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ABSTRACT 

 
Bortolan reservoir (BR), part of the Ribeirão das Antas Hydrographic Sub-Basin, is a dam located in the Poços 

de Caldas Plateau region and characterized by the reception of industrial and domestic residue discharge from 

the city of Poços de Caldas. Another important dam, found within the same hydrographic sub-basin and the 

focus of many studies as well, is Antas reservoir (AR), situated on the proximities of a uranium mine (Brazilian 

Nuclear Industries Ore Treatment Unit – UTM/INB), and the receiver of treated radioactive effluents originated 

there. The UTM/INB Pit Mine (PM) is an artificial pond characterized by its acidity and elevated electrical 

conductivity, besides the presence of radioactive and stable metals. The focus of this study is to determine the 

phylogenetic classification of the Bacteria and Archaea domains, in addition to quantify the bacterial 

community at points PM, BR and AR, seeking to compare the data to results from other analyzed water bodies. 

These microorganisms can be determined with the use of molecular techniques that allow their philogenetic 

identification, such as the Fluorescent in situ Hybridization (FISH) that detects the presence of specific 

organisms’ DNA or RNA. In the FISH method, probes produced from each domain’s DNA fragments are used 

(EUB338 and ARC915), allowing the identification of oligonucleotide sequences with a higher degree of 

similarity. The bacterial cells quantification is verified by the use of the DAPI (4-6-diamidino-2-phenylidole) 

stain, allowing the density calculation of the bacteria found in the samples from AR and BR, as well as from the 

PM. 

 

 

1. INTRODUCTION 

 

Among the different trophic classifications of aquatic environments, the oligotrophic 

environments stand out. Such water bodies present low nutrient concentrations and organic 

matter, where organisms capable of surviving in conditions of scarcity of nutrients such as 

nitrogen and phosphorus can be identified. In the Ribeirão das Antas Hydrographic Sub-

Basin region in Poços de Caldas/MG, it is possible to find aquatic environments with these 

characteristics, where potential environmental impacts have been evidenced due to 

anthropogenic actions from industries located in the vicinity of the reservoirs of this sub-
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basin, such as mining activities, fertilizer production, food industries, fish farming, among 

other activities that lead to the silting of dams and streams [1]. 

 

There are two reservoirs that stand out in the ecological ambit when it comes to this type of 

occurrence. The first aquatic body, where the sub-basin begins, is Antas reservoir (AR), a 

dam which receives treated effluents from the Brazilian Nuclear Industries Ore Treatment 

Unit (UTM-INB), characterized by the presence of high concentrations of heavy metals and 

radioactive chemical species, as well as low pH values [2] [3]. The second studied 

environment is another dam – Bortolan reservoir (BR) – which receives waste discharges 

from industries and residences in the vicinities. 

 

For the identification and analysis of the microorganisms of these environments, some 

methods are necessary for a more comprehensive study of these life forms. One of the most 

commonly used methods in the environmental microbiology field is the FISH (Fluorescent in 

situ Hybridization) [4], which consists of a phylogenetic identification technique used to 

detect the presence or absence of  specific DNA or RNA sequences of each type of organism 

studied. In the FISH method, probes produced from isolated DNA or RNA fragments are 

used, as they are able to identify oligonucleotide sequences with a high degree of similarity, 

allowing the identification of different types of microorganisms in a collected sample [5].  

 

2. MATERIAL AND METHODS 

 

2.1. Physical and Chemical Parameters 

 

In order to identify the physical and chemical quality of the aquatic environments studied, as 

well as their trophic degrees and nutrient quantity on the water samples, physical and 

chemical parameters such as pH, temperature, oxygen, nitrogen, phosphorus, among others, 

were measured. 

 

The determinations of water temperatures were performed in loco, with the aid of a 

temperature sensor (WTW – 320). Water transparency was measured using a Secchi disk of 

25cm in diameter, while the depth was defined with a rope and a Van Dorn bottle. The pH 

values of the water samples were determined in laboratory, with the aid of a pH selective 

electrode (Digimed DM-21). 

 

The dissolved oxygen was determined with a negative electrode for oxygen, using an 

oximeter (WTM Brand, model Oxi 315i). The nutrient concentrations were defined according 

to the following methods: for nitrite, the technique described by [6]; for nitrate and total 

nitrogen, the methodology by [7]; ammonia was determined by the method described by [8]; 

for total nitrogen and total phosphorus the utilized technique was the one described by [9] 

and for total dissolved phosphate and inorganic phosphate, the method by [10]. 

 

2.2. FISH 

 

The FISH method was adapted by [5], [11] and [12]. EUB338 probes for the Bacteria domain 

and ARC915 for Archaea, both stained with Rhodamine were used, as well as polycarbonate 

membranes of 0.22 µm, washing and hybridization buffers with variable concentrations of 

formamide and sodium chloride, paraformaldehyde (PFA - 4%), in addition to laboratory 

equipment and the glassware necessary for the method implementation. 
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2.2.1. Sample collection and cell fixation 

 

The water samples were collected in periods of different seasonalities (rainy and dry) in three 

points at AR (head (P1), point 41 (P2) and point 14 (P3 – surface, through and bottom)), 

located upstream and downstream, one point at the pit mine (P4) and one point at BR (P5 – 

surface, through and bottom). The sampling was conducted with the aid of Van Dorn bottles. 

The depth was measured with a Secchi disk. The water samples were placed in amber vials of 

250mL. 

 

The preparation of the PFA fixative - 4% was conducted diluting 1 part of sample to 3 parts 

of reagent. After fixation, some water samples were sonicated, others were agitated in 

ultraturrax and in some samples two agitation procedures were carried out in order to test 

which one would be the most efficient. 

 

 

2.2.2. Preparation of stock and working solutions 

 

 

2.2.2.1. Probes 

 

The EUB338 and ARC915 probes used in the method were lyophilized in order to resuspend 

them to have the correct concentration from the manufacturer. For that, a known volume of 

sterile Milli-Q water was added, obtaining therefore the stock solution of the probes. The 

work solution was produced diluting the stock in water. The entire process was conducted in 

a dark chamber, storing the probes in eppendorfs wrapped with aluminum foil at -20°C. 

 

 

2.2.2.2. DAPI (4-6-diamidino-2-phenylindole) 

 

The DAPI stain preparation was conducted following [13]. The bacterial density was 

determined according to [14] and [15] and were analyzed in an AxioPlan 2 epifluorescence 

microscope (Zeiss, with HBO100 light), as well as the filters for the rhodamine and Dapi 

stains and the attached camera. 

 

 

2.2.2.3. Buffers 

 

The phosphate buffered saline (PBS) was produced dissolving in sequence the reagents 

described on Table 1, in order to obtain the indicated concentration, adjusting the pH to 7.2. 

 

 

 

Table 1. Reagents and concentrations to prepare PBS 

 

Reagents Final Concentration 

NaCl 130mM 

Na2HPO4 7mM 

NaH2PO4 3mM 
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For the 4% PFA (fixative), 2 g of paraformaldehyde was placed in 40 mL of MilliQ H2O - 

heated to 60 °C. 150 µL of NaOH was added and stirred until complete dissolution. 5 ml of 

PBS was added, the pH was adjusted to 7 and the volume was diluted to 50 ml. The solution 

was filtered through a 0.22 µm membrane.  The fixative may be stored in the refrigerator for 

up to two days.  

 

The hybridization buffer of the FISH method, combined to an ideal temperature and 

incubation period, allows the fluorescent oligonuclides of the probes to be arranged in a 

specific RNA sequence of the cell, promoting the visualization of such sequence in the 

microscope. The buffer is prepared dissolving the reagents from Table 2. 

 

 

 

Table 2. Reagents and concentrations to prepare hybridization buffer 

 

Reagents Quantity 

NaCl 52.6 g 

Tris.HCl 1 M 20 mL 

SDS 20% 0.5 mL 

EDTA 0.5 M 40 mL 

Formamide Variable 

Distilled H2O  q.s.p. 1000 mL 

 

 

 

The formamide concentration depends on the probe, therefore, a stock solution of the 

hybridization buffer without formamide was prepared, and the required amount of the reagent 

was added at the time of use. As the focus of this work is the implementation of the FISH 

method, different concentrations were tested (between 0 and 30%, ranging every 5%). In 

addition, the hybridization time (1.5, 2.0, 2.5, 3.0 and 18.0 hours) and temperature (42, 46, 48 

and 50°C) were also altered. 

 

It is necessary to wash the membrane carrying the filtered sample. To achieve that, a washing 

buffer is used, containing NaCl of specific concentration associated to other reagents, as 

described on Table 3. 

 

 

 

Table 3. Reagents and concentrations to prepare washing buffer 

 

Reagents Quantity 

Tris.HCl 1M 20mL 

SDS 20% 0.5mL 

EDTA 0.5M 40mL 

NaCl 5M 225mM 

Distilled H2O  q. s. p. 1000mL 
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2.3. Preparation of Samples 

 

Once collected, fixed and sonicated and/or agitated in the ultraturrax, the samples were 

filtered with the Millipore kit in a black polycarbonate membrane of 0.22 µm with the aid of 

a vacuum pump.  

 

2.4. Slide Preparation 

 

After filtration, the membrane was placed on top of a glass slide, wrapped in frosted parafilm. 

The pre-heated hybridization chambers were prepared in a stove for 1.5 hours. The 

membranes were cut and an estipuled quantity of hybridization buffer and respective probe 

were placed on each membrane containing the sample. The slides with the membranes were 

placed inside the hybridization chambers and incubated in the oven at stipulated temperature 

and time.  

 

After incubation, the samples were washed, by placing the membranes together with the 

preheated washing buffer in the oven for 15 minutes. After the wash, the buffer excess was 

removed using sterile MilliQ water, and allowed to dry on filter paper. The membranes were 

again placed on the slide protected with parafilm, with 100 µL of DAPI stain with 

concentration of 2 µg.mL-1). They are left in the dark for 5 minutes and after staining, each 

membrane was fixed three times in ethanol and left it to dry on open air. 

 

One drop of low fluorescence immersion oil was spread in a thin glass slide and on top of the 

slide and the oil, the membrane containing the fixed samples was placed. The entire process 

was conducted within laminar flow and in low luminosity, due to the photo-fading 

characteristic of the stains. 

 

2.5 Microscopy 

 

The HBO 100W light was turned on 3 minutes prior to the utilization of the microscope. The 

slide was placed in the chariot and observed using specific lenses for each stain used (DAPI 

and Rodhamine). With a camera attached to the microscope, it was possible to capture images 

and thus process and treat them through the Zeiss AxioVision 4.5 software. 

 

3. RESULTS AND DISCUSSION 

 

According to [16] the water bodies located in the Ribeirão das Antas Hydrographic Sub-

Basin (Antas and Bortolan reservoirs) are considered Class II, based on the [17], once they 

have not been through the normative instrument of framework. In this context, the results 

obtained in the current study were compared to the limits established by the standard 

mentioned above, adopting the foreseen limits for Class II water bodies, as well as the [18]. 

The sampling point located at the Osamu Utsumi pit mine (point PM) does not fall within 

these regulations, as it is compared to the results of uranium and thorium in accordance with 

the criteria described in the [19]. The comparisons can be view in Table 4. 

  

Faced with predetermined limits by the competent bodies mentioned above, the average 

values of fluoride, manganese, zinc and thorium observed were above the limits allowed for 

the Antas reservoir. On the other hand, only the average value of manganese observed was 

above the limits for Bortolan reservoir. The average values recorded in the pit of the mine that 
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were above the limits were sulfate, fluoride, manganese, uranium and thorium as shown in 

Table 4. 

 

We can observe that the environment presenting the highest water chemical quality is the 

Bortolan reservoir, which is oligotrophic and located farther from the nuclear facility. On the 

other hand, the Osamu Utsumi pit mine, as expected, presents the highest concentrations of 

chemical elements found above the limits established by current legislation. 

 

 

 

Table 4: Average values of physical and chemical variables in water samples from 

Antas and Bortolan dams and the Osamu Utsumi Pit Mine (UTM-INB) 

 

Parameter AR BR PM CONAMA COPAN CNEN 

Temperature (ºC) 21.08 21.43 21.93 < 40 < 40 - 

Dissolved Oxygen (mg.L
-1

) 6.83 6.96 6.57 > 5.0 > 5.0 - 

Transparency (m) 1.52 1.25 - - - - 

Collection Depth (m) 0.5 – 6.9 0.5 – 6.0 0.10 - - - 

pH 6.54 6.81 3.84 6.0 – 9.0 6.0 – 9.0 - 

Conductivity (µS.cm
-1

) 298.50 78.73 1347.38 - - - 

Nitrite (µg.L
-1

) 0.60 2.04 1.23 < 1000 < 1000 - 

Nitrate (µg.L
-1

) 58.53 174.59 28.70 < 10000 < 10000 - 

Total Nitrogen (µg.L
-1

) 860.71 701.39 735.00 - - - 

Ammonia (µg.L
-1

) 17.84 64.46 6.50 - - - 

Total phosphorus (µg.L
-1

) 8.34 23.85 4.48 < 50.00 < 50 - 

Dissolved phosphate (µg.L
-1

) 1.77 4.80 1.03 - - - 

Inorganic phosphate (µg.L
-1

) 0.49 1.92 1.46 - - - 

Sulfate (mg.L
-1

) 92.81 26.47 712.74 250 250 - 

Fluoride (mg.L
-1

) 1.45 0.50 39.5 1.4 1.4 - 

Manganese (mg.L
-1

) 0.60 0.31 71.4 0.10 0.10 - 

Zinc (mg.L
-1

) 0.03 0.02 9.95 0.18 0.18 - 

Uranium (mg.L
-1

) ˂ 0.02 ˂ 0.02 2.31 0.02 0.02 0.01 

Thorium (mg.L
-1

) 0.02 0.02 0.09 - - 0.07 

- it does not exist 

 

 

 

The bacterioplankton density values recorded were lower at AR (0,333.10
9
 ind.L

-1
) when 

compared to BR (0,819.10
9
 ind.L

-1
) [20]. These results may be related to the oligotrophic 

conditions of AR, to the possible effects of discharge of effluents from the uranium mine over 

it, as well as lower water chemical quality [1]. The highest concentration of nutrients and 

organic matter recorded at BR can be attributed to several industries and domestic sewage 

coming from residences in the vicinities. 

 

When compared to the three water bodies studied, the lowest bacterioplankton density value 

occurred at PM: 0,182.10
9
 ind.L

-1
. This result could be related to extreme environmental 

conditions in this water body, due to their chemical characteristics: low pH, high electrical 

conductivity and high concentration of heavy metals such as uranium and thorium - factors 
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that can lead to the selection of organisms that are best adapted to extreme conditions, such as 

bacteria of the domain Archaea [1]. 

 

According to the results obtained for water samples collected from points P1, P2, SP3, TP3, 

BP3, SP4, TP4, BP4 and P5 for the independent culture technique of FISH, low specificity of 

the probes used (EUB338 and ARC915) was detected, due to the low fluorescence signal 

obtained in the epifluorescence microscope. This technique is currently going through a 

standardization stage in the Laboratory of Radioecology (LAPOC/CNEN), due to the unique 

environmental conditions of our dams as well as the pit mine. 

 

Tests are being conducted in order to standardize the ideal concentrations of formamide, 

NaCl, ideal hybridization time and temperature in the oven, so that the whole process can 

occur. 

 

The results could indicate that, despite the absence of hybridization when specific probes 

were used for the oligonucleotide sequences of Bacteria and Archaea domains, bacterial cells 

were found in water samples from the aquatic environments AR, BR and PM, which was 

proven by the use of the DAPI stain. 

 

The most satisfying hybridization result obtained occurred at point SBR (sampling date: 

07/07/2009), using 40 µl of hybridization buffer with formamide concentration of 20%, 7 µl  

of EUB338 probe (work solution), wash buffer with NaCl concentration of 225 mM, 

hybridization time of 1h and 45 minutes, and oven temperature at 46°C (Figure 1). 

 

 

 

  
 

Figure 1. Images captured by the camera attached to the microscope. 

Sample: Bortolan Reservoir – Surface 

a) cells stained in DAPI; b) cells hybridized with probe EUB338. 

 

 

 

The tests performed so far, aiming at the FISH technique standardization, are as follows 

(Table 5). 

 

 

a) b) 
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Table 5. Tests for the standardization of the independent culture technique of FISH, 

conducted with water samples from Antas and Bortolan reservoirs, and Osamu Utsumi  

Pit Mine 

 

Points Probes 

Probe /  

hybridization 

buffer (µL/µL) 

Formamide 

(%) 

[  ] NaCl wash 

buffer 

(mM) 

Hybridization 

time (h) 

Hybridization 

temperature 

(ºC) 

P1 

EUB338 

3/16; 5/70 0; 5 

225 

1.5; 2.0; 2.5 46; 48 

P2 6/32 30 1.5; 2.0 46 

P3 3/16 20 2.5 46 

SP4 6/32 20; 30 2.0 46; 50 

TP4 3/16 20 2.5 46 

BP4 6/32; 7/40; 8/50 20; 30 1.5; 2.0 46; 48; 52 

SP5 3/16; 6/32; 7/40 20; 30 1.5; 1.75; 2.0 46 

TP5 3/16 20 2.5 46 

BP5 6/32; 7/40; 8/50 20 2.0; 3.0 46; 48; 50; 52 

 

P1 

ARC915 

6/32; 5/70 0; 5; 20 

225 

1.5; 2.0 46; 48; 

P2 x x x x 

P3 x x x x 

SP4 6/32 20 2.0 46; 

TP4 x x x x 

BP4 x x x x 

SP5 x x x x 

TP5 x x x x 

BP5 6/32 20 2.0 46; 

x = not analyzed 

 

 

 

In recent years, culture-based methods have been combined with molecular methods for 

characterization and identification of cells [21]. The methods based on molecular biology 

have emerged to solve problems in studies of bacteria in environmental samples, avoiding the 

selection of microorganisms that can be caused by the use of culture media [12]. Moreover, 

the simple morphology of most microorganisms provides poor information for their 

identification, leading to erroneous interpretations of their physiological characteristics [21]. 

 

One of the molecular methods used to minimize such errors is the FISH - abbreviation for 

fluorescence in situ hybridization - initially proposed for cell identification in microbial 

ecology studies by [22]. This technique consists in the hybridization of a target 16S rRNA 

specific sequence, present in intact cells, using a fluorescence labeled probe. Due to the 

preservation of bacterial cells, the "FISH" technique allows them to be visualized and 

quantified in their natural environments without the need of culture [5]. 

 

Although this methodology has gained significant acceptance by the scientific community, 

the FISH technique presents conceptual problems, the most evident being the question of 

effectiveness in detecting specific cells that are marked with oligonucleotide sequences [23]. 
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In this study, oligonucleotide probes were used to distinguish between bacteria of Bacteria 

and Archaea domains stained with rhodamine, while considering the most commonly used 

probes [23]. It would be expected that a large number of cells were marked in red when 

observed in epifluorescence microscopy, based on the theory described by the authors that 

"the number of cells detected" with the specific probe for Eubacteria Domain should be 

approximately equal to the total number of bacteria counted in water samples that contained a 

low proportion of Archaea, which is found in most coastal environments and lakes. 

 

However, according to [23], this expectation is not always reported in the literature. Cells 

detected with the specific probe for eubacteria (EUB338), perhaps the most commonly used 

in aquatic studies, range from 1% to 100% of the total bacteria quantified. The source of this 

wide variability in the proportion of detected cells was never fully investigated. However, it 

is clear in the literature that the various protocols used to perform the FISH often yield a wide 

spread of results [24]. Therefore, the variation in the proportion of detected cells using the 

FISH technique can simply be the result of methodological artifacts with little or no 

ecological significance. 

 

On the other hand, it is also possible that the proportion of cells that can be detected with 

oligonucleotide probes may be linked to variations in the physiological conditions of cells 

[25]. Such observation may explain the lack of positive results in water samples from 

collections made in July 2009 and May 2010, where temperatures were lower, likely leading 

to lower metabolic rate of bacterial cells. 

 

According to [23], [26] and [27], numerous papers have indicated that at least in cultures of 

bacteria, there is a direct link among the growth rate and the physiological conditions of cells, 

the rRNA content, as well as the detection of these cells using oligonucleotide probes. 

 

The hypothesis that the detection of cells using the FISH method is directly related to the 

metabolic state of the cell, and that, therefore, FISH can lead to useful information on 

bacterial physiology [28], has rarely been examined in natural communities, but it may 

explain some of the variability in the proportions of detected cells with this method. 

 

Another aspect that has not been well investigated is whether different phylogenetic groups 

present inherently different detection limits and therefore react differently to the same FISH 

protocol. If there are indeed links between the detection by the FISH technique and 

composition or bacterial activity, it is also conceivable that, when using FISH to detection, 

there may be systematic differences in the proportion of cells between ecosystems that differ 

in their trophic status or community composition [23]. This observation can be taken into 

account when compared to the aquatic environments studied, being AR and BR oligotrophic 

reservoirs and PM an oligotrophic environment tending to mesotrophic state and acidic 

waters. 

 

When [23] discussed the sensitivity of the EUB338 probe on the FISH methodology, these 

authors reported that it is impossible to analyze the effectiveness of most hybridization 

probes used because the current number of marked cells is unknown. However, there is only 

an exception - the Universal probe (EUB338): in this case, it is possible to differentiate 

groups of bacteria of the Bacteria from the Archaea Domain. Thus, the EUB338 probe 

should be considered only as an index to analyze the performance of the FISH technique, 
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since, theoretically, the total number of bacteria contained in a sample counted with Dapi 

should be the same as obtained with the FISH technique. 

 

[23] in his review on the use of the EUB338 probe and FISH, cited three environmental 

factors that would influence the detection of cells by the EUB338 probe: type of ecosystem, 

bacterial growth rate and the predominant phylogenetic groups, as well as six methodological 

factors: fixatives used, fluorochrome used, hybridization temperature, formamide 

concentration in the hybridization buffer, NaCl concentration in the wash buffer and counting 

method. Other factors not analyzed in the study of [23] may also have influence on the 

hybridization result such as the probe sequence, the nature of the probe or the number of 

different probes used [12] [29]. 

 

Thus, the effectiveness of FISH, that is, the proportion of marked cells that can be detected 

while using it, deserves a review on both phylogenetic and physiological points. Since the 

detection of cells with the universal EUB338 probe is highly variable and part of this 

variability is due to methodological factors, not only the improvement of the sensitivity of 

FISH protocols, but also attempts to standardize these protocols are suggested. However, not 

all the variability in the percentage of hybridization with EUB probes seems to be only the 

result of methodological artifacts, but also the differences between types of environments, 

which would reflect in differences in the level of bacterial activity between systems and 

between different phylogenetic groups [23]. 

 

Thus, the tests here presented will be continued as further tests will be conducted.  On the 

other hand, according to the literature, we verified that several factors may have influenced 

the results obtained so far. 

 

 

4. CONCLUSIONS 

 

We can conclude that bacterial cells are present in water samples from the environments 

studied. Therefore, further tests will be conducted, aiming to standardize a FISH protocol for 

Bortolan and Antas reservoirs and the Osamu Utsumi Pit Mine. These tests will continue to 

be based on existing literature, seeking future comparisons to aquatic environments that may 

present similar characteristics. 
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