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Probes research and validation for mandatory microbial contaminants 

in drinking-water samples identification 
 

Ana T. Silva 
October 2007 

Abstract 
The monitoring of waterborne pathogens is considered of major importance in public health assurance. Routine and widely accepted techniques to 

evaluate the microbiological water quality have some limitations, such as high response time, low specificity, or the limited analysis that can not 

embrace many important pathogens. The use of indicators makes the analysis easier, but the correlation between the presence of indicators and 

pathogens in the same sample is limited. Several efforts to find other ways for pathogen detection have been made by scientific community. This 

study aims at developing a quick method to simultaneously detect several micro-organisms (bacteria, protozoa, and virus) in water samples by the 

use of a DNA chip. The work has begun with Portuguese and European Community mandatory micro-organisms and indicators: Total Coliforms, 

Escherichia coli (Faecal Coliforms), Enterococcus faecalis, Enterococcus faecium and Clostridium perfringens. NCBI Nucleotide Blast had 

shown homology between each probe and its target micro-organisms. Positive results were obtained for all DNA probes in the validation step by 

Southern Blotting.  

Keywords: Drinking water quality, Indicator micro-organisms, DNA probes, Southern blot. 

1. Introduction 

High drinking water quality is required under all the physical, 

chemical and biological parameters. Microbiological parameters 

evaluation is of major importance for public health assurance. 

Microbiologically safe water means that it must be free of pathogens. 

1.1. Portuguese and European Community legal overview  

This work focuses Portuguese and European Community mandatory 

microbiological parameters and indicator parameters required to water 

intended for human consumption, delivered by public distribution 

systems, trucks or cistern-ships, or used in the alimentary industry. 

Parametric values and type of contamination associated to those 

parameters are present in Table 1. 

Table 1: Parametric values and associated contamination for microbiological 

parameters and indicator parameters(*) (DR, 2001; DWD, 1998; WHO, 2006a). 

Parameter 
Parametric value 

(number/100mL) 
Type of contamination 

Total Coliforms * 0 Faecal contamination 

E. coli 0 
Recent faecal 

contamination 

Enterococcus 0 
Recent faecal 

contamination 

C. perfringens * 

(including spores) 
0 

Old or intermittent faecal 

contamination 
 

Micro-organisms more frequently recovered from water are those 

from aquatic natural flora, human and warm-blooded-animal intestinal 

flora and enteropathogens. Faecal contamination traces present in 

water destined for human consumption should be rigorously 

controlled (Rompré et al., 2002). 

Indicators are commonly used for the evaluation of microbiological 

drinking water quality. The presence of an indicator means that 

pathogenic micro-organisms are probably present. A good indicator 

has to have origin in the intestinal flora of human and warm blooded 

animals and must be always present in faecal environment; has to 

survive longer than most viable pathogens and its detection has to be 

easier, faster, more sensitive and cheaper than that of the pathogens 

which presence it indicates (Cimenti et al., 2007). 

1.1.1. Coliform group: typical and atypical coliforms 

Coliform bacteria are used as indicators because they are present in 

larger number and high concentration than pathogenic bacteria and are 

frequently isolated from faeces and residual water. Grouped due to 

their biochemical characteristics, coliform group includes a great 

diversity of genus and species. They are Gram positive, rod-shaped, non 

spore forming, oxidase negatives, aerobic or facultative anaerobic 

bacteria, belonging to Enterobacteriaceae family (Leclerc et al., 2001).   

Although indicating faecal contamination, the presence of coliform 

bacteria is not always sufficient to state faecal origin of the 

contamination because many coliform bacteria have environmental 

origin (saprophytes). Those coliform bacteria that do not determine 

the faecal origin of the contamination are called atypical coliforms.  

Coliform genera with recognized faecal origin, mentioned in Leclerc 

et al. (2001) as having occurrence in water, are: Citrobacter, 
Enterobacter, Escherichia, Klebsiella, Moellerella, Morganella, 

Providencia, Salmonella, Shigella and Yersinia. Even within these 

genera, faecal origin of contamination is not necessarily accurate 

because most species can be present both in faecal and non-faecal 

environments.  

Typical coliform are those that are exclusively from faecal 

environments. Also called faecal coliforms, their presence is detected 

with the detection of E. coli, which is considered the most important 

representative of faecal coliforms (WHO, 2006a). Besides this 

species, many species of Shigella can be included in faecal coliform 

group, since its detection can not be separated from the E. coli 
detection with both classic and molecular methods. 

The intestinal origin of faecal coliform bacteria determine their loss of 

viability after being in water for a few weeks once they left their 

natural environment. Therefore, their presence in water samples 

indicates recent faecal contamination.  

1.1.2. Other parameters 

Enterococcus genus bacteria, formerly Lancefield group D 
Streptococcus, are Gram-positive, aerobic or facultative anaerobic, 

catalase negative and non spore forming bacteria. Most are α or γ-

haemolytic. Since enterococci are present in human and animal 

natural intestinal flora and remain viable in water for short periods of 

time but longer than E. coli, Enterococcus bacteria are indicators of 

recent faecal contamination (Paul et al., 1995; WHO, 2006a). 

An indicator parameter that is usually present in human and animal 

faeces is C. perfringens, a strictly anaerobic, spore-forming and 

sulphate-reducing species. Its spores are extremely resisting to water 

chlorine disinfection treatments and can survive in water much longer 

than non spore forming bacteria. Then, this species is a very useful 

faecal indicator for old or intermittent contaminations. 

The number of colonies per millilitre (Colony count 22 ºC and 37 ºC) 

is another indicator parameter that provides some information about 

aerobic bacteria present in a water sample. Faecal origin can be 

mainly associated to bacteria that grow quickly at 37 ºC and 

environmental origin to bacteria that grow quickly at 22 ºC (DR, 

1998; DR, 2001; DWD, 1998). 

If faecal contamination is present, additional information is possible to 

be obtained from the analysis of two of the referred parameters. The 

ratio between faecal coliforms and Enterococcus (number per 

millilitre of sample) indicates the origin of faecal contamination. A 

ratio value between 2 and 4 indicates both human and animal 

contamination; if ratio value is less than 0.7, it indicates animal 

contamination; and if is more than 4, it indicates human contamination 

(Cappucino and Sherman, 1983). 

1.2. Recommendations from World Health Organization 

World Health Organization (WHO) recommends risk quantification 

and definition of parameter values intended for drinking water by 

competent authorities, aiming to protect public health. Guidelines for 

drinking-water quality (WHO, 2006b) refer health effects associated 



 

with several micro-organisms (bacteria, virus, protozoa and helminths) 

and also cyanobacteria toxins. Among these micro-organisms are 

coliform bacteria, including the genera Escherichia (E. coli), 
Kleblsiella, Salmonella, Shigella and Yersinia. All of them lead to 

mild or severe gastrointestinal symptoms; some of those provoke 

other effects including meningitis and HUS (haemolytic uraemic 

syndrome) (E. coli), persistent nosocomial infections and destructive 

pneumonia (Kleblsiella), and septicaemia (Salmonella) (WHO, 

2006a). 

1.3. Classical and Molecular methods for water 

microbiological quality evaluation 

1.3.1. Classic Methods 

Multiple-tube fermentation technique, a classic method for water 

quality evaluation, was used for over 80 years. This three-step method 

consisted of presumptive test, confirmed test and completed test, and 

could estimate most probable number (MPN) of total coliforms and 

faecal coliforms per 100 mL of water sample. In the presumptive test, 

different decimal dilutions were incubated at 35 °C for 48 hours in 

lactose broth or lauryl tryptose broth. A positive result could be 

observed when gas or acid production or abundant growth was visible. 

The confirmation of these positive results was done by incubation at 

35 °C in brilliant green bile broth. Gas formation within 48 hours 

indicated a positive result in the confirmed test. The third step, applied 

to determine total coliforms that are faecal coliforms, gives a positive 

result when there is gas production after incubation at 44.5 °C for 24 

hours in EC broth. The total multiple-tube fermentation method took 

at least four days (Rompré et al., 2002).  

Nowadays, the method utilized to perform bacteriological water 

analysis is Membrane Filtration technique combined with selective 

culture media for each parameter. This method consists of a vacuum 

filtration of an appropriate water sample volume, through a sterile 

membrane of 0.45 µm pore, where bacterial contaminants are 

retained. After this step, the membrane or filter is incubated in a 

selective medium, at an appropriate temperature. This method has 

some advantages over multiple-tube fermentation method, such as the 

shorter response time, the larger volumes of water that can be 

analyzed and the greater accuracy and reproducibility of the results 

(Cappucino and Sherman, 1983).  

Before the onset of rapid enzymatic methods, the water 

microbiological analysis was done through biochemical tests based on 

metabolic reactions. Therefore, the identification of micro-organisms 

present in a sample had low specificity, and there was a need for 

several additional confirmation tests. The development of detection 

methods based on the specific enzymatic activity much improved the 

specificity and sensitivity of classical methods (Rompré et al., 2002), 

but they still have inadequate specificity and response time.  

Coliform bacteria are identified based on β-D galactosidase activity, 

as most coliform bacteria carry out specifically lactose fermentation at 

35 to 37 °C in less than a 24 hours incubation, with acid and gas 

production (H2 and CO2). Therefore, total coliform detection in a 

water sample is performed by incubation at 37 ºC of a filter containing 

the bacteria present in a given volume of water sample (Membrane 

Filtration technique) (WHO, 2006a). The selective culture medium 

used in this determination contains bile salts or sodium lauryl sulphate 

(compound that inhibits the growth of Gram-positive bacteria, to 

exclude Enterococcus spp.), according to the international standard 

ISO 9308-1 (DWD, 1998).  

Faecal coliform are identified according to the international standard 

ISO 9308-1 (DWD, 1998). Generally, they synthesize the β-D 

glucuronidase enzyme and possess the uidA gene, and have the 

specific ability to ferment lactose when incubated at 44 to 45 °C for 24 

to 48 hours, unlike other coliforms. This specific faecal coliforms’ 

capability is used to confirm the faecal origin of the coliform bacteria 

detected in a water sample by membrane filtration technique with a 

selective medium. Indole test, another test performed to distinguish E. 
coli from the remaining thermotolerant coliform, is based on the 

ability of this species to produce indole from tryptophan and is 

achieved with Kovacs reagent. Any of these methods is valid for the 

identification (WHO, 2006a).  

The specific identification of Enterococcus spp. by classical methods, 

is performed using bile-aesculin agar incubating at 35 to 37 °C for 48 

hours (WHO, 2006a), according to the international standard ISO 

7899-2. This medium contains peptone, bile salts, iron citrate, aesculin 

and agar. Enterococcus spp. hydrolyse aesculin, forming aesculetin 

and dextrose. The aesculetin combines with the iron citrate, forming a 

dark-brown or black complex. The bile salts are present to attest bile 

tolerance (DWD, 1998, Giménez-Pereira, 2005).  

C. perfringens (including spores) is detected by anaerobic growth, in the 

selective medium m-CP agar, at 44 °C for 21 hours. After that, the 

yellow-opaque colonies subjected to Ammonium hydroxide exposure 

for 20 to 30 seconds that change to the colour pink or red are counted, 

according to the procedure described in DWD (1998).  

1.3.2. Molecular Methods 

One of the methods applied to molecular microbial analysis of water 

is a PCR reaction with specific primers to the target micro-organism. 

For example, Toranzos et al. (1993) performed the detection of 

enteropathogens in water by quantitative PCR and most probable 

number-PCR. Delabre et al. (1998) used PCR for pathogen detection 

(Aeromonas hydrophila, Salmonella and entero-hemorrhagic E. coli) 
and also assessed their viability by repeating the same procedure after 

a 20 hours culture (Delabre et al., 1998). Quantitative PCR was also 

used to detect Enterococcus spp. in water samples, comparing these 

results with the results of membrane filtration technique (Haugland et 
al., 2005). Carson et al. (2001 and 2003) used ribotyping and 

repetitive extragenic palindromic-PCR (rep-PCR) to distinguish 

between E. coli of human and not human origin. Comparing the two 

methods, the second one proved to be more accurate, reproducible and 

efficient. Meacham et al. (2003) analyzed a large collection of E. coli 
isolates by enterobacterial repetitive intergenic consensus-PCR. 

Despite being a faster and cost-effective technique compared to PFGE 

(pulsed-field gel electrophoresis) or multilocus sequencing, its 

reproducibility was questioned. 

A study was carried out by Simpson and Lim (2005) for the 

construction of a fiber optic biosensor that could detect E. coli O157: 

H7, performing direct PCR from the bacteria present in the fiber optic 

waveguides, and reduce the time of analysis for two hours.  

It was also developed a portable system that includes sample preparation 

and analysis in a DNA chip, which results can be achieved after two 

periods of about 25 minutes. This system containing 20-mer 

oligonucleotide probes was used to discriminate E. coli, Bacillus subtilis, 
Bacillus thuringiensis and human HL60 cells (Bavykin et al., 2001). 

Other examples of molecular methods used in water analysis could be 

exposed but, as a completion of this point, it can be said that the 

molecular methods have great advantages over classical methods, 

such as a greater specificity and a shorter response time. However, a 

solution that performs a fast, simple, inexpensive and more 

comprehensive analysis is still missing.  

1.3.3. Classic Methods versus Molecular Methods 

The use of classical microbiology methods requires a culture step (24 

to 48 hours) and the analysis results are often known after the use of 

inappropriate water. Apart from the time taken, these methods have 

several limitations, such as the interference of micro-organisms than 

those searched in a particular analysis, the lack of specificity, the poor 

detection of slow-growing or viable but non-culturable micro-

organisms (Rompré et al., 2002).  

The lack of coverage in the determination of certain parameters by 

classical methods, even those based on a specific enzymatic activity, 

is also a limitation. For example, there are E. coli strains that do not 

present β-D glucuronidase activity, and thus are not detected by 

classical methods that rely on this activity. But the uidA gene, 

corresponding to that enzyme sequence, is present in most E. coli 
strains, even those that do not have the corresponding enzymatic 

activity (Feng et al., 1991).  

Molecular methods specificity can be limited, for example, regarding 

on the determination of E. coli species. Since E. coli is the maximum 

representative of faecal coliform group, it also may include other 

bacterial genera, as several Shigella species that also have the β-D 



 

glucuronidase and the corresponding uidA gene (Rompré et al., 2002). 

Thus, faecal coliform determination based on the presence of this 

enzyme, either by classical or by molecular methods, will not be 

restricted to E. coli species. Spierings et al. (1993) also supports the 

inclusion of the Shigella genus in the faecal coliform group, based on 

two coding regions of the protein PhoE exposed on the cell surface, 

tested by PCR, which revealed positive results for all E. coli and 

Shigella tested, except S. boydii serovar 13.  

Another existing limitation in water microbiological analysis is the 

limited relationship between the presence of indicator organisms and 

pathogens, and it is not possible to guarantee the absence of pathogens 

when indicators are not present. Therefore, the need for a broader 

spectrum of tested organisms arises, coupled with the need for high 

sensitivity and specificity rapid tests.  

To perform routine analysis broader than those currently performed 

using the classical microbiological methods, it would be necessary to 

multiply the material and human resources, which would be 

economically unviable. In addition, a comprehensive analysis based 

on the same methods do not allow to a quick response.  

1.4. Aquachip Project 

Aquachip Project aims to enable the performance of a rapid and 

simultaneous analysis of the most important contaminant micro-

organisms found in water, which are potential risks to public health 

considering WHO’s recommendations, by the implementation of 

DNA probes in a DNA chip. In the chip, a parameter outcome is 

obtained through the analysis of the signal or signal combination from 

the probe or the several probes designed for that parameter.  

Until now, there is no effective solution to detect rapidly and 

simultaneously the presence of such a large number of different 

microbiological contaminants as the proposed by Aquachip project. 

For example, the analysis with the fiber optic biosensor (Simpson and 

Lim, 2005), can not become as comprehensive as Aquachip Project is 

proposed unless return economically unviable because that technology 

is much more complex and also more expensive when scaled-up to a 

greater number of micro-organisms. The technology on which the 

Aquachip is based only involves DNA extraction and digestion, and 

its hybridization with specific probes inserted into a chip. It is a much 

cheaper process even in the signal detection mainly because it is a 

more global analysis.  

1.4.1. DNA chips limitations 

The DNA chips are indicated to determine the presence or absence of 

a particular micro-organism, but not to infer about their viability (Call, 

2005), as the nucleic acids of viable and non-viable organisms have 

the same opportunities to hybridize with a given probe. A possible 

solution to this problem relies on the use of the DNA-intercalating dye 

Ethidium monoazide bromide, which is only able to penetrate into 

cells with a destroyed cell wall (Nocker and Camper, 2006). Besides, 

it would be important to undertake a quantification of the detected 

micro-organisms (Call, 2005). This may also be a limitation of DNA 

chips, as the origin of a strong signal can be obtained due to the 

abundance of target DNA or to the strong hybridization of a less 

abundant target. Thus, the DNA chip will probably serve as a primary 

source of results. Since these are qualitative methods, their results 

must be confirmed afterwards by other quantitative methods (Call, D. 

R., 2005). 

2. Materials and Methods 

2.1. Bacterial strains, cultures and DNA extraction  

Aerobic Cultures of Citrobacter freundii CECT401T, Enterobacter 
cloacae CECT194T, Klebsiella pneumoniae CECT143T, and E. 
faecium DSMZ20477T were performed on Brain Heart Infusion 

Broth (BHI; Oxoid) (5 mL BHI per tube) and E. coli ATCC 25922 

and E. faecalis ATCC 29212 (10 mL BHI per tube). 

All aerobic cultures were incubated overnight at 37 °C with 180 rpm 

orbital agitation, centrifuged to 4000 rpm for 10 minutes and re-

suspended in ultra pure sterile water for later DNA extraction or in 

BHI broth 20% glycerol to conserve at -80 °C. 

Anaerobic culture of C. perfringens was performed in a sterilized BHI 

broth resazurin 0.0001% (red in the presence of oxygen and colourless 

under anaerobic conditions), de-aerated by injection of nitrogen, with 

de-aeration times based on Tenreiro (2005). The lyophilised strain was 

hydrated in 10 mL of sterile 0.85% NaCl. At the inoculation time, the 

medium was supplemented with sterile cysteine to 0.05%. 

The hydration and inoculation were handled in a biohazard level II 

safety cabinet (TelStar, Bio II-A). The inoculated vials were incubated 

at 37 °C. After 5 days of growth, 1.5 mL of a 50% glycerol solution 

was added to the 2.5 mL of medium for strain conservation at -80 °C 

and the contents of the 3 x 25 mL vials was distributed by 6 centrifuge 

tubes with 10 mL each, which were centrifuged at 4500 rpm 

(Beckman J2-21; JA-25.50 rotor). The cells were immediately lised and 

stored until continuation of genomic DNA extraction procedure. All the 

other cultures followed for decontamination by a specialized company. 

2.1.1. Genomic DNA extraction  

QIAamp DNA Mini Kit (QIAGEN) was used for genomic DNA 

extraction. The DNA obtained from all strains, except for C. 
perfringens, was separated by gel electrophoresis in a 1% agarose gel 

with 15 cm long, with the voltage of 100 V, for about 90 minutes and 

visualized using the Kodak Image Gel Logic 100.  

2.2. Design of Probes and Primers  

From the 'Nucleotide collection' database (NCBI, Genbank) genomic 

sequences were collected for ribosomal RNA, toxins, other conserved 

sequences that could be specific to particular micro-organism or 

group, and the genomic sequences of the protein β-D galactosidase 

(lacZ gene) and β-D glucuronidase (uidA gene), used in the routine 

laboratory tests for water analysis in the identification of total and 

faecal coliforms, respectively.  

A homology search was performed with the ‘Nucleotide Blast’ 

algorithm (Blastn), comparing the sequence of each region (Query) 

with the entire database of the NCBI, Nucleotide collection (nr/nt), 

http://www.ncbi.nlm.nih.gov/BLAST. 

Within each region, a sub-region with high identity with the micro-

organisms belonging to the parameter and without significant identity 

with other micro-organisms likely to be found in the waters destined 

for human consumption was chosen.  

The choice of the sub region with the appropriate size for a probe of 

this nature (120 to 200 bp) and with total or almost total identity with 

the sequences of all the members of each parameter was made with 

the tool ClustalW (EBI), available online at http://www.ebi.ac.uk/ 

Tools/clustalW/index.html.  

Once defined the area of interest, primers containing the restriction 

sequences of the enzymes chosen for cloning (in the 5' extremities) 

were designed. To verify the non-complementarity of the primers, a 

simple alignment of Forward Primer with complementary inverse 

Reverse Primer was performed, using EMBOSS Pairwise alignment - 

needle (http://www.ebi.ac.uk/emboss/align/).  

Once the primers are designed and thus known the exact sequence of 

each probe, Blastn was used again, checking probe specificity and 

coverage to the parameter to which it relates.  

For coliform group, there was a further analysis, comparing the 

designed probe with each of the 4 coliform genera considered essential 

in this approach: Citrobacter, Enterobacter, Klebsiella and Escherichia.  

The program COGnitor was used for evaluate the similarity between 

the protein sequences of some Blastn results and the sequence of the 

probe in question (available online at http://www.ncbi.nlm.nih.gov/ 

COG/old/xognitor.html).  

To scrutinize which of the restriction enzymes that cut within each 

probe and each vector-probe hybrid molecule, and also to verify that 

the enzymes chosen for cloning do not cut within the probe, the 

application NEBcutter 2.0 (NEB) was used (available online at 

http://tools.neb.com/NEBcutter2/index.php).  

2.3. PCR amplification and optimization  

Each PCR reaction contained 2 µL of 10 x Buffer with (NH4)2SO4 

(Fermentas); 1.2 µL of 25 mM MgCl2 (Fermentas); 0.4 µL of 10 mM 

dNTP mixture, lab made from 100 mM of each dNTP (Fermentas); 

0.2 µL of Taq polymerase (5 U/µL) (Fermentas); 0.5 µL of 40 µM 

primers (F + R) lab made from 100 mM stock solution (invitrogen); 



 

and 0.9 µL of template DNA (50 ng to 1 µg of genomic DNA). The 

final volumes were adjusted to 20 µL of sterile ultra pure water. 

The template DNA source to probes 1, 4, 5, 7 and 8 was E. coli ATCC 

25922, to probe 2, E. faecalis ATCC 29212 to probe 3, E. faecium 

DSMZ20477T and to probe 6, C. perfringens CECT376T 

PCR amplification program: initial denaturation at 95ºC for 5 min, 

followed by 30 cycles of 95 ºC for 30 s, annealing temperature for 30 

s, 72 ºC for 20 s, and final extension at 72 ºC for 5 min, performed in a 

Techne FTGENE2D thermocycler. 

2.3.1. PCR optimization 

MgCl2, Primer, dNTP and Taq Polimerase concentrations and Buffer 

selection was based on previous laboratory experience of Helena 

Vieira, PhD (personal communication). Only the annealing 

temperature was optimized, because it is specific for each primer pair. 

Theoretical Ta to each primer was calculated based on equation (1). 

The average between forward primer Ta and reverse primer Ta was 

taken to initiate the temperature optimization process. 

Ta = Tm - 4 °C                  (1) 

Tm is the melting temperature of primer, calculated by equation (2). 

Tm = 4 (G + C) x 2 (A + T)           (2) 

The real Ta was empirically determined, decreasing it when no 

amplification was visualized or increasing it if more than one band 

was visualized (indicating non-specific hybridization) after gel 

electrophoresis. Each PCR product was submitted to a 15 cm long- 

2% agarose gel, and the electrophoresis was performed at 100 V for 

90 minutes. Each of the probes were extracted from the agarose gel, 

visualized under UV light, and was purified using QIAquick Gel 

Extraction Kit (QIAGEN).  

2.4. Probes validation by Southern Blot  

To achieve this step, an artificial contamination of autoclaved ultra 

pure water (1L per strain) was performed by introducing a loop 

contaminated with a pure culture in aseptic conditions, which was 

followed by a similar procedure to that used in the traditional 

bacteriological methods for water analysis. For each sample, a volume 

of 3 x 250 mL was filtered, by the membrane filtration technique, 

according to Cappucino and Sherman (1983), using a 300 mL filtration 

graduated funnel (Pall Life Sciences, 516-7594) and sterile MCE 

membranes, 0.45 µm pore and 47 mm diameter (Pall Life Sciences, 

514-4150). The filters were placed in Petri dishes identified by sample 

number, followed by the letter a, b or c, according to the subsequently 

performed treatment of the biological material retained in the filters. 

Table 2 shows the correlation between the number of sample and the 

corresponding contamination and Table 3 shows the meaning of the 

letters a, b and c. 

Table 2: Sample numbering and correspondent contamination. 

Sample Artificial contamination 

1 E. coli ATCC 25922 

2 C. freundii CECT401T 

3 E. cloacae CECT194T 

4 K. pneumoniae CECT143T 

5 E. faecalis ATCC 29212 

6 E. faecium DSMZ20477T 

 

Table 3: Correspondence between the letter and the treatment performed to the 

biological material retained in the filters. 

Letter Sample subsequent treatment 

a Release of bacteria in autoclaved ultrapure water. 

PCR. 

b Release of bacteria in autoclaved ultrapure water; 

Freezing and thawing; 

Digestion with AseI. 

c Filter incubation in LB agar at 37ºC (16 to 48h); 

Release of bacteria in autoclaved ultrapure water; 

DNA extraction with QIAamp DNA Mini Kit (QIAGEN); 

Digestion with AseI. 
 

The PCR program used (letter a) has only one difference compared to 

the previously presented above in Section 2.3: the initial denaturation 

has the duration of 10 minutes. In addition, it was used a Biometra 

TPersonal Combi thermocycler instead of the mentioned above. 

Sample 1 was amplified with primers 1 (total coliforms), 4                  

(E. coli_PT), 5 (E. coli_PMI), 7 (E. coli_uidA) and 8 (E. coli_lacZ); 

sample 2, 3 and 4 were amplified with primers 1 (total coliforms); 

sample 5 was amplified with primers 2 (E. faecalis) and sample 6 was 

amplified with primers 3 (E. faecium). Primers 1 (total coliforms) Ta 

was 60 ºC, Primers 2 (E. faecalis), 3 (E. faecium), 5 (E. coli_PMI),       
7 (E. coli_uidA) and 8 (E. coli_lacZ) Ta was 48 ºC, and Primers 4              

(E. coli_PT) Ta was 45 ºC. In these PCR reactions, and to ensure that 

the DNA template was the largest possible, water was not added, 

substituting it for DNA template solution.  The DNA was separated by 

electrophoresis in a 20 cm long- 0.7 % agarose gel in 0.5 x TAE buffer, 

at 40V for 18h in an acrylic manufactured gel tray (Lilibeia, Ltd.). 

Southern Blot technique was used for probe validation. The positive 

control for a given probe was purified genomic DNA of the target 

micro-organism of the probe, and the negative control DNA of a 

species out of the target group of the probe, with the same treatment 

carried out in parallel. In order to abbreviate the total time of this 

procedure, and also the expenses associated with the amount of 

membrane used (Roche; positively charged nylon membranes), the 

assays were scheduled so that each membrane would contain DNA of 

the micro-organisms to hybridize with two probes, one of them in 

reprobing.  

3. Results and discussion 

3.1. Cultures and genomic DNA extraction 

All aerobic cultures resulted in an increased turbidity, similar to that 

observed in cultures of the same strain.  

3.1.1. Extraction of DNA genomic  

The genomic DNA extracted from all pure cultures, except for C. 
perfringens, can be visualised in Figure 1. 
 

 

Figure 1: Genomic DNA of the strains used in this work, separated in a 1% agarose 

gel electrophoresis (100V, 84 min). Lanes: 1- 10000 bp DNA ladder (Fermentas, 

SM0333); 2- C. freundii; 3- E. cloacae; 4- E. faecalis; 5- E. faecium; 6- E. coli; 7- K. 

pneumoniae.  
 

Note that lane 4 (E. faecalis) and lane 6 (E. coli) have a significantly 

greater amount of DNA than the other lanes probably because those 

strains’ growth for DNA extraction was performed in 10 mL of 

medium and not in 5 mL.  

3.2. Probes and Primers  

Searching for specific probes to each parameter and primer design to 

their amplification and cloning resulted in the eight built probes, 

which most important and non-confidential features are presented and 

discussed here. 

Probe 1 (total coliforms) is from 16S ribosomal RNA and has 147 bp. 

During the construction of Probe 1 (total coliforms), in November 

2006, the first one thousand results of Blastn against the NCBI 

database revealed identity only with sequences of coliform bacteria. 

Among them, and besides many that referred to sequences of clones 

of bacteria gene 16S rRNA, uncultured, there are sequences of the 

same gene of E. coli, Erwinia chrysanthemi and Pectobacterium 
chrysanthemi with 100% identity and Shigella sp., Citrobacter sp., 

and Enterobacter spp. with 99% of identity, in the total extension of 

the probe.  



 

The sequence of 16S ribosomal RNA subunit of Enterococcus sp. 

(EU006698.1), Nitrobacter sp. (EF687695.1) and Streptomyces sp. 

(AB293967.1) that have 99% of identity with the Probe 1 (total 

coliforms), only figured the first one thousand results at the repetition 

of the Blast process in early August 2007 and has been available 

online since the beginning of 2007. These results reveal a scope of this 

probe extended to other bacteria beyond the coliform group, which is 

understandable given that the construction of the Probe 1 (total 

coliforms) was based on genetic similarities and not phenotypic, as 

those used to group the coliforms. 

Even within the first one thousand results and with 99% of identity, 

there are also results for bacteria whose classification is not fully 

known, e.g., Bacterium SM17-19 16S ribosomal RNA gene, complete 

sequence (AY773149.1) or Uncultured bacterium isolate RFLP 

pattern 3 16S ribosomal RNA gene, partial sequence (EF121342.1), 

which may reinforce the conclusion above. The Blastn results of 

Probe 1 (total coliforms) against the genomic sequences of 

Citrobacter, Enterobacter, Klebsiella and Escherichia present in the 

database of NCBI were positive, with high percentages of identity 

throughout the length of the probe (data not shown). It should be 

noticed that, although the Probe 1 be broader than expected, showing 

homology with sequences of non-coliform bacteria, it is useful 

regarding the detection of coliform bacteria.  

It would be important to design other probes for total coliforms 

parameter, for example, probes to detect the lacZ gene of different 

genera considered as essential in this approach. This work was carried 

out for the coliform E. coli that resulted in Probe 8 (E. coli_lacZ) 

presented at the end of this section.  

To detect the genus Enterococcus, two species were considered in this 

approach: E. faecalis and E. faecium. For the determination of this 

parameter, Probes 2 (E. faecalis) and 3 (E. faecium) were built. Probe 

2 sequence is 140 bp long and was retrieved from 23S ribosomal 

RNA subunit. This probe shows total or almost total identity with all 

the genomic sequences of 23S ribosomal RNA subunit of E. faecalis 
available in the NCBI database, as denoted in Table 4.  

Table 4: High identity results with Probe 2 (E. faecalis). 

Accession Description 
Query 

coverage 

Max 

ident 

AE016830.1 E. faecalis V583, complete genome 100% 100% 

AJ295306.1 E. faecalis 23S rRNA gene, strain LMG 

7937 (T) 

100% 99% 

AF146765.1 E. faecalis 24 23S ribosomal RNA gene, 

partial sequence 

64% 98% 

 

 

The other results that show similarity to Probe 2 (E. faecalis) at 100 or 

99% of its extension have a percentage of identity between 88 and 

80% and correspond to other species of Enterococcus, except that one 

that belongs to the species Corynebacterium diphtheriae 

(AY116904.1), which shows 85% of identity. It is not expected that 

this identity is sufficient to maintain the hybridization with the probe 

after the restrictive washes, in a Southern Blot assay for example, or 

even in the DNA chip. However, only more tests can confirm if this 

species is not a false positive in the determination of E. faecalis. The 

other species of Enterococcus than E. faecalis also should not be a 

positive outcome, but it can only be assessed at a later stage, testing 

the probe with different species of Enterococcus. It is expected that 

other results of existing lowest percentage of identity have no 

influence on the determination of E. faecalis.  

Probe 3 (E. faecium) is from 23S ribosomal RNA subunit and has 160 

bp long. This probe shows total or almost total identity with all the 

complete sequences of 23S ribosomal RNA subunit of E. faecium 

available in NCBI database, as indicated in Table 5.  

Probe 3 (E. faecium) shows no results as distant to other Enterococcus 
species as Probe 2 (E. faecalis) shows to other enterococci. E. mundtii,   
E. hirae and E. durans, presented in Table 5, have relatively high 

percentages of identity in almost all the Probe 3 (E. faecium) 

extension. Therefore it is possible that, although the percentages of 

identity of 93 and 94% are not very high, a hybridization of Probe 3 

(E. faecium) with genomic DNA of these three species is sufficiently 

strong on the extremities to stay hybridized after the restrictive 

washing in a Southern Blot assay, for example. Again, this will only 

be disclosed after testing Probe 3 (E. faecium) hybridization with 

genomic DNA of E. mundtii, E. hirae and E. durans. Lowest identity 

percentage results, such as sequences from other species of 

Enterococcus than E. faecium, or for Lactobacillus and Pediococcus 
genera, probably do not constitute false positives in this determination 

(data not shown).  

Table 5: High identity results with Probe 3 (E. faecium). 

Accession Description 
Query 

coverage 

Max 

ident 

AJ295305.1 E. faecium 23S rRNA gene, strain LMG 

11423 (T) 

100% 100% 

X79341.1 E. faecium 23S rRNA gene 100% 99% 

AJ295311.1 Enterococcus mundtii 23S rRNA gene, strain 

LMG 10748 (T) 

99% 94% 

AJ295309.1 Enterococcus hirae 23S rRNA gene, strain 

LMG 6399 (T) 

99% 93% 

AJ295304.1 Enterococcus durans 23S rRNA gene, strain 

(WL_) ATCC 19432 T 

99% 93% 

 

 

Regarding the detection of Enterococcus using the Probes 2 and 3, it 

can be assumed that the Probe 3 is not as specific in the detection of            

E. faecium as Probe 2 is in the detection of E. faecalis. However, the 

two probes combined give a quite satisfactory contribution in the 

determination of the Enterococcus genus, detecting at least E. faecalis 
and E. faecium. 

The determination of faecal coliforms, mainly represented by E. coli, 
was based on Probes 4, 5, 7 and 8.  

Probe 4 (E. coli_PT) was constructed based on a putative toxin 

(confidential information) and is 162 bp long. The Blastn of this probe 

revealed high identity with several strains of E. coli, and also with 

Shigella dysenteriae Sd197 in the whole probe extension as seen in 

Table 6.  

Table 6: High identity results with Probe 4 (E. coli_PT). 

Accession Description 
Query 

coverage 

Max 

ident 

CP000247.1 E. coli 536, complete genome 100% 100% 

AE014075.1 E. coli CFT073, complete genome 100% 100% 

BA000007.2 E. coli O157:H7 str. Sakai DNA, complete 

genome 

100% 100% 

AE005174.2 E. coli O157:H7 EDL933, complete 

genome 

100% 100% 

CP000468.1 E. coli APEC O1, complete genome 100% 99% 

CP000243.1 E. coli UTI89, complete genome 100% 99% 

CP000034.1 S. dysenteriae Sd197, complete genome 100% 99% 
 

 

Probe 4 (E. coli_PT) presents itself as a very useful probe in the 

determination of E. coli, given its high specificity for that species. 

However, this determination reveals only one false positive, the strain 

S. dysenteriae Sd197. Another reason for the great utility of this probe 

is related to the fact that it will be able to detect almost all strains of E. 
coli with completely sequenced genome in the NCBI database 

(Genomes). The probe is not useful in detecting strains of E. coli 
W3110 and E. coli K12 MG1655.  

Considering not only E. coli detection, but also of other bacterial 

species belonging to the faecal coliform group, the usefulness of 

Probe 4 (E. coli_PT) in the determination of this parameter can be 

considered, since its coverage is extended to a strain within the 

Shigella genus, which can also be regarded as belonging to that group 

(Rompré et al., 2002; Bej et al., 1991).  

Because not all strains of E. coli totally sequenced showed identity 

with the Probe 4 (E. coli_PT), Probe 5 (E. coli_PMI) was built with 

the concern that the two probes were combined for the detection of 

this species. Probe 5 (E. coli_PMI) with 186 bp length was constructed 

to detect a specific inner membrane protein (PMI – bogus name). 



 

The Blastn result of Probe 5 (E. coli_PMI) is summarized in Table 7, 

which omits the results of several strains’ sequences having the 

complete genome that are already presented in the table.  

The pmi gene sequences of E. coli W3110 (AP009048.1) and E. coli 
K12 MG1655 (U00096.2), listed in Table 7, are the unique strains of 

E. coli with completely sequenced genome not listed as results of high 

identity with Probe 4 (E. coli_PT) but with Probe 5 (E. coli_PMI). 

The sequences of two strains of S. flexineri (AE005674.1 and 

AE014073.1) that stand among the high identity results with Probe 5 

(E. coli_PMI), when converted into corresponding protein sequences 

are similar to the protein PMI in 507 amino acids with 85% identity 

and 88% of the amino acids have  the same function, according to the 

alignment performed by COGnitor. The sequence of E. coli CFT073 

(AE014075.1), annotated as a hypothetical PMI protein, shows only 

97% of identity in 98% of extension of the probe. The non-identity 

with the last two bases of the probe and the existence of several 

mismatches explains this (data not shown). Despite the non-identity 

with the last two bases of the probe, the homology at the extremities 

of the probe should be sufficiently extensive to minor the existence of 

several mismatches, in a Southern Blot assay for example, which are 

relatively few and have always a great separation between regions 

with similar bases. The same is expected to happen with the sequences 

of two strains of S. flexineri above. Even if these events would not 

take place and Probe 5 (E. coli_PMI) would not be suitable for       E. 
coli CFT073 detection, one can ensure that Probes 4 and 5 would be 

able to detect all strains of E. coli whose genome is completely known 

until now. The set of Probes 4 and 5 to E. coli showed to be suitable 

for the detection of all totally sequenced E. coli strains and some 

Shigella species.  

Table 7: High identity results with Probe 5 (E. coli_PMI), referring to what is known 

about the sequence with which the probe showed identity (see remarks). 

Accession Description 
Query 

coverage 

Max 

ident 
Remarks 

AP009048.1 E. coli W3110 DNA, complete 

genome 

100% 100% pmi gene  

U00096.2 E. coli K12 MG1655, complete 

genome 

100% 100% pmi gene 

AE005674.1 S. flexineri 2a str. 301, complete 

genome 

98% 97% conserved 

hypothetic 

protein  

AE014073.1 S. flexineri 2a str. 2457T, 

complete genome 

98% 97% hypothetic 

protein 

AE014075.1 E. coli CFT073, complete genome 98% 97% hypothetic 

PMI protein  
 

 

Looking for specific probes to E. coli, it was not possible to make a 

complete separation between this species and Shigella genus. So it 

was preferred to have S. dysenteriae or S. flexineri as false positives in 

the determination of E. coli, than a negative result for E. coli when it is 

present. Thereafter, in case of doubt, one can confirm the presence of 

E. coli in the same sample, using other methods or other DNA probes 

for S. dysenteriae and S. flexineri. It is concluded that the probes 4 and 

5 to E. coli are not considered specific to this species, but there is a 

great probability that the faecal coliforms detected by the two probes 

belong to this species.  

Probe 6 (C. perfringens) has 184 bp long and is part of a sporulation 

protein coding sequence. This probe is highly specific, having only 

identity with the same species of origin of the probe, according to the 

result of Blastn, with the percentages of identity present in Table 8.  

Table 8: High identity results with Probe 6 (C. perfringens). 

Accession Description 
Query 

coverage 

Max 

ident 

CP000246.1 C. perfringens ATCC 13124, complete 

genome 

100% 100% 

BA000016.3 C. perfringens str. 13 DNA, complete 

genome 

100% 98% 

CP000312.1 C. perfringens SM101, complete genome 100% 96% 
 

In addition to the specificity, Probe 6 (C. perfringens), according to 

the result of Blastn, has proved suitable for the detection of all strains 

of C. perfringens with completely sequenced genomes, which are the 

three presented in Table 8.  

After constructing the Probes 4 (E. coli_PT) and Probe 5                    

(E. coli_PMI), that, as a whole, have proved the ability to identify all       

E. coli strains with completely sequenced genome, it was proposed to 

build two more probes for this parameter. Probes 7 and 8 were 

constructed, based on the presence of coding sequences for two 

enzymes which activity is used by classical methods in the 

determination of faecal and total coliforms, the enzymes β-D 

glucuronidase (gene uidA) and β-D galactosidase (gene lacZ), 

respectively. 

Probe 7 (E. coli_uidA), built for detection of β-D glucuronidase gene, 

has 139 bp long. The result of Blastn of this probe is summarized in 

Table 9, which omits the results of several strains’ sequences having 

the complete genome that are already presented in the table. 

Table 9: High identity results with Probe 7 (E. coli_uidA). 

Accession Description 
Query 

coverage 

Max 

ident 

CP000468.1 E. coli APEC O1, complete genome 100% 100% 

CP000247.1 E. coli 536, complete genome 100% 100% 

CP000243.1 E. coli UTI89, complete genome 100% 100% 

CP000266.1 S. flexineri 5 str. 8401, complete genome 100% 99% 

AE005674.1 S. flexineri 2a str. 301, complete genome 100% 99% 

AP009048.1 E. coli W3110 DNA, complete genome 100% 99% 

U00096.2 E. coli K12 MG1655, complete genome 100% 99% 

AE014073.1 S. flexineri 2a str. 2457T, complete genome 100% 99% 

AJ298139.1 Arabidopsis thaliana mRNA for beta-

glucuronidase (gus gene) 

100% 99% 

AJ298137.1 A. thaliana eIF-4A1 gene for translation 

initiation factor eIF-4A1, exons 1-5 and gus 

gene for beta-glucuronidase 

100% 99% 

BA000007.2 E. coli O157:H7 str. Sakai DNA, complete 

genome 

100% 99% 

X83423.1 Phytophthora capsici serine/threonine and 

tyrosine kinase genes 

100% 99% 

AE005174.2 E. coli O157:H7 EDL933, complete genome 100% 99% 

CP000038.1 Shigella sonnei Ss046, complete genome 100% 99% 

AE014075.1 E. coli CFT073, complete genome 100% 98% 

CP000034.1 S. dysenteriae Sd197, complete genome 100% 98% 

CP000036.1 Shigella boydii Sb227, complete genome 100% 98% 

AF015682.1 Rice ragged stunt virus polymerase mRNA, 

complete cds 

100% 97% 

 

 

Probe 7 (E. coli_uidA) showed high identity with the sequences of 

uidA gene of all the eight completely sequenced E. coli strains. It also 

showed high identity with the sequences of uidA gene of all the six 

completely sequenced Shigella strains. Furthermore, it showed high 

identity with two sequences of gus gene from A. thaliana 

(AJ298139.1 and AJ298137.1). A. thaliana could, possibly, be present 

at the capture of water intended for consumption, but since it is a 

plant, it would be excluded from the water before the treatment, 

storage and analysis. Therefore, these sequences would not result in 

false positives for E. coli determination by uidA gene.  

The kinase genes sequence of Phytophthora capsici (X83423.1), a 

phytopathogenic fungus, and rice ragged stunt virus polymerase 

(AF015682.1) have high identity with Probe 7 (E. coli_uidA) and 

these two micro-organisms may act as false positives in E. coli 
detection by uidA gene.  

Probe 8 (E. coli_lacZ) was built on the basis of gene lacZ that encodes 

the enzyme β-D galactosidase and is 187 bp long. Table 10 

summarizes the result of Blastn of Probe 8 (E. coli_lacZ), omitting the 

results of several strains’ sequences having the complete genome that 

are already presented in the table. 

Probe 8 (E. coli_lacZ) showed high identity with the lacZ gene 

sequences of all the eight completely sequenced E. coli strains. It also 

showed high identity with the lacZ gene sequences of two among the 

six completely sequenced Shigella strains. Table 10 excludes the 

sequences of vectors, transposons, phages and other synthetic and        



 

E. coli sequences the gene containing the β-D galactosidase. The 

sequences of an Oreochromis niloticus pseudogene (AB270897.1) 

and a mutation in gluon gene of Drosophila melanogaster 
(AJ543653.1) do not constitute false positives in E. coli determination 

by Probe 8 (E. coli_lacZ) because they belong to multi-cellular 

organisms. Probe 8 (E. coli_lacZ) does not lead to the emergence of 

false positives in E. coli determination by lacZ gene. However, it may 

not be very effective in the detection of certain E. coli strains, E. coli 
O157: H7 EDL933 and E. coli CFT073, which can only be confirmed 

through hybridization assays with this probe against those particular 

strains genomic DNA.  

Table 10: High identity results with Probe 8 (E. coli_lacZ). 

Accession Description 
Query 

coverage 

Max 

ident 

CP000468.1 E. coli  APEC O1, complete genome 100% 100% 

CP000247.1 E. coli  536, complete genome 100% 100% 

CP000243.1 E. coli  UTI89, complete genome 100% 100% 

AE014075.1 E. coli  CFT073, complete genome 100% 100% 

AB270897.1 O. niloticus MHC class IA antigen UBA1, 

UBA2, UAA1 genes, partial cds, UAA3 and 

UAA2 pseudogenes, UAA4, UAA5 and UAA6 

pseudogene fragments 

100% 99% 

AP009048.1 E. coli  W3110 DNA, complete genome 100% 99% 

U00096.2 E. coli  K12 MG1655, complete genome 100% 99% 

AJ543653.1 D. melanogaster gluon gene, gluon 88-82 

truncated mutant 

100% 99% 

CP000038.1 S. sonnei Ss046, complete genome 100% 99% 

BA000007.2 E. coli  O157:H7 str. Sakai DNA, complete 

genome 

100% 95% 

AE005174.2 E. coli  O157:H7 EDL933, complete genome 100% 95% 

CP000034.1 S. dysenteriae Sd197, complete genome 100% 95% 

 

 

3.3. PCR amplification and optimization 

The determined annealing temperature was 60 ºC for Primers 1 (total 

coliforms); 48 ºC for Primers 2 (E. faecalis), Primers 3 (E. faecium), 5 

(E. coli_PMI), 7 (E. coli_uidA) and 8 (E. coli_lacZ) and 45 ºC for 

Primers 4 (E. coli_PT) and 6 (C. perfringens). 
 

3.4. Probes validation by Southern Blot  

The result of the first hybridization assay is visible in Figure 2, 

illustrating the hybridization of Probe 1 (total coliforms) with DNA of 

the 4 coliform genera: Escherichia, Citrobacter, Enterobacter, 
Klebsiella. 

In lanes 3 and 5 of Figure 2-A, the hybridization between Probe 1 

(total coliforms) and the purified DNA of E. coli and C. freundii pure 

cultures, digested with AseI, is visible. In lanes 2 and 4, the 

hybridization is not visible because of the low amount of E. cloacae 
and K. pneumoniae DNA present in the gel. In lanes 6 to 9, the 

hybridization between Probe 1 and the purified DNA of the incubated 

filters with the four coliform genera, after overnight incubation at         

37 °C and DNA extraction and digestion with AseI.  

Due to lack of negative control in the first assay, a second 

hybridization assay, more limited, was carried on and the result is 

presented in Figure 3. 

Figure 3-B shows the positive result of Probe 1 (total coliforms) 

hybridization with E. coli genomic DNA (lane 2) and the negative 

result of Probe 1 hybridization with C. perfringens genomic DNA 

(negative control; lane 4), as expected. A positive result of Probe 1 

hybridization with C. freundii genomic DNA was also expected, but 

that did not happen in the second assay (Figure 3-B, lane 3). Despite 

this seemingly contradictory results, the two assays shown the 

hybridization of Probe 1 with the referred coliform genomic DNA and 

the absence of hybridization with the negative control used (C. 
perfringens genomic DNA).  

Comparing the lane 2 of Figure 3-B with the lane 3 in Figure 2-B, it 

appears that the hybridization profile of Probe 1 with E. coli genomic 

DNA is different in the two assays. This may be due to incomplete 

DNA digestion in the first assay (see Figure 2-B), which resulted in         
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Figure 2: Probe 1 (total coliforms) validation, with four coliform genera genomic 

DNA digested with AseI (first assay). A. 0.7% agarose gel submitted to 

electrophoresis at 40 V for 18 hours. B. Hybridization bands, after 65 minutes of 

exposure. Lanes: 1- 1 kb DNA ladder (Fermentas, SM1163); 2- K. pneumoniae (pure 

culture); 3- E. coli (pure culture); 4- E. cloacae (pure culture); 5- C. freundii (pure 

culture); 6- K. pneumoniae (incubated filter 4c); 7- E. cloacae (incubated filter 3c); 8- 

C. freundii (incubated filter 2c); 9- E. coli (incubated filter 1c).  
 

 

hybridization bands with higher molecular weight than those in the 

second assay (see Figure 3-B). It should be noticed that, in both 

assays, the E. coli hybridization profile with Probe 1 showed a band of 

about 3400 bp, which reinforces the explanation given above.  

 

 

 

Figure 3: Probe 1 (total coliforms) validation, with E. coli and C. freundii genomic 

DNA purified from pure cultures and digested with AseI (second assay). A. 0.7% 

agarose gel submitted to electrophoresis at 120 V, for 4 hours. B. Hybridization 

bands, after 5.5 hours of exposure. Lanes: 1- 1 kb DNA ladder (Fermentas, SM1163); 

2- E. coli; 3- C. freundii; 4- C. perfringens (negative control).  
 

 

In Figure 3-B, lane 3, it is not possible to visualize the positive 

hybridization results of Probe 1 (total coliforms) with C. freundii 
genomic DNA, which may have the same explanation presented 

above. Both in lane 2 and in lane 3, Probe 1 does not hybridize with 

genomic DNA fragments of over 5000 bp as in the first assay,  because  

they would  not be  present in  the  gel  since  the digestion have been 
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more complete. Furthermore, the hybridization profile of C. freundii 
of the first assay (see Figure 2-B) shows no visible bands below 4000 

bp, as the E. coli profile. Thus, in the second assay, when the digestion 

was more complete and with a low amount of DNA on the gel (see 

Figure 3-A), compared to the amount of E. coli DNA in the gel and 

also to the amount of C. freundii DNA in the first assay gel, it is 

possible that the hybridization is not visible as it would be with a 

greater amount of DNA in those low molecular weight bands. 

Figure 4 reflects the hybridization of Probe 2 (E. faecalis) and Probe 6 

(C. perfringens) in reprobing with DNA placed on the same agarose 

gel and transferred to the same membrane. So, not only in that, but 

also in the following figures in the same situation, it is observed that 

the molecular weight ladder bands presented in the images A, B and C 

of a same figure are superposable. 
 

 

Figure 4: Probe 2 (E. faecalis) and the Probe 6 (C. perfringens) validation, with E. 

faecalis and C. perfringens genomic DNA, extracted from pure cultures, purified and 

then digested with AseI. A. 0.7% agarose gel submitted to electrophoresis at 40V for 

18 hours. B. Hybridization bands of Probe 2 (E. faecalis), after 3.5 hours of exposure. 

C. Hybridization bands of Probe 6 (C. perfringens), after 7 hours of exposure. Lanes: 

1- 1 kb DNA ladder (Fermentas, SM1163); 2- C. perfringens; 3- E. faecalis.  
 

In Figure 4-B (lane 3), it is clear the positive outcome of the 

hybridization of Probe 2 (E. faecalis) with the E. faecalis genomic 

DNA. In lane 2 of the same figure, there is a lack of hybridization of 

Probe 2 (E. faecalis) with C. perfringens genomic DNA (negative 

control). Figure 4-C (lane 2) shows a positive result for the 

hybridization of Probe 6 for C. perfringens with genomic DNA of the 

same species. In lane 3, it is observed that there was no hybridization 

of Probe 6 (C. perfringens) with genomic DNA from E. faecalis 
(negative control), although it is noted that there is a stain similar to a 

band around 2500 bp, but very irregular, being considered to be a dirt 

point that arose due to the high exposure time of the film caused to the 

chemo luminescence of nylon membrane. The ladder bands visible in 

Figure 4-C are more diffuse than those of Figure 4-B. This 

phenomenon can be explained on the basis of the exposure time of the 

photographic film, which in the second case was twice the first, 

because in the first and shorter exposure time, the Probe 6 (C. 
perfringens) hybridization signal was not visible.  

Probe 3 (E. faecium) shows positive results in hybridization with 

purified genomic DNA of E. faecium, observed in the lane 3 in Figure 

5. In Figure 5-B, lane 2, it is observed that there was no hybridization 

of Probe 3 (E. faecium) with genomic DNA from C. freundii (negative 

control). 

As it can be seen in Figure 5-A, the amount of E. faecium DNA in the 

agarose gel is very low. That could explain the fact that the 

hybridization signal is so weak and it only have been achieved after 6 

hours of exposure of the film (see Fig. 5-B). An exhibition of 3.5 hours 

does not become visible any band of hybridization (data not shown). 

 

Figure 5: Probe 3 (E. faecium) validation, with genomic DNA extracted from C. 

freundii and E. faecium pure cultures, purified and digested with AseI. A. 0.7% 

agarose gel submitted to electrophoresis at 40V for 18 hours. B. Hybridization bands, 

after 6 hours of exposure. Lanes: 1- 1 kb DNA ladder (Fermentas, SM1163); 2- C. 

freundii genomic DNA (negative control); 3- E. faecium.  
 

Figure 6 shows positive hybridization results of Probe 5                    

(E. coli_PMI) and Probe 7 (E. coli_uidA) with genomic DNA from    

E. coli from either pure culture or incubated filter.  
 

 

 

Figure 6: Hybridization of Probe Probe 5 (E. coli_PMI) and the Probe 7                     

(E. coli_uidA) validation, with genomic DNA from E. cloacae, E. coli, purified from 

pure cultures (except otherwise indicated) and digested with AseI. A. 0.7% agarose 

gel submitted to electrophoresis at 45V for 16 hours. B. Hybridization bands of Probe 

5 (E. coli_PMI) after 3.5 hours of exposure. C. Hybridization bands of Probe 7 (E. 

coli_uidA), after 1 hour of exposure. Lanes: 1- 1 kb DNA ladder (Fermentas, 

SM1163); 2- E. cloacae; 3- E. coli; 4- E. coli (incubated filter 1c).  
 

 



 

In lanes 2 of Figures 6-B and 6-C is denoted the absence of 

hybridization in any of the probes with genomic DNA of E. cloacae 

(negative control). 

Figure 7 shows the hybridization of Probe 4 (E. coli_PT) and Probe 8 

(E. coli_lacZ) with genomic DNA extracted from E. coli from either 

pure cultures (lanes 3), or incubated filters (lane 4). 

Due to the low quantity of existing E. coli DNA, it was no longer 

viable to make new culture and new DNA extraction. The amount of 

E. coli DNA extracted from pure culture and placed in the gel well in 

Figure 7-A (lane 3) was also not very high. Thus, the hybridization 

bands of Probes 4 (E. coli_PT) and 8 (E. coli_lacZ) with that DNA, 

visible in Lanes 3 of Figures 7-B and 7-C, are not very strong. The 

hybridization bands of the probes are much stronger with the same 

DNA of E. coli extracted from the incubated filter (see Lanes 4 of 

Figures 7-B and 7-C). 

 

Figura 7: Probe 4 (E. coli_PT) and Probe 8 (E..coli_lacZ) validation, with Salmonella 

typhimurium ATCC 14028 and E. coli genomic DNA purified and digested with 

AseI. A. 0.7% agarose gel submitted to electrophoresis at 45V for 16 hours. B. 

Hybridization bands of Probe 4 (E. coli_PT), after 3.5 hours of exposure. C. 

Hybridization bands of Probe 8 (E..coli_lacZ), after 1 hour of exposure. Lanes: 1- 1 

kb DNA ladder (Fermentas, SM1163); 2- Salmonella typhimurium ATCC 14028 

(pure culture); 3- E. coli (pure culture); 4- E. coli (incubated filter 1c). 
 

4. Conclusions and Future Perspectives 

All the constructed probes revealed usefulness for the detection of the 

target organisms.  

From the homology results between each probe and the NCBI 

database, it was possible to conclude that Probe 1 (total coliforms) 

showed high homology with sequences of coliform bacteria, and a 

few non-coliform bacteria, and is appropriate to their detection. In the 

future, one can proceed to the design of other probes for this 

parameter, including probes from lacZ gene of various coliform 

genera, beyond Escherichia genus, which has been considered in 

Probe 8. Other probes could also be built based on other conserved 

sequences, such as other ribosomal subunit than that used in the 

construction of Probe 1. One may also built, in another approach, a 

more wide-ranging probe than Probe 1, aiming to understand the order 

of magnitude of the total bacteria number in a water sample, which 

could be impossible.  

Probe 2 (E. faecalis) is specific to its target species and Probe 3        

(E. faecium) is useful in the detection of E. faecium, and possibly of 

more three species of this genus, to which more tests are needed. 

These two probes demonstrated a great usefulness in the 

determination of the Enterococcus genus presence since that it will 

enable the detection of the two most common species of the genus. 

However, many other species of this genus have faecal origin and is 

also associated with human diseases. In the future, more DNA probes 

can be constructed for the Enterococcus genus that can identify other 

species than E. faecalis and E. faecium, complementing the study of 

faecal contamination. 

Probe 4 (E. coli_PT) shows homology with almost all sequenced E. 
coli strains. It also shows homology with the strain S. dysenteriae 
Sd197 (faecal coliform). Probe 5 (E. coli_PMI) will be appropriate for 

the detection of the two sequenced E. coli strains that Probe 4 shows 

no homology with, and also of a sequenced E. coli strain that Probe 4 

shows homology with, and will still be appropriated for the detection 

of two S. flexineri strains (faecal coliform). Both probes used together 

will allow the detection of all sequenced E. coli strains, and the three 

sequenced Shigella strains. If only E. coli strains detection matters, all 

these probes have false positives; but if also other faecal coliform 

detection interests, building more probes that show high homology 

with all sequenced strains considered as faecal coliforms is needed. 

Some probes can also be constructed for the detection of Shigella 

genus to evaluate the probability of these faecal coliforms presence in 

one sample, being E. coli or from Shigella genus, complementing the 

analysis given by Probe 4 (E. coli_PT) and Probe 5 (E. coli_PMI), as 

well by Probe 8 (E. coli_lacZ). 

Probe 7 (E. coli_uidA) is suitable for detection of all E. coli and 

Shigella completely sequenced strains (faecal coliforms), detection 

that may be affected by two false positives, Phytophthora capsici, a 

phytopathogenic fungus and the Rice ragged stunt virus. This probe 

has a large advantage intending the faecal coliform detection, despite 

the possibility of any false positives because they may be separately 

determined, and analyse the probability of a particular determination 

had been affected. If the possibility of building probes for these false 

positives exists, one can know whether or not they influence a given 

analysis.  

Probe 8 (E. coli_lacZ) showed homology with all the eight completely 

sequenced E. coli strains and with two strains of the Shigella genus 

(faecal coliforms), S. sonnei Ss046 and S. dysenteriae Sd197. This 

probe, when compared to Probe 4 (E. coli_PT), has more advantages 

as it allows the detection of all completely sequenced E. coli strains, 

only adding two strains of Shigella genus as false positives in the 

determination of E. coli strains. Otherwise, if it is considered the 

determination of faecal coliforms, Probe 8 is more inadequate than 

Probes 4 and 5 used together; and even more inadequate than Probe 7, 

but with the advantage of not having false positives. The major 

advantage of Probe 8 is to make possible the comparison of the results 

obtained with this molecular approach and the classical methods that 

are based on the β-D galactosidase enzymatic activity, of the same 

sample.  

The four probes for E. coli working together may indicate the 

likelihood of the determination is or not exclusive of the species. 

However, it will be easier to get to that information if the possibility of 

building one or more probes to Shigella exists.  

Probe 6 (C. perfringens) presents identity only with the species of 

origin of the probe, and is the more target-specific among the eight 

listed. There is the possibility that this high specificity could not be 

real because there may be other species of Clostridium without the 

genomic sequence in the database that also have homology with Probe 

6. If it would be necessary, another probe for this parameter can also 

be build, such as one based on a toxin (e. g., phospholipase C toxin) 

(Delisle and Tomalty, 1999).  

In the validation step, the hybridization assays resulted positively, as 

expected because the same origin DNA used for the construction of 

each probe was transferred to the hybridization membrane. The 

hybridization assays negative control was not exhaustive at this stage, 

since it was not possible to obtain DNA from all the bacteria that 

could interfere in the each probe outcome according to Blastn results. 

Economic and work organization reasons determined the use of only 

one negative control for the validation of each probe or set of probes. 

At this stage, the most important point was to prove each probe 

homology with target organism’s DNA or target group DNA, as well 

as the absence of homology with any other micro-organism DNA, 

randomly taken as negative control. At a later stage, a homology 



 

search between each probe and a larger set of genomes from 

organisms likely to be found in waters for human consumption will be 

carried out.  

Following the same procedure used for probes validation with 

artificially contaminated water, one will also perform a similar assay 

with real water samples which analysis by conventional methods 

already revealed a specific contamination, analyze probe or probes 

effectiveness relatively to that contaminant, and then compare the 

results from the probe with those obtained through classical methods. 

Thus, it will be possible to infer the ability of each probe to detect the 

associated parameter.  

Regarding cloning, its objective is to have a reproducible and easy 

access stock of probe. Therefore, in the future, the probes will be 

cloned starting with larger insert amounts or changing the insert/vector 

proportions. Another option could be the use of higher competence 

cells.  

The eight built and validated probes tried to cover the detection of 

Portuguese and European Community mandatory microbiological 

parameters and indicator parameters required to water intended for 

human consumption, delivered by public distribution systems, trucks 

or cistern-ships, or used in the alimentary industry. 

Once validated and tested with real samples, the more efficient probes 

will be implemented in the DNA chip. A signal combination of the 

probe or probes that compose a specified parameter will provide a 

positive result for the parameter, if at least one of the micro-organisms 

surveyed within the parameter is present in the analyzed water and a 

negative result otherwise. 

Since the water samples to be analyzed may consist of a more or less 

complex matrix, which can inhibit enzymatic reactions or interfere in 

hybridization, the need for pre-treatment is proposed. If the sample is 

only destined for bacterial analysis, pre-treatment could be only 

composed, for example, by a vacuum filtration of a determined 

volume of water sample followed by DNA purification. If the analysis 

is to be performed for other micro-organisms detection, sample 

concentration and nucleic acids preparation strategies prior sample 

analysis within the chip could be diverse and more complex. In both 

cases, the pre-treatment could have to include a pre-amplification of 

the nucleic acids in the sample, especially if they are not very 

abundant (Call, D. R., 2005). 

The different probes could be printed in different spots of the chip, by 

covalent linking or by adsorption to a physical support which could be 

a glass slide or a silicon wafer for example (Call, D. R., 2005).  

References 

Bavykin, S. G., Akowski, J. P., Zakhariev, V. M., Barsky, V. E., Perov, 

A. N., Mirzabekov, A. D. (2001) Portable System for Microbial 

Sample Preparation and Oligonucleotide Microarray Analysis. 

Applied and Environmental Microbiology 67 (2): 922-928. 

Bej, A. K., Mahbubani, M.H., Dicesare, J. L., Atlas, R. M. (1991) 

Polymerase Chain Reaction-Gene Probe Detection of Micro-

organisms by Using Filter-Concentrated Samples. Applied and 
Environmental Microbiology 57 (12): 3529-3534. 

Call D. R. (2005) Challenges and Opportunities for Pathogen Detection 

Using DNA Microarrays. Critical Reviews in Microbiology 31: 91–

99. 

Cappucino, J. G., Sherman, N. (1983) Microbiology, a Laboratory 

Manual, Part XI, pg.308, Addison-Wesley Publishing Co., Inc.. 

Carson, C. A., Shear, B. L., Ellersieck, M. R., Asfaw, A. (2001) 

Identification of fecal E. coli from humans and animals by 

Ribotyping. Applied and Environmental Microbiology 67: 1503-

1507. 

Carson, C. A., Shear, B. L., Ellersieck, M. R., Schnel, J. D. (2003) 

Comparison of ribotyping and repetitive extragenic palindromic-PCR 

for identification of fecal E. coli from humans and animals. Applied 
and Environmental Microbiology 69: 1836-1839. 

Cimenti, M., Hubberstey, A., Bewtra, J. K., Biswas, N. (2007) 

Alternative methods in tracking sources of microbial contamination 

in waters. Water SA 33 (2): 183-194. 

Delabre, K., Cervantes, P., Lahoussine, V., de Roubin, M. (1998) 

Detection of Viable Pathogenic Bacteria from Water Samples by 

PCR. OECD Workshop Molecular Methods for Safe Drinking Water. 

Delisle, G., Tomalty, L. (1999) Microbes in Motion II (ISBN 0-07-

303340-5). In: Prescott, L., Harley, J., Klein, D., Microbiology, 4th 

Edition, McGraw-Hill. 

Diário da República – I SÉRIE-A (DR) (1998) Nº.176, Decreto-lei      

n.º 236/98 de 1 de Agosto. 

Diário da República – I SÉRIE-A (DR) (2001) Nº.206, Decreto-lei         

n.º 243/2001 de 5 de Setembro. 

Drinking Water Directive (DWD) (1998) Council Directive 98/83/EC 

of 3 November, Official Journal of the European Communities L 

330, pages 32-54. 

Feng, P., Lum, R., Chang, G.W. (1991) Identification of uidA gene 

sequences in β-D-glucuronidase-negative E. coli. Applied and 
Environmental Microbiology 57: 320– 323. 

Giménez-Pereira, M. L. (2005) Enterococci in Milk Products: A 

dissertation presented in partial fulfilment of the requirements for the 

degree of Master of Veterinary Studies, Massey University 

Palmerston North, New Zealand. 

Haugland, R. A., Siefring, S. C., Wymer, L. J., Brenner, K. P., Dufour, 

A. P. (2005) Comparison of Enterococcus measurements in 

freshwater at two recreational beaches by quantitative polymerase 

chain reaction and membrane filter culture analysis. Water Research 

39: 559–568. 

Leclerc, H., Mossel, A. A., Edberg, S. C., Struijk C. B. (2001) Advances 

in the Bacteriology of the Coliform Group: Their Suitability as 

Markers of Microbial Water Safety. Annual Reviews in Microbiology 

55: 201–234. 

Meacham, K. J., Zhang, L., Foxman, B., Bauer, R. J., Marrs, C. F. 

(2003) Evaluation of Genotyping Large Numbers of E. coli Isolates 

by Enterobacterial Repetitive Intergenic Consensus-PCR. Journal of 
Clinical Microbiology 41 (11): 5224–5226. 

Nocker, A., Camper, A. K. (2006) Selective Removal of DNA from 

Dead Cells of Mixed Bacterial Communities by Use of Ethidium 

Monoazide. Applied and Environmental Microbiology 72 (3): 1997-

2004. 

Paul, J.H., Rose, J.B., Jiang, S., Kellogg, C., Shinn, E.A. (1995). 

Occurrence of Fecal Indicator Bacteria in Surface Waters and the 

Subsurface Aquifer in Key Largo, Florida. Applied and 
Environmental Microbiology 61(6): 2235-2241. 

Rompré, A., Servais, P., Baudart, J., de-Roubin, M. R., Laurent, P. 

(2002) Detection and enumeration of coliforms in drinking water: 

current methods and emerging approaches. Journal of 
Microbiological Methods 49: 31–54. 

Simpson, J. M., Lim, D. V. (2005) Rapid PCR confirmation of E. coli 
O157: H7 after evanescent wave fiber optic biosensor detection. 

Biosensors and Bioelectronics 21: 881-887. 

Spierings, G., Ockhuijsen, C., Hofstra, H., Tommassen, J. (1993) 

Polimerase chain reaction for the specific detection of E. 
coli/Shigella. Research in Microbiology 144 (7): 557-564. 

Tenreiro, T. (2005) Diversidade procariota em fontes hidrotermais – 

Relatório de Estágio Profissionalizante, ICAT-FCUL. 

Toranzos, G.A., Alvarez, A. J., Dvorsky, E. A. (1993) Application of the 

Polymerase chain reaction technique to the detection of pathogens in 

water. Water Science Technology 27: 207-210. 

World Health Organization (WHO) (2006a) Guidelines for drinking-

water quality: Volume 1 - Recommendations, 3rd Edition, 

incorporating first addendum, Chapter 11, Rome. Available at 

http://www.who.int/ water_sanitation_health/dwq/gdwq0506_11.pdf. 

Accessed on 3/10/2006. 

World Health Organization (WHO) (2006b) Guidelines for drinking-

water quality: Volume 1 - Recommendations, 3rd Edition, 

incorporating first addendum, Chapter 7, Rome. Available at 

http://www.who.int/ water_sanitation_health/dwq/gdwq0506_7.pdf. 

Accessed on 3/10/2006. 



 

 


