module (TNM-1). All samples were filtered
through 0.22 pm membranes and both total and dissolved
fractions were analyzed. We estimated the particulate
fraction as the difference between the total sample and
the dissolved fraction (<0.22 pm).

We obtained the concentration of dissolved organic
nitrogen (DON) indirectly, as the difference between TN
(total dissolved nitrogen) and the inorganic fraction (DIN):
DON = TN — DIN. Analysis of DIN were performed
as described by Mackereth et al. (1978) and Solérzano
(1969), for nitrate + nitrite and ammonium, respectively
(DIN =NO, +NO, + NH)).

Kinetic Model. We adjusted the results from organic
carbon and nitrogen consumption to a kinetic model of
first degree proposed for the degradation of DOM released
by Microcystis (Moreira et al., 2011). DOM degradation
was assumed to happen according to three competitive
processes. Adjusts and coefficient determinations were
made by non-linear regressions, using the iterative algorithm
from Levenberg-Marquardt (Press et al., 1992).

2.2. Bacterial community composition

2.2.1. Sample preparation

Samples of 50 mL from each of the replicates on
the days 1, 3, 5, 9 and 15 were centrifuged at 15500 xg
for 25 min. After, the bacterial cells were suspended in
approximately 1 mL of sterile water, centrifuged again
for 25 min at 15500 xg and the pellet was maintained at
-20° C until extraction.

2.2.2. DNA extraction and amplification

DNA extraction was performed as described by Bagatini
et al (2014). We performed amplifications of partial
16S rRNA gene (V6-V8 regions), by Polymerase Chain
Reaction (PCR) applying primers 968f with CG clamp
and 1401, for the Bacteria domain (Heuer et al., 1997).

2.2.3. DGGE (Denaturing Gradient Gel
Electrophoresis)

The amplified DNA was separated by electrophoresis in
polyacrylamide 6% gel (acrylamide:bisacrylamide 37.5:1)
with denaturing gradient (DGGE) (DCode System, Biorad).
The gradient used was 35 to 60% (100% of denaturing was
defined as 7M urea and 40% [v/v] deionized formamide)
and the electrophoresis was performed at 65 °C for 15 hours
at 60V in TAE buffer 1x. After electrophoresis, the gel was
stained for 1 hour with GelRed solution (Biotium) in ultrapure
water (0.15 pL/mL) for photographic documentation on
a Gel Doc XR+ (BIO-RAD). The image was treated with
QuantityOne software (BIO-RAD).
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2.2.4. Sequencing and statistical analysis

After image analysis, bands were excised from the
gel with sterile blade, eluted with 20 pL of nanopure
water at 4 °C overnight, and then amplified with the same
primers (without the CG clamp in the forward primer)
(Maintinguer et al., 2008). The following program of
amplification was performed: initial denaturation at 94 °C
for 5 minutes; 35 cycles at 94°C for 1 minute, 49°C for
1 minute and 72°C for 2 minutes; final extension at 72°C for
5 minutes. After amplification, the DNA was precipitated
with equal volume of 20% PEG 8000 (Polyethyleneglycol)
and 1M NaCl solution (Lis and Schleif, 1975) and washed
twice with 125 pL of 80% ethanol for purification.

The purified material was sequenced bidirectionally
at Macrogen, Inc (Korea). Only the fragments with
Quality Value higher than 20 (QV 20 corresponds to 99%
accuracy) were used for further analyses. The forward
and reverse complement fragments were aligned with
BioEdit software, version 7.1.3.0 (Hall, 1999) and a
consensus sequence was obtained for each sequenced
band. All consensus sequences with more than 200 bp
were checked for pairwise similarity. Sequences with
identity match higher than 97% (Stackebrandt and Goebel,
1994) were grouped and another consensus sequence was
obtained and used as OTU (Operational Taxonomic Unit).
The consensus sequence of each OTU was deposited in
the GenBank (access numbers KJ830962 to KJ830974)
and utilized for the identification of the OTUs against the
sequences with good quality and longer than 1200bp in the
Ribosomal Database Project II (RDP II - http://rdp.cme.
msu.edu - (Cole et al., 2009)). The classification of the
OTUs in Classes was also verified using the “classifier”
facility in the RDP II (Wang et al., 2007).

3. Results

3.1. Kinetics of the bacterial degradation of DOM
released by P. agardhii

The DOM released by P. agardhii had a total amount
0f20.907 +2.336 mg.L"! (average + SD, n=3) of organic
carbon and 2.003 + 0.242 mg.L™! (average = SD, n=3) of
dissolved organic nitrogen.

DOC degradation (Figure 1) showed a decay coefficient
(k) of 0.62 day’', with half-life (t/2) of 1.12 days
(Table 1). The theoretical value for the refractory fraction
DOC, was 7.11 mg.L"' (=37.4%) and the mineralization
coefficient (k) for this was 0.014 day™' (t/2 = 49 days).
The maximum estimated value for POC was 11.9 mg L,
and its mineralization coefficient (k,) was 0.477 day’!
(t%2 = 1.45 days).

The pattern for degradation of the DON (Figure 1) was
similar to the observed for DOC; however, the coefficients
calculated were different. The first phase had a decay
coefficient of 1.5 day™!, with half-life of 0.46 day. The second,
and slower, phase had a coefficient of 0.10 day-1, increasing
the half-life of compounds to 6.78 days. Coefficients for
the different stages of degradation, as well as half-life,
assimilation and degradation efficiency are shown in Table 1.
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3.2. Bacterial community during degradation

The band pattern of the DGGE gel showed the
succession process in the bacterial community, with clear
differences when comparing different days of degradation
(Figure 2). The richness in bacterial community (number
of bands in the DGGE gel) increased during the last days
of degradation, although the lowest diversity was found
at the fifth day, when a decrease in bacterial density and
the lowest particulate C and N concentrations (Figure 1)
were observed.
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Figure 1. Decay curves of the dissolved organic carbon
(DOCQ), incorporation and decay of particulate organic
carbon (COP), decay curve of dissolved organic nitrogen
(DON), incorporation and decay of particulate organic
nitrogen (PON), and their respective kinetic adjustments.
Error bars correspond to standard deviation, n=3.

After sequencing, we found that bands excised from the
same height line in the DGGE had sequence similarity higher
than 97% and, therefore, were considered as the same OTU
(same number on Figure 2). The OTUs were assigned to the
classes Alphaproteobacteria (8 OTUs), Betaproteobacteria
(2 OTUs) and Gammaproteobacteria (3 OTUs) (Table 2).
The OTU 01, assigned to the genus Acinetobacter (Table 2),
was the only one that certainly occurred during the entire
process of degradation. The strains 06 and 12 (assigned to
the genera Caulobacter and Rhizobium) might also have
appeared during the whole experiment, as bands of the
same height were observed in all samplings, but were not
sequenced for further confirmation. The OTUs 02, 05, 08,
09, 10, 12 (respectively assigned to the genera Vogesella,
Acidovorax, Shinella, Aeromonas and Rhizobium) were
detected before the fifth day of degradation, while the OTUs
03 (unidentified Alphaproteobacteria), 13 (unidentified
Rhodospirillales), 07 (possibly genus Microvirga), 04
(assigned to the order Legionellales) and 11 (assigned to the
family Sphingomonadaceae, possibly Novosphingobium)
were found in the 9% and 15" days.

Day 1 Day 3 Day 5 Day 9

Day 15

Figure 2. Molecular community profiles on DGGE
showing the position of the bands excised and amplified for
sequencing. The numbers are located directly to the left of
the excised band sent for sequencing. Bands with similar
numbers had similar sequences (>97% similarity) and were,
therefore, considered as the same OTU.

Table 1. Summary of kinetic model parameters for the dissolved organic carbon and nitrogen degradation, in experimental

cultures with DOM from P. agardhii.

[DOM]i kT* tl/Z DOMR ks* t1/2 2 POM ks* t1/2 2
(mg.L") (days’) (days) (%) (days') (days) (%) (days") (days)
DOCAV 19.034 0.62 1.12 374 0.01413 49 0.09049 62.5 047722 145 0.42482
DON 1.65 1.5 0.46 70 0.019 36 0.81869 791 0.102117 6.78F 0.72034%

Av

[DOM], = initial concentration of available organic carbon or nitrogen; DOM, = residual carbon or nitrogen; POM = particulate
bacterial organic carbon or nitrogen; k= decay coefficient of DOM; k, = mineralization coefficient of DOM,; k5 = mineralization
coefficient of POM; t,, = half-life time; R? = determination coefficient. *Parameters obtained according to the kinetics model,
described in Material and Methods; "The kinetics model presented an uncoupling in the assimilation and degradation of nitrogen,
as discussed in the text.
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4. Discussion

4.1. Degradation kinetics of dissolved organic carbon
and nitrogen

The degradation process of P. agardhii DOM presented
two distinct phases. The first phase occurred during
the first 5 days with a fast decay of the available DOC
(Table 1, Figure 1). The consumption of a large quantity
of phytoplankton-originated DOC within the first days of
experiment demonstrated its high availability to bacterial
utilization. Similar patterns of degradation, with a rapid
phase followed by a slower step where also analyzed
in experiments by Chen and Wangersky (1996) and
Moreira et al. (2011).

The kinetics model also found a high efficiency in the
process of incorporation of organic carbon to bacterial
biomass, reaching 62.5% of the available DOC. However,
considering the sampling periods, the mineralization of
the more labile fraction could not be completely observed
experimentally, which could explain the appearance of a
theoretically higher productivity than the observed production
of bacterial biomass (particulate organic carbon — POC).
Previous studies also showed a high efficiency, ranging
from 44-100% of the DOC released by phytoplankton
incorporated by the bacterial community in short-time
experiments (Feuillade et al., 1988; Jensen, 1983). It is
known that up to 30% of the photosynthetically fixed
carbon is released as DOC in the environment and it can
constitute substrate and energy source to heterotrophic
organisms, mainly bacteria (Feuillade et al., 1988). Also, the
microbial degradation may be the cause of variation in the
availability of nitrogen, phosphorus and inorganic carbon,
directly affecting the growth of autotrophic or heterotrophic
organisms (Klug, 2005).

Although carbohydrates are the most prominent substances
among extracellular products released by phytoplankton,
proteins and amino acids are also important fractions
of DOM, together with a variety of other compounds
(Myklestad, 2000). These compounds may represent a
necessary source of nitrogen to bacterial and phytoplankton
communities, as it was already described the ability of
bacterial isolates to consume and grow with amino acids
and protein as the only nitrogen source (Ietswaart et al.,
1994). The source of nitrogen and its availability are also
known to have a selective effect on the bacterial groups
(Bell, 1984). The degradation of DON in our experiments
followed a similar pattern to the one found to DOC, although
with higher rates of decay. However, the percentage of
residual DON was larger than carbon, reaching around
70% of the total available initially. The exact process
of decomposition/uptake of nitrogen in this experiment
could not be completely predicted by the model applied,
probably due to the fast turnover within different bacterial
populations: the compounds were released by one group
and swiftly captured by another in periods shorter than
the sampling intervals, causing the uncoupling between
equations (Table 1).

Braz. J. Biol.2018, vol. 78, no. 1, pp.108-116

Working with an axenic culture allowed the study
of the whole process of degradation of phytoplankton
released DOM, simulating the release of material by these
cyanobacteria in a reservoir and its utilization by the bacterial
heterotrophic community as the utilization of co-cultures
of phytoplankton/bacteria can make subtle changes in the
released organic matter composition (Bruckner etal., 2011).
However, in a reservoir, it should also be considered the
continuous and diverse range of sources of carbon and
nitrogen available, either autochthonous or allochthonous
(Dellamano-Oliveira et al., 2007; Tundisi et al., 2008),
which can provide the permanent availability of compounds.

Arepresentative quantity of residual carbon was found
in the experimental cultures (37.4%). Although the high
availability of phytoplankton-originated DOC it can still be
accumulated during blooms of freshwater phytoplankton,
creating a pool of residual DOC (Kragh and Sendergaard,
2004). Different compounds, like polysaccharides, might
be more or less degradable by bacteria (Giroldo et al.,
2007), requiring specific adaptations for its success and
even the degradation itself might result in more refractory
compounds (Bittar et al., 2015). However, this residual
DOC still have a appreciable return to the pelagic food
web via bacterial consumption (Coveney and Wetzel,
1989), although at a slower pace, and thus, assuming an
considerable ecological role.

The kinetics of the bacterial degradation/uptake of P.
agardhii-originated DOM suggests the labile nature of
the DOM, and when compared to the retention time of the
reservoir, could indicate minimal loss of DOM from this
environment, either by sinking to the bottom or exportation
downstream. Furthermore, the elucidation of this process
helped to demonstrate the ecological importance of this
Cyanobacteria and its related bacterial community to the
nutrient availability and nutrient cycling in this environment.

4.2. Dynamics of bacterial community

The release of phytoplankton-originated DOM in the
environment affects bacterial growth and the bacterial
community composition, changing the availability of
different compounds and, therefore, the growth of many
autotrophs and heterotrophs (Klug, 2005). In turn, the
DOM composition may also have determinant importance
in the taxonomic composition of the bacterioplankton
community, including its variation along the degradation
process (Puddu et al., 2003).

The presence of residual compounds and reduction in
nutrient availability during the second phase of degradation
might have been an important factor in the determination
of the bacterial community composition. Analysis of the
DGGE gel (Figure 2) showed evident differences in band
patterns between those sampling days.

Richness, here analyzed as the number of bands
in the DGGE gel (Riemann et al., 1999), decreased
in the 5" day of degradation (Figure 2), which could
represent a response to the changes in the community
related to the reduced availability of nutrients and the
modified substrate. The appearance of new bands during
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the later phase of degradation, was probably reflecting
slow-growing species that did not reach detectable quantities
previously or represent a succession process caused by
complex interactions, such as the utilization of secondary
compounds excreted by other bacteria as food source
(Langenheder et al., 2004), or opportunistic utilization of
products degraded by other bacteria. Janse et al. (2000),
in a study with Phaeocystis, found that only after the
degradation of mucopolysaccharides ceased there was a
clear increase in band diversity. Also, Langenheder et al.
(2004) showed an increase on bacterial richness by DGGE
profile in batch cultures during the stationary growth phase
of the bacteria. Different bands representing the same OTU
in DGGE gel (Figure 2) may be due to ambiguities in the
sequences (Verleyen et al., 2010), since differences less
than 0.6% may result in different bands (Bondoso et al.,
2014) and we defined OTUs at 97% identity threshold.

Further evidence of the changes in the bacterial
community during the degradation of the organic compounds
released by P. agardhii was found after sequencing of
selected samples. The only sequenced genus found during
the whole experiment, Acinetobacter, has acknowledged
versatility, growing in different sources and concentrations
of organic carbon and nitrogen, including poor environments
(Baumann et al., 1968; Henriksen, 1973).

Organisms of the class Alphaproteobacteria, order
Rhizobiales (represented by the genera Caulobacter,
Shinella, and possibly Novosphingobium) were found
mainly during the slower phase of degradation, when
nutrient availability consisted only in more refractory
compounds at limiting amounts, reflecting the group usual
dominance in oligotrophic systems (Barlett and Leff, 2010).
Bagatini et al. (2014) also found increasing proportions of
Alphaproteobacteria associated with two Cyanobacteria
along cultivation time and the genus Novosphingobium
has already been associated with high concentrations of
recalcitrant compounds (Kent et al., 2000).

The Betaproteobacteria, on the other hand, are a
dominant group in a wide variety of aquatic environments
(Liu et al., 2012; Newton et al., 2006; Simek et al., 2005)
and thus, bands representing this group were found during
the whole experiment, although dominated only in the first
days of degradation, together with Gammaproteobacteria.
The large distribution of Betaproteobacteria in freshwater
environments is usually associated to their high capacity
of adaptation to different environments, and fast response
of growth (Burkert et al., 2003; Simek et al., 2005).
Langenheder et al. (2004) suggested that Gammaproteobacteria
may be fast growing opportunists dominating at high nutrient
levels, whereas in low nutrient concentrations they may
be out-competed by Alphaproteobacteria.

The availability of nutrients, as the carbon and
nitrogen sources, play a major part in the selection of the
heterotrophic bacterial community which will be established
in an environment (Allen et al., 2005; Davidson et al.,
2007). Thus, as analyzed in this study, variations in the
composition of the DOM released by P. agardhii during
degradation process were coupled changes in the bacterial
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concentration and composition, with the selection of more
or less specialized groups. As P. agardhii blooms are
frequent events in reservoirs, the organic matter released
by these organisms are a constant source of substrate and
might, therefore, be an important factor in selecting the
bacterial community in this environment and providing a
considerable amount of labile organic carbon for the food
web through the microbial loop.
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