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Abstract 

Consumption of contaminated drinking
water heavily contributes to the burden of gas-
trointestinal waterborne diseases. Conven -
tional detection methodologies present several
shortcomings, such as indirect measure of
indicator species, low throughput and time
consume. DNA chips have the potential to
serve as surveillance systems for the simulta-
neous detection of pathogens overcoming
these limitations. We have developed a DNA
chip for simultaneous detection of multiple
waterborne pathogens. Species specific DNA
probes were implemented on a microarray, for
microorganism detection. Present study
reports the results of one untreated water sam-
ple analyzed by conventional methods and by
the DNA chip. The results were concordant for
the mandatory organisms (total coliforms,
Escherichia coli, fecal enterococci) using both
methods, reinforcing the utility and proof-of-
concept of the DNA chip. However, it is neces-
sary a prior enrichment in a culture medium in
order to obtain a positive signal using the DNA
chip. The DNA chip may be a valuable distinc-
tive tool for waterborne pathogens detection.

Introduction

The World Health Organization (WHO) states
that almost one tenth of the global disease bur-
den could be prevented by improving water sup-
ply, sanitation, and hygiene and water
resources management. The same organization
estimates that around 1.5 million deaths per
year could be avoided if these measures were
implemented.1 Water quality control is essential
to assure the delivery of safe human consump-

tion water. Conventional methods used to
access microbiologic water quality rely on cul-
ture methods for detection of indicator bacteria.
Culture methods have the advantage of being
non expensive and are considered the reference
methods. However, theses methods have sever-
al limitations, such as the time they consume,
low throughput and limitations of representativ-
ity by indicator species.2,3 DNA chips are prom-
ising tools for simultaneous detection of water-
borne pathogens, overcoming culture methods
limitations.4 DNA chips have the advantage of
being high throughput (simply by increasing
the number of testing probes in the chip), quick
(do not depend on time consuming bacterial
growth) and may detect stressed bacteria (that
do not develop in conventional culture medi-
ums, but still can infect the human host).
Previously we have reported the design and con-
struction of a DNA chip for simultaneous detec-
tions of microorganisms in water samples3,5

and its suitability in detecting genomic DNA
isolated from a pure culture of Escherichia coli,
one of the European Community mandatory
indicator microorganism.5 The design and con-
struction of the probes implemented on the chip
are described in detail in Vale et al. (2009),3 and
include probes for European Community
mandatory and non mandatory microorgan-
isms. The DNA chip also includes two control
probes with randomly generated sequences.
Probe spotting, covalent binding of probes to
slides were done at Biocant (Portugal), after
single-strand probe synthesis using 3’ modified
primers with a C6 spacer and pre-treatment of
Codelink® slides (Surmodics, Eden Prairie, MN,
USA). Each DNA chip consisted of four separate
sub-arrays of probes. Probes were spotted on
each array at three different concentrations
(62.5 ng/µL, 125 ng/µL, and 250 ng/µL) and
eight replicates of each probe were spotted and
distributed semi-randomly in four grids for each
concentration. Previously we have reported the
suitability of the DNA chip for detecting genom-
ic DNA of a pure culture of E. coli.5 In the pres-
ent study we aim at comparing the performance
of the DNA chip with a real water sample, col-
lected from a captation point of a water treat-
ment plant. The untreated water sample was
analyzed by conventional culture methods and
by the DNA Chip, in order to compare results on
microbiological parameters.  

Materials and Methods

Water sampling
One water sample was collected from a cap-

tation point of a water treatment plant. Two
liters of the sample were used for culture
method detection and one liter for DNA chip
analysis. Sterilized 1 L flasks were used for

water sampling. The water was transported at
4ºC to the laboratory.

Conventional culture methods
Conventional culture methods were used to

determine the microbiological quality of water.
The membrane filtration method was used to
filter 100 mL (or 1 L for Salmonella spp.) of
water through a 0.45 µm pore membrane and
each membrane was incubated in an appropri-
ate selective medium at proper temperature.
Presumptive colonies were confirmed by addi-
tional use of selective media and biochemical
or serological tests, according to the
Portuguese regulation (Law number DL:236/
1998) that transpose for national law the
European Directives 75/440/CE (water quality
of superficial water intended for human con-
sumption) and 79/869/CE (analytical methods
and sampling frequency of water intended for
human consumption). Briefly, water samples
were filtrated through sterile membranes of
0.45 µm pore (Macherey-Nagel, Germany),
using a vacuum pump (Vacuubrand,
Germany). Membranes were incubated in a
selective medium at an appropriate tempera-
ture: i) for detection of total coliform bacteria
the membrane was incubated in m-lauryl sul-
fate agar (MLSA; Sigma-Aldricht, USA) medi-
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um at 36±2ºC for 24 hours and the yellow
colonies tested for absence of oxidase activity;
ii) for detection of fecal coliform bacteria, the
membrane was incubated in MLSA medium at
44±0.5ºC for 24 hours and the yellow colonies
tested for absence of oxidase activity; iii) for
detection of E. coli an oxidase negative yellow
colony, grown in MLSA medium, was trans-
ferred to Fluorocult medium (Merck,
Germany) and tested for the presence of glu-
curonidase enzyme and for the production of
indol from tryptophane after addition of Kovacs
reagent (Merck, Germany); iv) for detection of
fecal enterococci, the membrane was incubat-
ed in Slanetz and Bartley agar medium (Oxoid,
Germany) at 36±2ºC for 48 hours and the red
colonies were transferred to the bile aesculin
agar medium (Merck, Germany) and tested for
the hydrolysis of aesculin (2); v) for detection
of Pseudomonas spp. the membrane was incu-
bated in Pseudomonas selective medium
(Sanofi Diagnostics Pasteur, France) at
36±2ºC for 48 hours and green presumptive
colonies were tested for absence of oxidase
activity, cultured in King A and King B media
and incubated at 36±2ºC for 1 to 4 days, King A
and King positive results were confirmed as
Pseudomonas aeruginosa and King A positive
King B negative as Pseudomonas spp.; vi) and
for detection of Salmonella spp. the membrane
was enriched in buffered peptone water
(Oxoid, Germany) at 36±2ºC for 16 to 20 hours
and then 0.1 mL of this culture was transferred
into Rappaport-Vassiliadis medium (Oxoid,
Germany) and incubated at 42±0.5ºC for 18 to
24 hours, after incubation this culture was
spread in brilliant green agar modified (BGA,
Oxoid, Germany) and xylose-lysine-desoxy-
cholate agar (XLD) and incubated at 36±2ºC,
for 24±4h (Oxoid, Germany), and presumptive
Salmonella spp. colonies found in BGA (red
colonies surrounded by bright red medium)
and XLD (red colonies with black centres)
were confirmed using the culture media Kliger
(lactose negative, glucose positive, gas posi-
tive, H2S positive), urea agar (negative reac-
tion) and lysine descarboxilase broth (positive
reaction).

DNA extraction  from water, label-
ing and DNA chip hybridization 

After two filtrations of 100 mL each of the
untreated water sample through sterile mem-
branes of 0.45 µm pore (Macherey-Nagel,
Germany), using a vacuum pump
(Vacuubrand, Germany), and the first mem-
brane was incubated for 24 hours in Brain
Heart Infusion medium and the second mem-
brane directly used for DNA extraction. After
culture, the biomass was recovered by cen-
trifugation and the DNA extracted. In both
cases the total genomic DNA was extracted
using Wizard® Genomic DNA Purification Kit
(Promega™ Corp., USA) according to the

manufacturer's protocol. The use of a previous
step culture was made to test if the bacterial
load in the water sample is sufficient to be
detected by the DNA chip, or if its growth in an
enrichment media is necessary in order to
detect the microorganisms. Genomic DNA was
resuspended in nuclease-free water and quan-
tified using QUBIT® (Invitrogen, UK). The
DNAs were labeled with Cy3 dye using
Nimblegen One-Color DNA labeling kit
(Roche, Madison, USA), as previously
described.5 Labeled total water genomic DNA
obtained after culture was mixed with labeled
positive control DNA (PCR amplified fragment
of a plasmid with an insert DNA complementa-
ry to randomly generated sequence spotted at
position C2). For labeling the manufacturer
recommends the use of 1 µg of total DNA,
which is then amplified with random hexam-
ers (Nimblegen One-Color DNA labelling kit,
Roche, Madison, WI, USA). Labelled DNAs
were hybridized in the chip at 55ºC, incubated
overnight in a hybridization oven (Shel Lab,
Cornelius, USA). After a series of washes in
SSC, deionized water and isopropanol, the
slides were dried with compressed N2.5 In the
DNA chip the probes are spotted at three dif-
ferent dilutions (250, 125 and 62.5 ng/µL). The
high number of replicates of each probe
(eight) and the semi-random distribution of
the probes in each grid5 are used to control for
the high variability inherent to the methodolo-

gy, and to reduce hybridization artefacts, as
suggested by others.6

Image acquisition and data analysis
Slides were scanned using the microarray

scanner ScanArray Gx (Perkin Elmer,
Waltham, MA, USA) and scanned images were
analyzed using the ScanArray Express
Software (version 4.0, Perkin Elmer) for spot
identification and quantification of the fluo-
rescent signal intensities. Spots with a medi-
an pixel intensity superior to 400 intensity
units and with more than twice the mean local
background were considered positive. Each
probe was only considered positive if at least
five out of the eight probe spots on the slide
were positive.5

Results 

The untreated water analysis presented
microbial contamination using either culture
methods or DNA hybridization based methods
(DNA chip). However, for the DNA chip the
results were distinct for the direct extraction
of DNA after filtration or the DNA extraction
after prior enrichment step in a culture medi-
um. Conventional culture methods of the
untreated water sample produce the following
results: 2282 cfu/100 mL of total coliforms, 282

Article

Table1. Results obtained by the DNA chip and culture method for the untreated water
sample. 

DNA chip Culture method
# Microorganism Probe ufc/100 mL Parameter

Target sequence (3) bp Result (+/-)

1 Total coliforms 16S rRNA 147 + 2282 Total coliforms
2 E. faecalis 23S rRNA 140 + 68 Enterococcus
3 E. faecium 23S rRNA 161 +
4 E. coli putative toxin 162 - 268 E. coli

5 E. coli yeeR 186 +
6 C. perfringens spoVD 184 - 0 C. perfringens

7 E. coli uidA 139 -
8 E. coli lacZ 187 + *
9 S. aureus GAP 128 -
10 L. pneumophila dotA 128 -
11 E. coli O157 putative enterotoxin 152 -
12 C. jejuni pebA 107 -
13 C. coli gyrB 134 -
15 Shigella spp. ipaH_1 111 +*
16 Fecal coliforms hha 164 + 282 Faecal coliforms
17 Salmonella spp. aroG 110 + Salmonella spp.
18 P. aeruginosa oprL 141 + 0 P. aeruginosa

C1 Negative control Random sequence 1 150 -
C2 Positive control Random sequence 2 150 +
Absence in 1 L. *Positive only in the sub-array with a probe concentration of 250 ng/�L.
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cfu/100 mL of fecal coliforms, 268 cfu/100 mL
of E. coli, 68 cfu/100 mL of enterococcus, 0
cfu/100 mL of Pseudomonas aeruginosa and
absence of Salmonella spp. in 1 liter (Table 1).
For DNA chip analysis it was necessary to
extract total DNA directly after filtration or
after an overnight culture in a rich medium
(BHI). The concentration of the DNA was con-
siderable different in each case, being 0.9
µg/mL and 46.3 µg/mL for extraction after fil-
tration of 100 mL, and extraction after culture
of 100 mL filtered water, respectively. After
prior enrichment culture step, the concentra-
tion of the DNA increased about 50 times. The
Nimblegen One-Colour DNA labelling kit
(Roche, Madison, USA) recommends the use
of 1 µg of DNA for labeling, and the majority of
the cases the extraction provided a smaller
quantity of DNA. In these cases, all the amount
of the DNA available was used for labeling. For
DNA labeling it was used: the entire genomic
DNA extracted (0.008 µg) after filtration; 1 µg
of DNA extracted after culture; and 0.013 µg of
positive control DNA (all the amount of the
PCR amplified fragment). After labeling the
DNAs were resuspended in 100 µL of
hybridization solution and their concentration
was: 0.4 µg/mL for positive control DNA, 57.2
µg/mL for DNA extracted after filtration and
79.9 µg/mL for DNA extracted after culture.
The hybridization of 2 µg of labeled DNA
extracted after filtration with the DNA chip did
not give any positive spot (data not shown).
The hybridization of 2 µg of a mixture of posi-
tive control DNA and extracted DNA after cul-
ture produce positive results for total and fecal
coliforms, E. coli, Enterococcus faecalis, E. fae-
cium, Shigella spp, Salmonella spp. and
Pseudomonas aeruginosa (Table 1 and Figure
1), for the sub-array with a probe concentra-
tion of 250 ng/µL. Similar results were
obtained with the sub-array with a probe of
concentration 125 ng/µL, except for the probes

8 and 15 (E. coli lacZ and Shigella spp.) that
were negative at this probe concentration
(Table 1). Probes spotted on the array at a con-
centration of 62.5 ng/µL only provide a positive
result for positive control. 

Discussion

We have presented previously reports with
the first comparison of results of an untreated
water sample analyzed by conventional culture
methods and by the new DNA chip, in which
the culture method is considering the refer-
ence method. The results from this study indi-
cate that the DNA chip is equivalent to cultiva-
tion for delineating qualitatively positive/nega-
tive samples for the presence of waterborne
bacteria, but only when a prior enrichment cul-
ture step is used. In fact, the hybridization of
labeled DNA extracted after filtration without
prior culture step did not provide any positive
result. This has already been described by oth-
ers, when performing a PCR for detection of
Salmonella in water samples7 and when using
an oligonucleotide-based microarray for the
identification of Legionella spp. and other bac-
teria in water samples.8 The DNA chip did not
detect any microorganism using the labeled
DNA extracted directly after filtration (without
pre-culture step); probably due to a concentra-
tion deficiency caused by the dilution of
microorganisms in water, which provide small
amounts of total genomic DNA. This indicates
that DNA extraction after enrichment culture
is more sensitive than direct DNA extraction
for the detection of microorganisms in water.
In fact, the dilution found in water samples
makes difficult the detection of microorganism
without a previous enrichment step. An alter-
native explanation is that there are inhibitors

of the hybridization, such as humic sub-
stances, matrices, and insoluble debris.7,9 This
is clearly a limitation of molecular biology
techniques for detection of waterborne
pathogens. However, there are obvious advan-
tages in hybridization techniques, such as
simultaneous detection, rapidity and reduced
time consumed, specificity and detection of
stressed microorganisms. 

Considering the low concentration of
extracted DNA (without enrichment culture) it
was not possible to label the recommended 1
µg of DNA. Increasing the filtrated volume, for
instance for 1 L instead of 100 mL may help
overcoming this limitation, but then the result
provided for the chip would not respect the vol-
ume that should be analyzed according to the
European Directives 75/440/CE and 79/869/CE.
However, as these standards recommend the
absence of contamination in drinking water,
we consider that the increasing of the filtered
volume would still permit obtaining important
preliminary results. An alternative to diminish
the time consumed in the DNA chip analysis
would be the test of several hours of incuba-
tion and different enrichment media to select
the most adequate one.

As expected only the sub-arrays presenting a
higher probe concentration (125 ng/µL, and
250 ng/µL), provide positive results. In fact,
previously we have demonstrated that a higher
probe concentration was more suitable for the
analysis of a pure culture of E. coli.5 So, other
DNA chips to be prepared should only contain
these two probe concentrations (125 ng/µL,
and 250 ng/µL).

Using a pre-culture step there is a general
agreement of results between our DNA chip
and conventional methods. Discordant results
were obtained for Pseudomonas spp. and
Salmonella spp. (positive for the chip only)
that may be explained by the already described
existence of stressed bacteria unable to grow
in selective media.10 Considering the positive
result in the DNA chip for Salmonella probe
the 95% homology to E. coli DNA, according to
BLAST11 (E-value 3E-28), may justify this sig-
nal. Discrepant results for Salmonella detec-
tion using culture methods and PCR has been
described by others.7 In Hsu et al. study7 the
use of Rappaport-Vassiliadis medium clearly
diminishes the number of positive samples. In
the present study the culture method for the
detection of Salmonella also include a passage
by Rappaport-Vassiliadis medium. 

Results for positive control were as expect-
ed. The positive control is very useful for array
alignment and identification of positive spots
in samples of unknown composition. The DNA
chip has several probes for E. coli, but probes 4
and 7 (Table 1) do not appear to be as suitable
as the other ones (probes 5 and 8, Table 1). 

Discrepancies between detection of
microorganisms’ nucleic acid sequences in

Brief Report

Figure 1. Partial fluorescent image of the DNA chip assay of the untreated water sample
(probe concentration 250 ng/µL). Consult Table 1 for probe number identification. 
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water by the DNA chip and recovery of the bac-
terium on synthetic media have been noted in
favor of the DNA chip, suggesting an increased
sensibility of this method in comparison to cul-
ture methods.

In conclusion, the chip appears to be cor-
rectly identifying mandatory bacteria, but the
probes for some of the non-mandatory
microorganisms should be further evaluated.
These results should be further confirmed
increasing the number of analyzed water sam-
ples. Overall, the data gathered so far indicates
that this type of approach might prove very
suitable for immediate water analysis if an
urgent response is required.
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