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Distribution of Archaeal and Bacterial communities in a
subtropical reservoir
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Abstract: Aim: Microbial communities play a central role in environmental process
such as organic matter mineralization and the nutrient cycling process in aquatic
ecosystems. Despite their ecological importance, variability of the structure of archaeal
and bacterial communities in freshwater remains understudied. Methods: In the present
study we investigated the richness and density of archaea and bacteria in the water
column and sediments of the Itupararanga Reservoir. We also evaluated the relationship
between the communities and the biotic and abiotic characteristics. Samples were taken
at five depths in the water column next to the dam and three depths next to the reservoir
entrance. Results: PCR-DGGE evaluation of the archaeal and bacterial communities
showed that both were present in the water column, even in oxygenated conditions.
Conclusions: The density of the bacteria (QPCR) was greater than that of the archaea, a
result of the higher metabolic plasticity of bacteria compared with archaea.

Keywords: freshwater; microbial communities; PCR/DGGE; real time PCR.

Resumo: Objetivo: As comunidades microbianas desempenham papel crucial nos
processos ambientais como na mineralizagio de matéria orginica e ciclagem de nutrientes
em ambientes aqudticos. No entanto, apesar da importincia ecoldgica de archaea e bactéria
em ambientes aqudticos, a estrutura destas comunidades permanece pouco estudada.
Métodos: Neste sentido, nos avaliamos a riqueza e densidade de archaea e bactéria na
coluna d’dgua e no sedimento do reservatério de Itupararanga e avaliamos as relagoes
entre os fatores bidticos e abidticos. Para tanto, amostragens foram realizadas em cinco
profundidades na regido préxima a barragem e em trés profundidades no ponto da
entrada. Resultados: A partir de PCR-DGGE observou-se que ambas as comunidades
distribufram-se ao logo dos pontos de amostragem, mesmo em condigbes com presenca
de oxigénio. Conclusées: A densidade bacterianas, avaliada por gPCR foi maior do que a
de archaea, provavelmente devido a maior plasticidade metabdlica desses microrganismos.

Palavras-chave: dguas continentais; comunidade microbiana; PCR/DGGE; real
time PCR.
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1. Introduction

Prokaryote microorganisms play an important
role in aquatic metabolism, especially in tropical
environments (Sarmento, 2012). Despite the fact
that microorganisms are the most abundant and
diverse group in aquatic ecosystems, their physiology,
diversity and trophic role are underestimated
(Gasc et al., 2015).

Knowledge of the importance of archaea to
aquatic metabolism, for example, is incipient,
mainly due to the difficulty in cultivating this
microorganism in laboratories (Llirds et al., 2014)
and the usual association of archaea with extreme
environments, which delayed the search for these
microorganisms in many aquatic ecosystems,
despite the fact that they are very abundant in
some environments, such as the deep ocean (Dolan,
2005).

However, the microorganisms are essential in
the organic decomposition processes, planktonic
food chain and nutrient cycling, such as nitrogen
and carbon cycle. In this sense, recent advances
in biomolecular tools have enabled studies of
the diversity, composition and abundance of
these microorganisms in aquatics environments
(Ferrera et al., 2015; Grossart, 2010; Williams &
Cavicchioli, 2014) to be undertaken.

Molecular biological methods based on the
16S rDNA gene have improved our understanding
of microbial diversity in different environments,
including reservoirs. Archaeal communities have
been found in sediments and in the anoxic zone
of the water column (depth of 40 m) in the
Tucurui Reservoir (Gragas et al., 2011). Archaea
has also been found in seawater (Cardoso et al.,
2011; Cury et al., 2011; Francis et al., 2005),
marine sediments (Bowman & McCuaig, 2003;
Nakayama etal., 2011), wetlands (Sims et al., 2012)
and in association with other organisms, such as
sponges (Turque et al., 2010).

While the bacterial community has been studied
in aquatic ecology for longer, its diversity was not
well known until the advent of molecular biological
methods which enabled a new understanding of
these organisms in the environment (Ferrera et al.,
2015; Zeglin, 2015).

Environmental changes can modify the
composition and diversity of microbial communities,
as well as other aquatic communities, changing
metabolic routes and consequently the structure of
food chains and energy flow (Oleynik et al., 2011).

Changes in planktonic structure can influence
other communities linked by the microbial loop.
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This is the production and transfer of energy
and matter between several groups, such as
bacteria, archaea, viruses, protozoa and fungi
(Thompson etal., 2011).

Eutrophication in reservoirs and lakes, such as
increased organic matter and nutrients, can also
alter the structure of the microbial community,
which may lead to water pollution and changes in
ecosystems (Adamczuk et al., 2015).

In the nitrogen cycle, for example, it is important
to understand eutrophication. The role of Archaea
and its relationship with the bacteria and ammonia
metabolism has only recently been understood
(Liu et al., 2011).

In this context, we evaluated the spatial
distribution of Bacteria and Archaea and the
chemical water proprieties of a subtropical reservoir
(Itupararanga Reservoir, state of Sao Paulo, Brazil)
in order to understand the ecological role of these
communities.

2. Material and Methods

The study area is in the Itupararanga Reservoir
in the state of Sio Paulo in southeastern Brazil.
The reservoir receives water from the Sorocamirim,
Sorocabugu and Una Rivers, and provides water to
eight cities with treated water and receives untreated
sewage (Beghelli et al., 2014).

The trophic level of the Itupararanga Reservoir
was classified as mesotrophic during the rainy season
and eutrophic during the dry season (Cunha &
Calijuri, 2011a; Pedrazzi et al., 2013).

2.1. Water and sediment samples and chemical
analysis

Two sites in the reservoir (Figure 1) were selected
for chemical and biological sampling. Samples were
taken at five depths (0.0, 2.0, 4.0, 10.0 and 15.5 m)
near the dam, and three depths (0.0, 4.0 and 8.0 m)
next to the reservoir entrance (river’s inflow)
(Table 1) during the rainy season (April, 2012).

Water samples (1 L) were taken with a Van Dorn
water sampler and stored in sterile plastic bottles
that were immediately taken to the lab, where they
were stored at 4°C until analysis. Water quality
measures (pH, temperature and dissolved oxygen)
were recorded at the sampling sites using an YSI
multiparameter probe (potentiometric methods
(Eaton et al., 2005). The concentration of ammonia
ions, nitrate, nitrite, phosphorus, total Kjeldahl
nitrogen, orthophosphate, alkalinity, and organic
and inorganic solids were analyzed according to
Eaton et al. (2005).
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Figure 1. Location of Itupararanga Reservoir and sampling points. P1 = dam and P2 = Entrance.

Table 1. Geographic coordinates of the sample points.

Sample Points
Entrance
Dam

Geographic coordinates
23°37°3.8"Sand 47° 13' 414" W
23°36'44.6” S and 47° 23 40.9" W

2.2. Microbial analysis

First, the water samples (1L) were passed
through filter membranes of 0.45 um pore size
(Milipore model HAQGO047S3) and then through
membranes of 0.22 um pore size (both of 0.47 mm
diameter, Milipore model GSWP047S0). The DNA
of the water was extracted from the membranes
using a metagenomic DNA isolation kit for water
(Epicentre laboratories), and from the sediments
with the Ultraclean soil DNA isolation kit (Mobio
laboratories), according to the manufacturer’s
instructions. The DNA concentrations were
determined by measuring absorbance at 260 nm
(A260). For pure DNA, the ratio of A to

260

A, is between 1.8 and 1.9 (Wilhelm et al.,

2003). The intact DNA was then confirmed by
electrophoresis on a 1% agarose gel.

2.3. Quantitative polymerase chain reaction analysis

Quantitative real time PCR (qPCR) assays were
used to measure the abundance of Bacteria and
Archaea genes in the water column. To measure
bacterial 16S rDNA, the primers P1 (CCT AGC
GGA GGC AGC AG) and P2 (ATT ACC GCG

GCT GG) (Muyzer et al., 1993) were used and
quantified with Platinum® Quantitative PCR
super mix UDG (Invitrogen). Each reaction was
performed in a volume of 25uL containing 1pL
sample DNA, 0.25 uL. BSA and 1 pL of each primer.
The PCR cycling conditions were as follows: 3 min
at 95°C, 35 cycles of 30 sec at 94°C, 30 sec at 55°C,
30 sec at 72°C and a final extension at 72°C for 3
minutes.

Forarchaeal 16S rDNA, the primers 340F (CCC
TAY GGG GTG CAS CAG) and 1000R (GAG
ARG WRG TGC ATG GCC) (Gantner et al.,
2011) were used and quantified with Platinum®
Quantitative PCR super mix UDG (Invitrogen).
Each reaction was performed in a volume of
25uL containing 1uL sample DNA, 0.25 pL
BSA, 50 pmol MgCl and 10 pmol of each primer.
The PCR cycling conditions were as follows: 2 min
at 98°C, 35 cycles of 30 sec at 95°C, 30 sec at
57°C, 90 sec at 72°C and a final extension at 72°C
for 7 minutes.

The copy number of 16 S rDNA in the samples
was determined in duplicate and all PCR assays
included a negative control containing no DNA to
test for potential contamination. The abundance
of target genes in each sample was estimated by
parallel quantitative PCR assay of the dilutions of
the standards and by comparing threshold cycles
(Ct), which is the cycle at which the fluorescence
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intensity surpasses the level at which amplification
enters a logarithmic growth phase, obtained in each
PCR run with DNA standards.

2.4. Polymerase chain reaction/electrophoresis in gel
of denaturant gradient

The bacterial and archaeal communities from
the water column were evaluated by Polymerase
Chain Reaction and Denaturing Gradient Gel
Electrophoresis (PCR-DGGE). The 16S rRNA
genes from the Archaea and Bacteria domains were
amplified using primers: 1100F (with GC clamp)
and 1400R (Kudo et al., 1997); 968 FGC
and 1392R (Nielsen et al., 1999), respectively.
Denaturing gradient gel electrophoresis (DGGE)
was performed using the DcodeTMUniversal
Mutation Detection System (Bio-Rad Laboratories,
Hercules, CA, USA) in accordance with the
manufacturer’s instructions. The PCR products were
electrophoresed in TAE buffer (1x) at 75V for 16h at
60°C on a polyacrylamide gel (7.5%) containing a
linear gradient of the denaturant from 45% to 65%.
The polyacrylamide gel was stained with ethidium
bromide for 20 min and then visualized using an
Eagle Eye TM III densitometer (Stratagene) with
254 nm UV exposures, coupled to a personal
computer using Eagle Sight software.

2.5. Statistical analysis

Canonical Correspondence Analysis (CCA) was
used to group the chemical and microbial properties.
Correlation analysis of microbial abundances
of samples from each site (dam and entrance)
was performed. Pearson’s similarity coefficient
was calculated using BioNumerics® software,
version 2.5. The Shannon-Wiener diversity index
was calculated based on the intensity of the DGGE
bands and on the height of the densitometric curve
peaks, according to Abreu et al. (2010).

3. Results and Discussion

The water column was chemically and thermally
stratified at both sampling sites. Surface water
temperature at the dam and entrance was 24.4 °C
and 23.1, respectively, decreasing to 22.7°C and
22.3°C at the bottom of the reservoir. Dissolved
oxygen concentration decreased at the bottom of the
reservoir, and while no anoxic zone was observed,
hypoxia was identified (1.4 mg.L' and 2.5 mg.L",
dam and entrance, respectively). The lower oxygen
concentrations of the deeper layers are associated
with the stratification of conditions (Salcher et al.,
2011).
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The center of the Itupararanga Reservoir is
characterized by a stratification period in the
summer and a homogeneous vertical profile during
the winter. Contrastingly, the peripheral regions of
the reservoir were stratified during both periods
(Cunha & Calijuri 2011a; Cunha et al., 2012;
Miwa et al., 2011).

The nutrient concentration also varied along
the water column. Organic and inorganic solids
increased with depth at the entrance and decreased
with depth at the dam. This profile is in agreement
with the profile proposed by Thornton (1990),
who divided a tropical reference reservoir into three
zones. The first zone (riverine zone) occurs at the
entrance of effluent and is characterized by greater
water flow and a greater amount of allochthonous
organic matter. The next zone (transitional zone) is
characterized by intermediate conditions, and the
last zone (lacustrine zone) is characterized by lower
water flow and autochthonous organic matter.

Nitrogen, nitrate, nitrite, orthophosphate and
phosphorus concentrations were higher in the
entrance zone than at the dam (Table 2). According
to Beghelli et al. (2014) these nutrients are received
from tributary rivers.

The abundance of archaea and bacteria in the
sediment was greater than in the water column
(Figure 2), which may be associated with higher
organic matter, nutrient concentrations and anoxic
conditions of sediments.

The abundance of bacteria was greater in the
sediment from entrance (2.56 x 10%cell. g of
sediment) than from the dam (6.09 x 10%ells. g
of sediment) probably due to the high nutrients
available. Beghelli et al. (2012), however, classified
the entrance point as eutrophic and the remainder
of the reservoir as mesotrophic. TSertova et al.
(2013) observed a similar profile in the eutrophic
Lake Vartsjarv situated in southern Estonia,
finding by flow cytometry a great abundance of
bacteria in the river (1.6 x 10°.g" dry weight) and
middle sediments of the lake (1.8 x 10°cells. g
dry weight) and low abundance in the littoral zone
(8.0 x 107.g! dry weight).

Maintingueretal. (2011) found hydrogenotrophic
bacteria such as bacillus and endospore producers
of hydrogen in the Itupararanga sediment and
quantified the acidogenic bacteria to a more
probable number (4.3x10> NMPmL" equivalent
to 3.3x10% gSTV-1 cells).

This longitudinal pattern, with a higher trophic
status in the riverine zone of reservoirs where the
inflow rivers are found, is expected due to the
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Table 2. Mean of environmental variables in entrance zone and dam of Itupararanga Reservoir.
Variables Dam Entrance
0.0 m 2.0m 4.0m 10.0m 155m 0.0m 4.0 m 8.0 m
Temperature (°C) 24.39 24.26 24.16 23.34 227 23.14 22.62 22.28
pH 7.34 7.18 7.09 6.15 6.45 6.92 6.42 6.33
Dissolved oxygen (mg.L") 8.29 8.65 8.3 5.6 1.4 5.65 3.6 2.5
Conductivity (uS.cm™) 67 66 69 55 98 96 100 101
Total susp. solids (mg.L") 5.7 4.65 5.25 3.1 1.75 5.9 6.8 8.65
Organic susp. solids (mg.L™") 1.7 1 2.25 1.25 0.45 2.8 3.85 5.5
Inorganic susp. solids (mg.L") 4 3.65 3 1.85 1.3 3.1 2.95 3.15
Alkalinity (mgCaCO,.L") 0.94 117 1.23 2.67 21 24 2.18 2.22
Orthophosphate (ug.L ") 0.0022 0.0028 0.0025 0.0024 0.0026 0.006 0.0071  0.0078
Nitrate (mg.L™") 0.35 0.39 0.4 0.39 0.39 0.61 0.57 0.61
Nitrite (mg.L") 0.66 0.52 0.565 0.58 0.64 4.63 4.05 6.55
Ammonia (mg.L") 5.4 5.2 4.2 25.6 51.04 4.37 3.67 10.9
Dissolved Phosphorus (mg.L™") 0.37 0.53 0.43 0.51 0.57 1.06 1.27 1.73
Nitrogen Kjeldahl (mg.L") 0.599 0.571 0.586 0.265 0.223 0.432 0.432 0.655
Chlorophyll (pug.L") 0.28 0.32 0.417 0.261 0.272 0.346 0.342 0.267
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Figure 2. Relative abundance of Archaea and Bacteria community into the water column from (a) Dam, (b) Entrance

and (c) Sediment of Itupararanga Reservoir.

reduction of flow and increased sedimentation
(Nogueiraetal., 1999; Thornton 1990). The higher
density of Bacteria and Archaea in the sediment
of this region can be an expected pattern in other
IESErvoirs.

Bacteria were more abundant than archaea
in both the water and sediment samples, most

probably due to the fact that the metabolic plasticity
of the bacterial communities is generalist, while
archaeal communities are specialist and more
adapted to stress conditions (Smeti et al., 2013).
The DGGE profiles for the archaeal and
bacterial communities from the entrance and dam
are shown in Figure 3. The archaeal communities
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Figure 3. DGGE profile for Archaea (a) and Bacteria (b) Domain. Entrance E1= O0m; E2 = 4.0 m and E3 = 8.0 m;
Dam DI = Om, D2 = 2.0m, D3 = 4.0m, D4= 10.0m and D5 15.5 m.

were separated into two groups according to the
sampled region (entrance and dam). On the other
hand, lower variability was observed for the bacterial
than the archaeal communities.

Major similarities were observed for the archaeal
communities along the water column and along
the reservoir. The similarity between the archaeal
communities from the surface and the bottom was
60% and 94% at the entrance and at the dam,
respectively, indicating that the environmental
changes had more influence on the distribution
of archaeal communities at the entrance than at
the dam.

The greater similarity between the archaeal
communities from the surface and the bottom at
the dam (94%) than at the entrance (60%) was
probably due to the greater stability in the dam
region than at the entrance, despite the thermic
and oxygenic stratification.

The similarity between the archaeal communities
of the entrance and the dam was 78%. In this
sense, the archaeal community was distributed
homogenously in the Itupararanga Reservoir.

On the other hand, the bacterial similarities
between the surface and bottom were 42% and 52%
at the dam and entrance, respectively, indicating
that the chemical and thermal stratification of the
water column had an important influence on the
bacterial community.

The microbial diversity established from the
DGGE profiles was measured with the Shannon
diversity index (H). At the entrance point (P1) the
diversity increased from the surface to the bottom
(Table 3).

The archaeal diversity increased from the surface
to the bottom at the entrance (1.47 to 2.50) and
dam points (1.61 to 3.95). The same profile
was observed for bacterial diversity at the dam
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(1.80 and 2.40, surface and bottom respectively)
and entrance (1.53 and 2.62 surface and bottom,
respectively). On the bottom of the reservoir low
dissolved oxygen concentration was observed
indicating that microbial diversity probably
increased with the anoxic condition.

The results of Canonical Correspondence
analysis highlighted the relationship between the
variables responsible for spatial heterogeneity
and microbial density and diversity. The archaeal
diversity was influenced by profundity, as it
increased along the water column, indicating
anaerobe metabolism. On the other hand, bacterial
diversity was influenced by dissolved oxygen in the
Itupararanga Reservoir (Figure 4).

Table 3. Shannon diversity index (H) for archaea and
bacteria domains along the water column, from D1
(surface.) to D5 (deep) next to Dam, from E1 (surface.)
to E3 (deep) in the Entrance zone.
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The archaeal density was related to ammonia,
indicating that this metabolism has an important
role in the Itupararanga Reservoir. Liu etal. (2011),
in astudy on the Dongjiang River, observed a higher
archaeal density of Ammonia Oxidizing Archaea
(AOA) than Ammonia Oxidizing Bacteria (AOB),
and found that the AOA was more abundant
than AOB at the lowest ammonia concentration,
indicating that this nutrient is limiting.

On the other hand, bacterial density was related
to chlorophyll and organic solids, indicating
that autotrophic metabolism is predominant
in bacterial communities from Itupararanga
reservoir. The dominance of the cyanobacteria
Cylindrospermopsis raciborskii (Wolozynska)
Seenayya and Suba Raju in the Itupararanga
Reservoir has been observed in different studies
(Cunha & Calijuri, 2011a, b), indicating that this
community has an important role in the aquatic

Sample Archaea Bacteria structure of the Itupararanga Reservoir.
D1 161 1.80 Several studies (Ammar et al., 2014;
b2 3.06 284 A l., 2015) h indi d th
D3 044 254 ntun‘es et“a " ) have indicate t at
D4 3.64 278 C. raciborskii have a preference for ammonia as
D5 395 2.49 a nitrogen source, and therefore the study of the
E1 1.47 1.53 relationship between the nitrogen metabolism
E2 2.25 1.54 of bacteria and archaea and the dominance of
E3 2.50 2.62 C. raciborskii needs to be better understood.
- ADe
L]
BDe
L]
chl
S
© 058 NH4
wn
~ r T " ——— T T
- / - ———eprof
2 DO
2

BDi

ADi

Axis 2 23.49%

Figure 4. Correspondence Canonical Analysis (CCA) between environmental- Chlorophyll (Chl), Organics suspended
solids (OSS), dissolved oxygen (DO), Profundity (Prof) and ammonia (NH4) and biological variables- Archaeal
density (ADe) Bacterial density (BDe), Archaeal diversity (ADi) and Bacterial diversity (BDi) from Itupararanga

Reservoir, SP, Brazil.
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4. Conclusions

The distribution of archaeal communities in the
dam region was little influenced by environmental
variation, as 94% of similarity was observed between
the archaeal communities from the surface and the
bottom. At the entrance the archaeal community
was more influenced by the environmental changes
in the water column than at the dam region, as the
similarity between surface and bottom was 60%.

A lower similarity was also observed between
the bacterial communities from the surface and
bottom at the entrance (52%) and dam region
(42%), indicating that the bacterial communities
were more influenced by environmental variation
than archaeal communities.

The archaeal and bacterial diversities increased
with profundity and the microbial abundance of
both domains were greater in sediments, indicating
that the characteristics at the bottom were more
favorable to the development of microbial groups.

The bacterial abundance from the sediment
of the entrance was greater than that of the
dam, probably due to the nutrient input in the
entrance region, which favors microbial abundance.
Moreover, the bacterial abundance was greater than
the archaeal abundance in all samples, probably due
to the higher metabolic plasticity of the bacterial
communities.

The diversity and density of the archaeal
community were related to profundity and
ammonia, respectively. This is probably due to the
anaerobic conditions at the bottom, which favor
anaerobic metabolism, and the fact that many
archaea observed in aquatic environments are
oxidizing ammonia.

Bacterial diversity and density in turn were
related to dissolved oxygen, chlorophyll and solids,
respectively, indicating the influence of autotrophic
metabolism on the dominance of cyanobacteria in
this reservoir.

The archaeal communities from the Itupararanga
Reservoir were related to mineralization while
the bacterial communities were related to the
autotrophic metabolism.

Despite the fact that the present study used a
small sample, the results encourage more research,
mainly into the role of prokaryotic plankton in the
nitrogen cycle in reservoirs and their interaction
with the predominance of cyanobacteria.
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