L
Pontificia Universidad

JAVERIANA

Univ.Sci. 26(1): 1-16, 2021
doi:10.11144/Javeriana.SC26-1.dbit

Bogotd

ORIGINAL ARTICLE

Denitrifying bacteria in the limnetic zone of Lake Tota,

Julian Esteban Masmela-Mendoza*', Luz Marina Lizarazo-Forero

Edited by
Juan Carlos Salcedo—Reyes
salcedo.juan@javeriana.edu.co

1. Universidad Pedagégica y Tecnoldgica
de Colombia, Facultad de Ciencias,
Departamento de Biologia, Grupo de
Investigacion Biologia Ambiental,
Avenida Central del Norte 39-115,
Boyacd, Colombia, 150003.

*bio.ambient@uptc.edu.co

Received: 13-01-2020
Accepted: 18-01-2021
Published online: 27-05-2021

Citation: Madsmela-Mendoza JE,
Lizarazo-Forero LM. Denitrifying
bacteria in the limnetic zone of Lake Tota,
Colombia, Universitas Scientiarum, 26
(1): 1-16, 2021.

doi: 10.11144/Javeriana.SC26-1.dbit

Funding: Capital Semilla No. 1, 2015,
from the Research Directorate (DIN) at
Universidad Pedagdgica y Tecnoldgica de
Colombia - UPTC.

Electronic supplementary material:
Supp. 1

Colombia

1

Abstract

The objective of study was to isolate and determine the identity of denitrifying bacteria from
limnetic areas of Lake Tota (Colombian Andes) with and without rainbow trout production activities.
We examined the relationships between the lake’s physicochemical factors (oxygen, nitrogen, and
phosphorus content) and two bacterial communities (denitrifying bacteria and coliforms). Water
samples were taken 20 m below the surface from July to September at five limnetic zones; two of
which were close to rainbow trout farming areas. In each zone, the concentrations of oxygen, nitrogen,
and phosphorus were measured. To identify and quantify the abundance of bacteria, the most probable
number (MPN) technique was used, employing minimal medium for denitrifying bacteria and medium
for nitrate reducing bacteria (NRB). A greater number of denitrifying bacteria were found in the fish
farming zones, identifying bacteria of the genera Bacillus, Pseudomonas, Nocardia, and Streptomyces.
The number of nitrate-reducing bacteria revealed statistically significant differences throughout the
sampling period, increasing from July to September and was related to a decrease in precipitation. The
density of NRB and total phosphorus were directly correlated. High bacterial densities of denitrifying
bacteria and coliforms are indicative of changes from oligotrophic to eutrophic states in the studied
limnetic areas.

Keywords: Denitrifying bacteria; eutrophication; fish farms; freshwater lakes; water pollution.

1. Introduction

The changes in oxidation and reduction of nitrogen (N) in the water column and sediments
of a freshwater lake are mainly produced by microbial communities specialized in the use of
this nutrient [1] Among these microorganisms, denitrifying bacteria [2, 3] fulfill the ecological
function of reducing nitrates (NOj5) to nitrogen gas (N,), which returns to the atmosphere,
contributing to the chemical balance of nitrogen in freshwater aquatic ecosystems [4, 5, 6].

Denitrification is the sequential reduction of oxidized N compounds (NO5 and NO,) to gaseous end
products (NO, N,O, and N,) [2, 7], whereby nitrogen gas (N,) can be released into the atmosphere
or diffused into the water column [1] Denitrifying microorganisms are chemoorganotrophs;
these are generally facultative anaerobic bacteria, but can also be found within a wide range of
taxonomically distinct groups of Bacteria and Archaea.

Denitrifying bacteria include representative cultivable species such as Pseudomonas, Bacillus,
Streptomyces, Frankia, Nocardia, Paracoccus, Alcaligenes, and Thiobacillus among others
[7]. The physicochemical factors that influence the metabolism and distribution of denitrifying
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microbial populations include dissolved oxygen, nitrate concentration, and organic matter [1, 2, 6].
However, it has been documented that some bacteria do not complete the process, in some cases,
they only reduce nitrogen to nitrites, nitrous, or nitric oxides [7].

Lake Tota, located in the department of Boyacd in Colombia is the most important freshwater
ecosystem of the Colombian Andes. It is classified as oligotrophic; however, various activities
developed near the littoral zone, such as the dumping of sewage from neighboring municipalities,
the use of pesticides and fertilizers from agricultural work, and the farming of rainbow trout are
generating an increase in nutrient concentrations that affect the environmental quality of this
freshwater ecosystem [8, 9].

The intense development of the aquaculture industry can cause ecological damage by increasing
the nutrient content which is mainly carbon, nitrogen, and phosphorus from fish excrement,
evisceration products, and leftover fish food. These accumulate in the bottom of the lake, altering
the trophic state of ecosystem [10, 11, 12]. It has been documented that denitrifying bacteria
participate by mineralizing detritus and regulating nitrate concentrations in lakes where fish are
farmed [4, 10, 11, 13].

The purpose of this study was to examine the relationships between Lake Tota’s physicochemical
factors (including pH, alkalinity, dissolved oxygen, oxygen saturation, and electric conductivity)
nitrogen, phosphorus, and the cultivable bacterial community (cultivable denitrifying bacteria
and coliforms) and to provide information for the protection and control of pollution in Lake Tota,
in Boyac4, Colombia.

2. Materials and methods

2.1. Study site

Lake Tota is located on the eastern Colombian mountain range, in the department of Boyaca
between 5°28’ N to 5°39’ N and 72°51’ W [9]. It has an area of 60 km?, with an average depth of
30m and an average temperature of 11 °C. The weather pattern for the lake’s basin is unimodal,
with a dry period from December to March and a rainy period from April to November. It is a
polymictic system, with high concentrations of dissolved oxygen and a neutral pH with tendency
towards basic [14].

2.2. Sampling areas

Five areas were defined in the limnetic zone of the lake as described in Table 1 and as shown in
Figure 1.

Table 1: Sampling areas for Lake Tota in Boyacd, Colombia.

Limnetic zone Coordinates
1 Lago Chico Center 5°32' N 72°53 W
2 Lago Chico Custodia 5°30' N 72°54' W
3 Lago Grande Center 5°32' N 72°55'W
4 Lago Grande Rainbow trout farm-Hato Laguna 5°34’ N = 72°54' W
5 Lago Grande Rainbow trout farm-EI Ttnel 5°33' N 72°56' W
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Figure 1: Sample areas of Lake Tota in Boyacd, Colombia. Green dots indicate sampled areas affected by the
farming of rainbow trout. Blue dots mark sampling areas in central limnetic areas.

2.3. Sampling

For each area samples of the water column were taken at an approximate depth of 20 m for the
analysis of aerobic denitrifying bacteria. This depth is close to the sediment layer in most zones.
Samples (n = 4) for microbiological and physicochemical analyses were taken from July to
September 2015. Samples taken in July correspond to the rainy period and samples taken in
September correspond to the low rainfall period. Four water samples were taken per site; two
samples in the rainy season (July) and two samples in the dry season (August and September).
The samples were taken from the five zones described in Figure 1.

Samples were taken with a horizontal sampling bottle (Wildco Wildlife Supply Company, USA)
and kept in sterile glass containers of 1L, and preserved in dry ice until processing within 12 h.
In-between samplings, the bottle was rinsed with 1 M HCI and sterile distilled water.

2.4. In situ measurement of physicochemical variables

Water pH and temperature were recorded at each sampling location using a Schott instruments D-
55014 Mainz pH meter (Germany); alkalinity and total hardness were assessed using colorimetric
kits (Merck, Germany); dissolved oxygen (DO) and oxygen saturation were measured with a YSI
model 55/12 FT oximeter (YSI Inc., USA) (Add producer’s name and country); and electrical
conductivity was measured with a YSI model 85 conductivity device (YSI Inc., USA).
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2.5. Concentrations of nitrogen and phosphorus

To separate the organic and inorganic layers from total nutrients, 1 L. of water was filtered through
0.45 um nitrocellulose membranes, and the chemical technique of digestion with persulfate was
used to measure total nitrogen, dissolved inorganic nitrogen, total phosphorus, and dissolved
phosphorus [15].

2.6. Most probable number of denitrifying bacteria

The Most Probable Number - MPN technique is a procedure whereby bacterial isolates of a water
or soil sample are cultivated to assess densities. With this approach, an approximate number of
the cultured bacteria in the source of the isolates can be estimated. Furthermore, the presence
or absence of a bacterial population is determined via replicates of consecutive dilutions of the
initial culture. Minimal medium (Suppl. 1) [16] was used to isolate and quantify, via the MPN
technique, denitrifying bacteria from Lake Tota capable of forming ammonium and / or nitrites
from nitrates.

The MPN procedure is described as follows: All of the 1000 mL water samples were pre-
homogenized and employed in serial dilutions (1 x 107, 1x 1072, 1 x 1073, 1 x 107, and
1 x 1073). Of each dilution, 1 ml was allocated in tubes with 9 mL of minimal medium. Five
replicates were done per dilution. The tubes were incubated at 30 °C for 15 days. For the
calculation of the MPN of denitrifying bacteria / 1000 mL, diphenylamine, which detects the
presence of nitrates, was added to each culture tube. If a purple coloration is formed this test is
negative. The Nessler reagent was used to verify the presence of ammonia in the medium; tubes
that developed a yellow coloration were positive for denitrification. The production of nitrites
was checked through the Griess reagent, this test was positive if a red coloration was formed. The
results were analyzed using the MPN calculator version 3.1 software.

2.7. Most probable number of nitrate-reducing bacteria

Nitrite oxidizing bacteria were quantified in NOB medium (Suppl. 1) through the MPN technique
in consecutive dilutions (1 x 1071, 1 x 1072, 1 x 1073, 1 x 107, and 1 x 107?), inoculated in
the medium, and incubated at 30 °C for 28 days, with five replicates per dilution (APHA, 2012).
To observe the dissimilatory nitrate reduction capacity of the nitrite oxidizing bacteria in the
positive and negative tubes of the five dilutions, aliquots were inoculated in a semisolid nitrate
medium (18), incubated at 30 °C for 20 days, and then assessed for the production of nitrites
through the Griess reagent. The MPN mL ™! values of nitrate reducing bacteria were calculated
using the NMP calculator version 3.1 software.

2.8. Isolation of denitrifying bacteria

Aliquots of minimal medium cultures, positive for denitrifying bacteria were streaked-out on solid
minimal medium and sodium nitrate agar [16] (Suppl. 1). These cultures were incubated under
aerobic and anaerobic conditions at 30 °C from 10d to 15d. Subsequently, macroscopic and
microscopic descriptions were made with the isolated colonies. Colonies of Gram-negative bacilli
and coccobacilli were further cultivated on King B agar (Merck, Germany) and pure colonies
were evaluated with a traditional biochemical test battery, including positive fluorescence under
UV light, oxide-fermentative tests for glucose, mannitol and arabinose, sulfate-indole-motility
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(SIM), urea, decarboxylation, and deamination of lysine and gelatin. Sporulated Gram-positive
bacilli were further cultured in MMD and nitrate media and subjected to the biochemical tests of
Vogues Proskauer, gelatin, oxidative fermentation of glucose, and arabinose [17].

2.9. Quantification and isolation of total and fecal coliforms

All water samples from the fish farm at Hato Laguna were membrane-filtered, plated on Chromocult
agar (Merck, Germany), and employed in a MPN protocol for fecal coliforms in Verde Brila
Broth [18] Subcultures were made from Chromocult colonies and positive Verde Brila Broth
culture tubes in McConckey medium (Condalab, Spain), Hecktoen medium (Hispanlab S.A.,
Spain), and Eosin Methylene Blue (EMB) medium (Merck, Germany). These cultures were
incubated between 25 °C to 30 °C and for up to 15 days, depending on the growth rate of the
microbial isolates. Traditional biochemical tests were performed to determine the genera of the
fecal coliforms.

2.10. Statistical analysis

The Kruskall Wallis, U-Mann Whitney test, and the Moses test were used to asses statistically
significant differences in the MPN mL ™! values of the bacterial groups, the lake’s physicochemical
variables, and the concentration of nutrients among the lake’s zones and sampling dates. Bonferroni
corrections were applied (p < 0.005). The Spearman correlation test was performed to assess
the correlation between the abundances of denitrifying bacteria and the lake’s physicochemical
variables. The statistical software used for the analyses was IBM SPSS Statistics (Base 22.0,
2016).

3. Results and Discussion
3.1. In situ Measurement of physicochemical variables

The values of water pH, alkalinity, electrical conductivity, dissolved oxygen (DO), oxygen
saturation, and temperature showed statistically significant differences (p = 0.049; p <
0.05,n = 20) and/or variability (p of Moses = 0.000) among limnetic zones (Table 2).

The pH values of the water samples from Lake Tota revealed statistically significant differences
(p = 0.049; p <0.05,n = 4). The water in zones with fish production activities had neutral pH
(pH Hato Laguna: 6.8 to 7.2), whereas water in central limnetic zones had more alkaline values
(Lago Chico: 7.9-8.1) during the months of low rainfall (Table 2).

Electrical conductivity was higher in all samples taken at Lago Grande El Ttnel (107.5 uS cm™!
to 288.7uS cm™!) than in samples taken at Custodia (103.9uScm™! to 108.5uScm™") and
Hato Laguna (104.6 uScm™! to 109.4 uS cm™"). This superior electrical conductivity value is
indicative of pollution processes in aquatic environments with aquaculture practices [19].

Water dissolved oxygen and oxygen saturation during the months of August and September
were lower in the two rainbow trout farming sites: Hato Laguna and El Tinel (4.09 mgL~! to
4.87mg L) (40.1 % to 47.6 %) compared to central limnetic areas (4.92 mg L~ 't05.10 mg L1
(48.5 % to 52.9 %). Viet and colleagues [20] demonstrated a close relationship between DO
variation and eutrophication in lakes. They argued that daily DO variation can be an important
indicator of eutrophication and suggested it as the main parameter to assess water quality in
eutrophied ecosystems.
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Table 2: Physicochemical variable values and nutrient concentrations recorded for the limnetic zones of Lake Tota,
Boyacé — Colombia. Dur: Total hardness (mgL~!). Temp: Temperature (°C). Cond: Electrical conductivity
(uScm™1). Ox: Oxygen saturation (%). TN: Total nitrogen (mg L™!). IN: inorganic nitrogen (mgL~!). DIP:
Dissolved inorganic phosphorus (mg/L). TP: Total phosphorus (mg L~!). DIP: Dissolved inorganic phosphorus
(mgL~1). 1, 2. July (two samples) 3. August. 4. September. * Statistically significant differences (@ = 0.05)
(p < 0.05).

Zone Months Dur ppH Temp Cond Ox TN DIN TP DIP
1 40 7.9 14.2 104 443 1.8 1.7 0.055 0.072
Lago Chico Centro 2 50 7.6 14.7 105.1 529 1.8 1.6 0.072 0.058
3 35 7.9 143 1385 48.6 1.9 2.4 0.072 0.086
4 45 8 14.8 104  46.4 1.8 1.6 0.066 0.056
1 40 7.8 14.5 105  50.2 1.8 1.7 0.067 0.057
Lago Chico Custodia 2 40 7.5 14.5 106.5 50.2 1.9 1.6 0.055 0.072
3 46 7.7 144 1085 55 1.9 1.7 0.071 0.032
4 46 8 147 1039 51.8 1.7 1.6 0.091 0.046
1 45 7.7 14.6 100.1 50.9 1.8 1.6 0.063 0.081
Lago 2 45 7.5 14.5 105.8 53.1 1.8 1.6 0.059 0.052
Grande Centro 3 45 7.4 144 109.7 485 1.9 1.6 0.09 0.061
4 41 8.1 144 1099 49.2 1.7 1.6 0.078 0.051
1 50 7.5 14.6 106.7 55.6 1.9 1.7 0.073 0.063
Lago 2 40 6.9 14.5 104.6 43.5 1.8 1.6 0.073  0.068
Grande Hato Laguna 3 45 6.8 144 109.4 40.1 1.8 1.7 0.087 0.061
4 45 7.2 145 105.6 40.7 1.7 1.6 0.086 0.061
1 45 73 14.7 2887 525 1.8 1.6 0.069 0.078

P 2 45 7.3 147 1104 51.6 1.8 1.7 0.07  0.06
Lago Grande El Tunel 45 7.0 145 1093 476 18 1.7 0054 0056
4 45 7.9 142 1075 473 1.7 1.6 0.101 0.068

P Values
Between samplig zone 0.96 0.049* 097 029 0.39 0.9 0.6 0.5 0.52
Among samplig dates 0.96 0.11 022 0.19 037 0.010# 0.006%* 0.12 0.22

The concentrations of dissolved inorganic nitrogen (DIN) (p = 0.006; p < 0.05,n = 5) and
total nitrogen (TN) (p = 0.01; p < 0.05,n = 5) differed across months. These two variables
had higher values in August (DIN: (1.82 4 0.32) mgL~!; TN: (1.86 £ 0.06) mg L") than in
July (DIN: (1.63 & 0.02) mgL~!; TN: (1.80 & 0.03) mg L™!), which was the rainiest month.

The concentrations of total phosphorus (TP = 0.087 mgL™'700.101 mgL~") and dissolved
inorganic phosphorus (DIP = 0.078 mg L™'#00.068 mg L") were higher in the water column of
the lake areas with fish farming (Hato Laguna and El Tinel), compared to the limnetic areas of
the center of the lake.

Likewise, during the rainy months the values of total nitrogen and dissolved inorganic nitrogen
were higher in Hato Laguna in relation to the values observed in less polluted areas. An increase
in C and N levels in aquatic environments with fish farming is a consequence of the excessive use
of concentrates to feed the fish and their excreta, which are deposited in the lake sediments [21]

3.2. Most probable numbers (MPN) for denitrifying and nitrate reducing bacteria

There were no statistically significant differences between the abundances of denitrifying bacteria
across months or among sampling zones (p = 0.409; p < 0.05,n = 4). However, denitrifying
bacteria were more abundant in samples from Lago Grande Hato Laguna (Figure 2) than in samples
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from other lake zones from July to September (4.2 x 10* MPNmL™! to 2.4 x 10 MPN mL™").
This is probably related to the high organic matter content and nitrogen input from fish farming
activities.

According to a former study [14], Lake Tota is meso-oligotrophic, with high rates of eutrophication
in zones such as El Tanel, where fish farming is practiced and where nutrient concentrations of N
and P are high. Denitrifying bacteria become more abundant in lakes as trophic levels are added
and anthropogenic contamination is accentuated. These two events elevate the concentration of
nitrates and nitrites in fresh water ecosystems [4].

The MPN of nitrate reducing bacteria revealed statistically significant differences across months
(p = 0.026; p < 0.05,n = 5). Specifically, nitrate reducing bacteria numbers were lower in
July (7.4 x 103 MPN mL~! to 3.5 x 10* MPN mL~!) than in August and September (2.7 x 10*
MPN mL™! to 2.4 x 10° MPN mL™!) (Figure 2). The abundance of nitrate reducing bacteria
for the sampled zone of Lago Grande was higher in the period with low rainfall (4.6 x 10°
MPN mL ! to 2.4 x 10° MPN mL™!), compared to the rainiest months (1.1 x 10* MPNmL™! to
3.4 x 10* MPN mL™).

The production of bacterial biomass is determined by an increase in the concentration of a limiting
nutrient such as nitrate. This stimulates the growth and reproduction of the microbial communities
that exploit the resource [6], namely denitrifying populations. In addition, increasing the trophic
status in an ecosystem rises bacterial density is what we observed in the limnetic zones with fish
farming activities in Lake Tota.
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Figure 2: Abundance (expressed in term of MPN mL~!) of cultured denitrifying bacteria (DB) and nitrate reducing
bacteria (NRB) from the limnetic zones of Lake Tota in Boyacd, Colombia, during the rainy season. Months: July (1
and 2), August (3), and September (4).
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3.3. Correlations between nutrients, physicochemical variables, and abundance of cultivable
denitrifying bacteria

In Lake Tota, pH was uncorrelated with the abundance of denitrifying bacteria. However, we
observed that pH values tended to be neutral-to-acid in the fish farming areas of the Lake. A low
pH can favor the increase of denitrifying bacteria populations, and an alkaline pH affects their
growth [4]. Consequently, we observed a low abundance of denitrifying bacteria in the central
limnetic zones of Lake Tota.

Denitrifying bacteria abundances were on average correlated with temperature only (Spearman’s rho =
0.477, p = 0.036, p < 0.05). Temperature is a factor that positively influences denitrification
rates, since it increases the growth of microbial populations in the summer or low rainfall periods
[4]. Likewise, a correlation has been observed between temperature and abundance of denitrifying
bacteria, assessed via a qPCR method, in a freshwater lakes and wetlands [5, 6, 22]. In these
studies, the highest rates of denitrification, carried out by mesophilic microorganisms, were
recorded in the summer and early autumn periods. Although denitrification can take place within

a temperature range from 5 °C to 78 °C [5].

Oxygen saturation values were not significantly correlated with any of the other variables. However,
it varied (p < 0.000) between the Lago Chico and Lago Grande zones. This physicochemical
condition could have influenced the high abundances of denitrifying bacteria recorded in the
zones with fish farming, where oxygen is lower compared to the other zones.

In a recent study [23], higher denitrification potentials were identified in highly productive lakes,
located at relatively low altitudes and small basins, with warmer sediments, and a high relative
abundance of denitrification nitrite reductase genes. This indicates that denitrification could play
a role important as a sink for enhanced deposition of atmospheric N [23].

Although no correlation was found between the abundance of denitrifying bacteria and dissolved
oxygen and oxygen saturation, oxygen could have influenced the abundance of denitrifying
bacteria in the rainbow trout zones, where its concentrations were low. Zhao and colleagues
[4] also reported a negative correlation between the abundance of lake denitrifying bacteria and
dissolved oxygen concentrations. At low concentrations, oxygen favors the presence of facultative
anaerobic bacteria [3, 6].

We observed a direct average correlation between the concentrations of total phosphorus (r =
0.477, p = 0.034, p < 0.05) and the nitrate reducing bacteria populations from the sampling
zones Chico Custodia, Grande Centro, and Hato Laguna. Sun et al. [24] described that phosphorus
is used by denitrifying bacteria, under aerobic conditions. These bacteria can absorb short chain
fatty acids and phosphates, which they store in polyhydroxyalkanoate inclusions or granules.
Under anaerobic conditions denitrifying bacteria release fatty acids into the aquatic environment.

3.4. Denitrifying bacteria

Twelve bacterial isolates of denitrifying bacteria were cultivated, of which seven were identified
as Bacillus spp.; two belonged in the order Actinomycetales, namely the genera Streptomyces spp.
and Nocardia spp.; and two were Pseudomonas spp.

We observed the formation of translucent halos in nitrate medium inoculated with Bacillus
spp. The diameter of the halos ranged between 0.5cm to 1cm. The isolated bacteria are
likely to be Bacillus megaterium, Bacillus lentus, Bacillus firmus, Bacillus licheniformes, and
Bacillus psychrosaccharolyticus, with certainty percentages between 80 % and 99 %. Two of
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these grew under anaerobic conditions. From water contaminated by nitrates we isolated mainly
Bacillus cereus, Bacillus thuringensis, and Pseudomonas aeruginosa. From these three species,
isolates with good nitrate degradation capabilities have been found under heterotrophic aerobic
metabolism, at 30 °C and a basic pH [13]. Also, the intestinal microbiota of the rainbow trout
is mainly composed of bacteria from the phylum Firmicutes; when released by the fish in their
feces, these bacteria can form denitrifying communities associated with the sediment [25]. We
observed colonies growing in King B medium. Based on biochemical tests, we were able to
identify them as Pseudomonas fluorescens and Pseudomonas stutzeri, with certainties of 90 %
and 89 %, respectively.

In environments contaminated by high nitrogen loads, denitrification is proposed as an important
nitrate removal process, regulating the effects on phytoplankton growth [6, 11]. Additionally,
there is evidence that bacterial denitrification can act as a self-purifying mechanism for nitrate
removal in high mountain lakes [26]. Some of the populations of the denitrifying bacteria of Lake
Tota were heterotrophic, contributing to the decomposition of the organic matter from fish food in
the water column and in the supernatant of the sediments [1].

Within the group of denitrifying bacteria of Lake Tota some genera were identified belonging to
the families Pseudomonadaceae, Bacillaceae, and Enterobacteriaceae. These have been isolated
with more frequency from lakes with increasing nitrate contamination levels [13, 26].

The most frequent bacterial genera isolated from rainbow trout farming zones in lakes are
Pseudomonas and Bacillus [11, 13]. These two genera are the most representative in denitrification
process, can be heterotrophs, and can mineralize organic matter in such aquatic ecosystems [2].
Lv et al [11] isolated Pseudomonas spp. from the water column of a eutrophic lake and identified
P. stutzeri and P. fluorescens. P. stutzeri performs a complete denitrification (from nitrates to
gaseous nitrogen) under aerobic conditions and has been identified in fish tanks [6].

When the populations of Pseudomonas spp is high in fresh water, these bacteria can become
opportunistic fish pathogens. For example, P. fluorescens is the most important species associated
to fish pathology specially skin and fin diseases [27]. There are records of species such as
Pseudomonas putida and Pseudomonas aeruginosa as opportunistic pathogens in farmed fish. In
trout farms, P. fluorescens has been reported during every year regardless of the water temperature,
infections that can cause mortality of about 100 % in a rainbow trout population [27]. Equally,
other species, such as P. putida and Pseudomonas luteola, make up the intestinal and internal organ
microbiota, though some Pseudomoas species can cause a type of septicemia called “strawberry
disease” in rainbow trout [27].

In the present study, other identified denitrifying genera were the Actinomycetes, Streptomyces
and Nocardia. Both possess the ability to reduce nitrates to ammonium [3, 7]. Actinomycetes
are characterized by their high capacity of mineralization of organic compounds. These bacteria
can strengthen the immune system and resistance to diseases in fish by producing vitamins and
antibiotics against pathogenic bacteria, shaping the intestinal microbiome of rainbow trout fish
[25].

Isolates of Bacillus spp. were also obtained. Bacillus spp. are capable of performing denitrification
in both aerobic and anaerobic conditions. Bacillus spp. may arise in the water column from the
excreta of fish, as it makes up the intestinal microbiota of the fish [28], or from the sediments and
soils of the lake, remaining in the water column for a short time. Bacillus spp. may reach the
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sediment mainly during rainfall periods, forming non-native populations in aquatic ecosystems.
Bacillus populations are beneficial to fish health as they produce exopolysaccharides that possess
antimicrobial activity against pathogens such as Vibrio spp. [29].

The species B. licheniformis, B. lentus, and B. firmus were isolated from Lake Tota, possessing
aerobic and anaerobic denitrification capacities. The only prior study related to denitrifying
bacteria involving Lake Tota was conducted in contaminated onion crop soils near the lake’s
littoral zone [30]. In this study B. licheniformis and P. stutzeri, were isolated from the limnetic
zones of the lake. In addition, the same study [30] investigated in vitro denitrification, revealing
an important biochemical characteristic of Bacillus spp. for possible uses in bioremediation [13].
Likewise, the isolation of aerobic denitrifying bacteria is important for bioaugmentation-based
water treatment [11, 12, 13].

All the isolates obtained possessed the capacity of aerobic denitrification and were heterotrophic.
This is an important biochemical property of the selection of strains for the purification of the
water column of lakes affected by rainbow trout farming, since these bacteria are known to
facilitate the purification of the nitrate polluted surface water [11, 22].

3.5. Coliforms

Values greater than 1 x 10* CFUmL ™! and 1.1 x 10* MPN mL ™" of total coliforms were obtained
in the fish farming zones of lake Tota. The following genera were identified: Escherichia spp.,

Klebsiella spp., Proteus spp., Edwardsiella spp., and Citrobacter spp. with certainties between
84 % and 92 Y%o.

Ribeiro et al [31] isolated enterohaemorrhagic E. coli from trout farming ponds. The presence of E.
coli in the waters for fish production at Lake Tota is an indicator of persistent fecal contamination
that may come from domestic wastewater, bovine feces, or fish feces. This situation poses a health
risk to the final trout meat consumer, as it may be a vehicle for the transmission of enteric diarrheal
diseases [29]. In ecosystems receiving contamination from sewage and freshwater habitats, total
coliforms reduce nitrates to nitrites, thus participating in denitrification processes. The values of
total coliforms in Lake Tota were acceptable according to existing national regulations for the
development of the fish farming industry (Decree 1575 of 2007, Republic of Colombia).

Some heterotrophic bacteria that inhabit waters and sediments can cause diseases in fish [10].
Therefore, if the population density of these microbial groups increases considerably, fish health
can be threatened, affecting fish farming in the zone. Furthermore, diseases produced by Vibrio spp
can be generated due to excessive feeding, high fish density, increased number of microorganisms,
such as coliforms and heterotrophs, as well as the loss of water quality due to excessive nutrients
[32].

4. Conclusions

In Lake Tota, the populations of denitrifying bacteria were higher in the zones where rainbow trout
farming is practiced than in the lake’s central limnetic zones during the rainy months. Among
the identified denitrifying bacteria, members of the genera Bacillus, Pseudomonas, Nocardia,
Streptomyces, and Nitrobacter were identified. Total coliforms such as Escherichia spp., Klebsiella
spp., Proteus spp., and Citrobacter spp. were also isolated from the lake.
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Slightly higher values of dissolved inorganic nitrogen, dissolved inorganic phosphorus, total
phosphorus, electric conductivity, and lower concentrations of dissolved oxygen characterize the
lake’s limnetic zones where rainbow trout is farmed. These are indicators of a change in the
oligotrophic state of the lake.

An elevated number of denitrifying bacteria in Lake Tota can increase the risk of disease
development in fish by opportunistic microbial pathogens. High bacterial densities are indicative
of changes in the trophic status in the limnetic areas of the lake due to inadequate fish production
activities.
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Bacterias denitrificantes en la zona limnética del Lago de Tota, Colombia

Resumen: El objetivo de este estudio fue aislar y determinar la identidad de las bacterias
denitrificantes de 4reas limnéticas de Lago de Tota (Andes Colombianos) con y sin actividades
de produccion de trucha arcoiris. Se examinaron las relaciones entre los factores fisicoquimicos
del lago (oxigeno, nitrégeno y contenido de fosforo) y dos comunidades bacterianas (bacterias
denitrificantes y coliformes). Se tomaron muestras de agua a 20 m bajo la superficie entre
julio y septiembre en cinco zonas limnéticas; dos de ellas estaban cerca de areas de cria
de trucha arcoiris. En cada zona se midieron las concentraciones de oxigeno, nitrégeno y
fésforo. Para identificar y cuantificar la abundancia de bacterias, se usé la técnica de Nimero
Mis Probable (NMP), utilizando medio minimo para bacterias denitrificantes y medio para
bacterias nitrato-reductoras (BNR). Se encontré un nimero mayor de bacterias denitrificantes
en las zonas de cria de peces, identificadas como los géneros Bacillus, Pseudomonas, Nocardia
y Streptomyces. El niimero de bacterias nitrato-reductoras revel6 diferencias estadisticamente
significativas a lo largo del periodo de muestreo, aumentando de julio a septiembre, y
se relacion6 con una disminucién en la precipitacion. La densidad de BNR y el fésforo
toral estuvieron directamente correlacionados directamente. Altas densidades de bacterias
denitrificantes y de coliformes son indicativo de cambios de estados oligétrofico a eutréficos
en las dreas limnéticas estudiadas.

Palabras Clave: Bacterias denitrificantes; eutroficacion; criaderos de peces; lagos de agua
dulce; contaminacion acuatica.

Bacterias denitrificantes en la zona limnética del Lago de Tota, Colombia

Resumo: O objetivo de este estudo foi isolar e determinar a identidade das bactérias
desnitrificantes de dreas limnética do Lago de Tota (Andes Colombiano) com e sem atividades
de produgdo de truta arco-fris. Examinaram-se as relagoes entre os fatores fisico-quimicos do
lago (oxigénio, nitrogénio e conteido de fésforo) e duas comunidades bacterianas (bactérias
desnitrificantes e coliformes). Tomaram-se amostras de dgua a 20 m de profundidade
entre julho e setembro em cinco zonas limnética; duas delas proximas a drea de criacao
de truta arco-iris. Em cada zona se mediram as concentra¢des de oxigénio, nitrogénio
e fosforo. Para identificar e quantificar a abundancia de bactérias, se utilizou a técnica
de Nimero Mais Provavel (NMP), usando meio minimo para bactérias desnitrificantes e
meio para bactérias nitrato-redutoras (BNR). Se encontrou um nimero maior de bactérias
desnitrificantes nas zonas de criacdo de peixes, identificadas como sendo dos géneros Bacillus,
Pseudomonas, Nocardia e Streptomyces. O nimero de bactérias nitrato-redutoras revelou
diferencas estatisticamente significativas ao longo do periodo de amostragem, aumentando de
julho a setembro, o qual foi relacionado a uma diminui¢ao da precipitacdo. A densidade de
BNR e fésforo total estiveram diretamente correlacionados. Altas densidades de bactérias
desnitrificantes e de coliformes sdo indicativos de alteragdes de estado oligotréfico a eutréfico
nas dreas limnética estudadas.

Palavras-chave: Bactérias desnitrificantes; eutroficacdo; criadouro de peixes; lagos de dgua
doce; contaminagdo aquatica
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