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Abstract

In the present study, a comparison between a disposable electrochemical DNA biosensdbaindischeri-based luminescent sensor for the
detection of toxicants in water samples was made.

In order to realize this study, a disposable electrochemical DNA biosensor has been reported. The DNA biosensor is assembled by immobili:
double strandedalf Thymus DNA onto the surface of a disposable carbon screen-printed electrode. The oxidation signal of the guanine bas
obtained by a square wave voltammetric scan, is used as analytical signal to detect the DNA damage; the presence of low molecular we
compounds with affinity for nucleic acids is measured by their effect on the guanine oxidation peak.

Wastewater samples provided during First European Interlaboratory Exercise on water toxicity in the course of the project SWIFT-WFD we
analyzed, and biosensor results were compared with a currently used toxicity test Tox@0dased on the bioluminescence inhibitioVidfrio
fischeri. This test have been used because is rapid, easy handling and cost effectively responses for the toxicity assessment in real water san

The results showed a promising correlation between two tests used for the detection of toxic compounds in water samples.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction contamination. The response of an organism to contaminated
effluents provide an integrated measure of effects that reflects
The amount of chemicals released into the environment hake combined action of all material presents in the effluent com-
grown enormously over recent decades. These chemicals magsition and also take in consideration other factors that affects
undergo biochemical or chemical transformations leading tahe whole toxicity (such as synergistic or antagonistic effects)
new compounds of unknown toxicity. Additionally, some of [7]. Most of these biological toxicity tests are expensive, require
them may be introduced into the trophic chain and can béarge sample volumes and usually take more than [849j.
bioaccumulated in organisms. These facts have created seriousIn recent years, there has been a huge increase in the use of
concerns regarding their adverse effects on the ecosystem andcleic acids as a tool in the recognition and monitoring of many
public healtH1]. Inthis sense, for example, for a rapid wastewa-toxic compounds of analytical interest. Nucleic acids layers in
ter toxicity assessment, several toxicity procedures are currentgssociation with electrochemical or optical transducers produce
used. Numerous biological technigues have been developed asnew kind of affinity biosensors for small molecular weight
toxic detection system2—6]. molecules, which can be investigated by chronopotentiometric
Toxicity tests using biological responses to measure effecter voltammetric analysis.
provide valuable information about the significance of chemical Inorderto develop devices for arapid screening of these com-
pounds, molecular interaction between the DNA immobilized
and the target pollutants or drugs were studib@11]. Many
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Table 1
Composition of the six batches of analysed samples

A B C D E F
BATCH 1 3,5DCP Phenol Zn-sulphate Influent Effluent Fortified
BATCH 2 3,5DCP Phenol Zn-sulphate Influent Effluent Fortified
BATCH 3 Phenol Influent Fortified Zn-sulphate Effluent 3,5DCP
BATCH 4 Effluent Fortified Zn-sulphate 3,5 DCP Influent Phenol
BATCH 5 Influent Fortified Effluent Zn-sulphate Phenol 3,5DCP
BATCH 6 Fortified Effluent Influent Phenol 3,5DCP Zn-sulphate

3,5 DCP: water solution containing 3,5-Dichlorophenol 50 mg/L; phenol: water solution containing phenol 60 mg/L; Zn-sulphate: water solution containing Zn-
sulphate 50 mg/L; influent: row influent of a WWTP (WasteWater Treatment Plant); effluent: final effluent of a WWTP; fortified: first settlement of a WWTP fortified
with phenol and Zn-sulphate.

favorable or adverse effects in life science related to the replica- The screen-printed electrochemical cells are produced at the
tion and transcription of DNA in vivo, mutation of gene, action University of Florence. They consist of a three-electrodes cell
mechanism of some synthetic chemical nucleases and moleculeemposed by a circular graphite working electrode (diameter
analysiq12]. The binding of small molecules to DNA and gen- of 3mm), a pseudo reference electrode and a graphite counter
erally DNA damage has been described through the variation aflectrode. The procedure and the reagents to make disposable
electrochemical signal of guanifi€3]. screen printed electrodes were reported in literg@dg These

In literature, electrochemical DNA biosensors were alreadyplanar electrochemical cells can be used as “drop and sensors”
proposed as screening tools for environmental toxicantand only 1QuL of sample solution is required to perform the
[14-20]; thus, using electrochemical DNA biosensors intermeasurements.
action of several toxic compounds with DNA have been also The luminometer Toxaléf100 and all the reagents to per-
studied[21-28]. form cytotoxicity tests were kindly provided from Merck (Darm-

In this paper, we have reported the results obtained by usingtadt, Germany). Bacteri€éibrio Fisheri as well reconstituent
a disposable electrochemical DNA biosensor for the detectioreagents were provided from Merck (Darmstadt, Germany).
of toxicants in water samples, which were also analyzed by the Double stranded calf thymus DNA was purchased from
commercial toxicity test ToxaléPtL00, which is based on the Sigma (Milan, lItaly); sodium acetate, potassium chloride,
bioluminescence inhibition of the bacterilfibrio fischeri. The  sodium chloride, acetic acid, ethanol, sodium dihydrogen phos-
V. fischeri bioluminescence test is a standard toxicity test widelyphate were provided from Merck (Darmstadt, Germany).
recognized in many legislatig29]. This test is directly linked
to the vitality (the metabolic status) of the bacterial cell. A toxic 2.2. Samples description
substance cause changes to the cellular state, damage to the
cell wall, cell membrane, the electron transport chain, enzymes, Water samples analyzed were provided during First European
cytoplasmatic constituents; these changes are rapidly reflectdaterlaboratory Exercise on water toxicity by bioluminescence
in adecrease in the bioluminescence signal that can be measurtedts organized by the European Union funded project “Screen-
with a photomultiplier in a luminometer. More than 20 aquaticing methods for water data InFormaTion in supportimplementa-
toxicity tests are reported in the 20th edition of the Standardion of the Water Framework Directive” (SWIFT-WFD). During
Methods for the Examination of Water and WasteW#B8].  the Interlaboratory exercise, six batches of six samples each one
However, the Toxaleft 100 assay was chosen here since bacwere distributed to all the participants.
terial bioluminescence assay are rapid, reproducible and cost Samples composition was describedlable 1: each batch

effective tests. comprises row influent of a WWTP (WasteWater Treatment
Results obtained for the analyzed samples with the two methRlant), final effluent of a WWTP and fortified samples. Samples
ods were reported and compared here. spiked with toxicants as well as 3,5 DCP, phenol and Zn-sulphate

are also present: 3,5 DCP (3,5-Dichlorophenal) is an organic
substance commonly used as toxicity standard with high toxic

2. Material and methods level and low dispersion valud82]. Phenol is an acute toxic
organic substance; it is a common used toxicity standard due
2.1. Apparatus and reagents to their stability at low dispersion degr¢&3]. Zn-sulphate is

a heavy metal solution, his toxicity being highly influenced by
Electrochemical measurements were performed with a Palnmatrix effect, conditions and concentratip.

Sens Electrochemical Portable Apparatus (Palm Instrument BV, All the samples were analyzed using electrochemical DNA
Houten, The Netherlands), which is controlled by a Pocket PChiosensor and commercial device Toxdtdi®0. Each sample
The PalmSens Instrument is used for sensors or cells with twevas tested three times with both methods by diluting it as
or three electrodes and the dynamic range allows applicatior#5.45%, 11.36% and 2.84% in water adjusted to NaCl 2%. The
as micro as well as macroelectrodes. The Pocket PC softwapocedure followed for the two methods are reported in next two
provides easy control of PalmSens. sections.



A.M. Tencaliec et al. / Talanta 69 (2006) 365-369 367

2.3. DNA biosensor cence inhibition is determined by:

Before the DNA immobilization, the electrode surface of the jo, — {(IOC - If)} « 100
screen-printed sensor was pretreated by applying a potential of

+1.6 V for 2min and a potential of +1.8V for 1 min, following
the procedure previously reported in literat{Bé].

oc

wherel is the corrected value of luminescence intensity of
éhe control test suspension in relative luminescence unit (RLU)
and/; is the luminescence intensity of the test sample after the

stranded calf thymus DNA at fixed potential (+0.5V versus ntact time of 5 min in RLU35].

Ag screen printed pseudo-reference electrode, for 300 s) ontd’
the screen-printed electrode surface. During the immobilization
step, the strip was immersed in acetate buffer solution con3. Results and discussion
taining 50 ppm of double stranded calf thymus DNA. Then
a washing step was performed by immersion of the biosen- The results obtained with the DNA biosensor and the
sor in a clean acetate buffer solution for 30s, at open circuifoxaler100 for the six batches of analyzed samples are
condition. The interaction step was performed just by placteported inTable 2. The reproducibility obtained with the DNA
ing 10pL of the sample on the electrode surface of the DNAbiosensor for three repetition was always of %R.S.D.=10%,
biosensor. After 2min the biosensor was washed, immersedhereas a %R.S.D. less that 8% for each sample was obtained
in acetate buffer and a square wave voltammetric scan wasr Toxaler100 (data not reported in the table).
carried out to evaluate the oxidation of guanine peak on the As it can be seen, all samples containing 3,5 DCP and the
electrode surfacg34]. The area of the guanine peak (aroundinfluent waters were indicated as not detectable (n.d.) using the
+1V versus Ag screen printed pseudo-reference electrod€)NA biosensor. These samples were found electroactive in the
was measured. Potentially toxic compounds present in watgyotential range of the guanine peak of DNA; then, they could
were evaluated by changes of the electrochemical signal ofot be analyzed using electrochemical DNA biosensor. Never-
guanine. theless, as reported in the table, these samples had a very strong
The DNA modification was estimated by means of the per-effect on the bioluminescence Uffischeri.
centage of the response decrease (S%), which is related to the For the effluent samples we observed that these samples did
ratio of the guanine peak area after the interaction with the anazot cause any significant decrease of guanine oxidation peak
lyte (GPAs), and the guanine peak area after the interaction wittof DNA: also the inhibition of the bacteria bioluminescence
buffer solution (GPA), in accordance with the following equa- was notimportant. In conclusion, the effluent samples contained

tion: compounds, which were not toxic to both DNA biosensor and
bacteria cell.

SO% — [1_ (GPASH % 100. Analyzing the samples containing phenol, it can be seen

GPA, the effect of this compound on the DNA biosensor response;

it means a significant decrease of the guanine residues signal
inducing DNA damage. This compound had also an effect on

%acteria cells, inhibiting the bacteria bioluminescence. So we

can conclude that phenol is a toxic substance, which affect the
response both of DNA biosensor and Tox&tdf0 device.

Looking at the samples containing Zn-sulphate, they didn’t
éaresent any effect on both tests used. So this compound is not
mxic for DNA or bacterial cell.

Finally, samples fortified with both phenol and Zn-sulphate

Square wave voltammetric parameters were: fre.Showed a moderate toxicity. The results obtained for these sam-
quency=200Hz, step potential=15mV, amplitude =40 mV,ples presented the same trend in both cases for DNA biosensor

. nd Toxalef®100.
+0.2/+1. - . . . .
Eloetst?ggle range +0.2/+1.2V versus Ag, pseudo referencé Fig. 1 shows the correlation between the data obtained with

the two methods for the sample batch 1. The method of least
squares mean was used to statistically evaluate this correlation

2.4. Toxalert® 100 procedure foranumber of data=12. The “ideal” correlation is defined by
aline of regression with a slope of 1 and an intercep{88037].

In all the experiments the osmolality of all standard and samStatistical tests on the data at the 95% significance level were
ple solutions were adjusted to 2% NaCl for optimal reagenperformed;the analysis generated a line with the following equa-
performance. To express the toxicity we have used the percenion and correlation coefficient: (0.680.06)x+ (7.47+1.87),
age of inhibition (1%), determined by comparing the response =0.961. Thus, a trend between the two methods was found, but
given by a saline control solution to that corresponding to thea non-linear correlation is present. The 95% confidence bands
sample as a function of incubation time. For all the experimentshow also that the accuracy could be better. Similar considera-
we used an incubation time of 5 min. Therefore the bioluminestions can be made for the other five sample batches.

This equation was already reported in literaturd bij, but in
our case it was changed in the mathematical sign to be hom
geneous with Toxaleé®t results. The results of the test for one
sample can be obtained within 10 min.

According to the Toxaleft100 supplier’s notes, only inhibi-
tion values over 20% are attributed to a toxic compo[81].

The supporting electrolyte for the voltammetric experiment
and for any step in the biosensor set up was acetate buffer 0.25
pH 4.7, KCI 10 mM.



Table 2
Results obtained with DNA biosensor and Tox&et00 for all the batches analysed
Dilution (%) A B c D E F
DNA biosensor Toxaler® DNA biosensor Toxaler® DNA biosensor Toxalerf® DNA biosensor Toxalerf DNA biosensor Toxaler® DNA biosensor Toxaler
(%) 100 (I%)  (S%) 100 (1%)  (S%) 100 (I%)  (S%) 100 (1%) (%) 100 (1%)  (S%) 100 (1%)
Batch1 45.45 n.d. 99 60 70 7 7 n.d. 99 21 21 43 56
11.36 n.d 59 33 42 7 8 n.d. 52 15 1 23 15
2.84 n.d. 9 14 16 15 6 n.d. 14 11 0 8 4
Batch 2 45.45 n.d. 99 56 64 10 4 n.d. 99 11 6 22 16
11.36 n.d. 63 13 35 5 0 n.d. 43 6 0 4 3
2.84 n.d. 16 5 13 0 0 n.d. 6 4 1 0 0
Batch 3 45.45 62 64 n.d. 99 35 45 5 2 15 6 n.d. 99
11.36 24 31 n.d. 37 20 11 3 1 10 0 n.d. 62
2.84 4 8 n.d. 0 6 0 0 0 5 0 n.d. 10
Batch4 45.45 18 4 37 34 34 45 n.d. 99 n.d 99 69 74
11.36 10 8 12 11 21 15 n.d 44 n.d. 47 48 43
2.84 6 7 0 2 7 1 n.d. 10 n.d. 12 20 16
Batch5 45.45 n.d. 99 32 38 21 4 47 53 62 74 n.d. 99
11.36 nd 43 16 11 14 2 23 14 41 43 n.d. 63
2.84 n.d. 3 0 1 0 1 10 1 15 15 n.d. 13
Batch 6 45.45 36 49 13 1 n.d. 93 55 76 n.d. 99 37 44
11.36 23 17 5 5 n.d. 40 27 45 n.d. 70 13 14
2.84 9 7 0 5 n.d. 10 10 14 n.d. 18 0 2
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