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A label-free electrochemical aptasensor was fabricated for reagentless determination of tetracycline (TET) in water. A 5'-amino-modified 76-mer oligonucleotide was immobilized on screen-printed carbon electrode via carbodimide coupling. Cyclic voltammetry experiments revealed an unexpected electroactivity of immobilized aptamer, showing a quasireversible signal with oxidation and reduction peaks at respectively +0.19 and -0.25 V vs Ag/AgCl. The binding of TET on the aptasensor induced a decrease of oxidation peak, allowing the detection of TET for concentrations ranging from 0.05 µg/L to 20 µg/L, with a detection limit of 0.035µg/L. The proposed aptasensor displayed a good specificity for TET and was successfully used for the detection of TET in natural waters, with recovery rates ranging from 87.8 to 97%.

I. Introduction

In today's world, pharmaceutical substances are essential for the health of humans and animals. However, these compounds represent a group of emerging chemicals of environmental concern as they are often found in aquatic environments [START_REF] Glassmeyer | Environmental presence and persistence of pharmaceuticals-an overview[END_REF][START_REF] Seifrtová | An overview of analytical methodologies for the determination of antibiotics in environmental waters[END_REF], mainly due to insufficient or ineffective elimination in wastewater treatment plants (WWTP) [START_REF] Kümmerer | Drugs in the environment: emission of drugs, diagnostic aids and disinfectants into wastewater by hospitals in relation to other sources -a review[END_REF][START_REF] Stuer-Lauridsen | Environmental risk assessment of human pharmaceuticals in Denmark after normaltherapeutic use[END_REF]. The concentrations of these compounds in WWTP effluents range from ng/L to μg/L [START_REF] Ternes | POSEIDON Assessment of technologies for the removal of pharmaceuticals and personal care products in sewage and drinking water facilities to improve the indirect potable water reuse[END_REF]. In surface water, these concentrations generally vary between 10 and 500 ng/L, although much higher values have been reported [START_REF] Larsson | Effluent from drug manufactures contains extremely high levels of pharmaceuticals[END_REF]. Among pharmaceuticals, antibiotics are receiving increasing attention as their presence in aquatic environment can favour the proliferation of antibiotic resistant bacteria [START_REF] Stolker | Liquid chromatography with triple-quadrupole or quadrupole-time of flight mass spectrometry for screening and confirmation of residues of pharmaceuticals in water[END_REF]. These compounds have been detected in all aquatic compartments including wastewaters, surface waters, ground waters and drinking water [START_REF] Perret | Sulphonamide Residues in Italian Surface and Drinking Waters: A Small Scale Reconnaissance[END_REF][START_REF] Ye | Trace Analysis of Trimethoprim and Sulfonamide, Macrolide, Quinolone, and Tetracycline Antibiotics in Chlorinated Drinking Water Using Liquid Chromatography Electrospray Tandem Mass Spectrometry[END_REF][START_REF] Batt | Occurrence of sulfonamide antimicrobials in private water wells in Washington County, Idaho, USA[END_REF]; they are now considered as "pseudo persistent" contaminants due to their continual release into the ecosystems [START_REF] Seifrtová | An overview of analytical methodologies for the determination of antibiotics in environmental waters[END_REF].

Tetracyclines are a family of antibiotics frequently employed due to their broad spectrum of activity as well as their low cost. Currently, there are over 20 different derivatives available, among which tetracycline, chlortetracycline, oxytetracycline, and doxycycline are the most commonly used in aquaculture and veterinary medicine [START_REF] Sarmah | A global perspective on the use, sales, exposure pathways, occurrence, fate and effects of veterinary antibiotics (VAs) in the environment[END_REF]. Tetracycline (TET) is widely used for treatment of infectious diseases in fodder animals [START_REF] Wang | Electrochemical determination of tetracycline using molecularly imprinted polymer modified carbon nanotube-gold nanoparticles electrode[END_REF]. The extensive use of TET in veterinary medicine as an antibiotic and/or growth promoter has led to its accumulation in diary food products, such as meat [START_REF] Muriuki | Tetracycline residue levels in cattle meat from Nairobi slaughter house in Kenya[END_REF][START_REF] Oka | Survey of residual tetracycline antibiotics and sulfa drugs in kidneys of diseased animals in the Aichi Prefecture Japan (1995-1999[END_REF], milk [START_REF] Nagel | Optimization of bioassay for tetracycline detection in milk by means of chemometric techniques[END_REF], honey [START_REF] Peres | A HPLC with fluorescence detection method for the determination of tetracyclines residues and evaluation of their stability in honey[END_REF], eggs/chicken [START_REF] De Wasch | Detection of residues of tetracycline antibiotics in pork and chicken meat: correlation between results of screening and confirmatory tests[END_REF], which represents a serious threat to human health. The European Union (EU) has recommended a maximum residue limit (MRL) of 100 μg/kg for tetracycline in milk and in animal tissues entering the human food chain [START_REF] Kelnerova | Effect of pasteurization on the residues of tetracyclines in milk[END_REF]. Although no specific regulation exists concerning water TET has been detected in surface water at concentrations ranging between 3 and 10 μg/L [START_REF] Valverde | Determination of tetracyclines in surface water by partial least squares using multivariate calibration transfer to correct the effect of solid phase preconcentration in photochemically induced fluorescence signals[END_REF].

Several methods have been developed for (TET) determination in water, mainly based on high-performance liquid chromatography (HPLC) [START_REF] Peres | A HPLC with fluorescence detection method for the determination of tetracyclines residues and evaluation of their stability in honey[END_REF][START_REF] Fritz | Simultaneous determination of tetracycline, oxytetracycline, and 4-epitetracycline in milk by high-performance liquid chromatography[END_REF][START_REF] Pena | Determination of oxytetracycline, tetracycline, and chlortetracycline in milk by liquid chromatography with post column derivatization and fluorescence detection[END_REF], but also capillary electrophoresis [START_REF] Ibarra | Magnetic solid phase extraction based on phenyl silica adsorbent for the determination of tetracyclines in milk samples by capillary electrophoresis[END_REF], fluorescence [START_REF] Tan | Determination of tetracycline in milk by using nucleotide/lanthanide coordination polymer-based ternary complex[END_REF], and chemiluminescence methods [START_REF] Lau | Chemiluminescence determination of tetracycline based on radical production in a basic acetonitrile-hydrogen peroxide reaction[END_REF]. Traditional microbiological methods of screening have insufficient sensitivities to meet the new regulations and conventional chemical techniques require a high level of technical competence and costly investments [START_REF] Blasco | Determination of tetracyclines in multi-specie animal tissues by pressurized liquid extraction and liquid chromatography-tandem mass spectrometry[END_REF][START_REF] Chen | Development of an aptasensor for electrochemical detection of tetracycline[END_REF]. In order to get a better understanding of the impact of these chemical compounds, new analytical methods are sought to obtain more reliable, comprehensive, fast and accurate determination [START_REF] Chen | Development of an aptasensor for electrochemical detection of tetracycline[END_REF]. In recent years, new electrochemical biosensorshave been described for TET detection based on affinity detection, such as immunosensors [START_REF] Conzuelo | Integrated disposable electrochemical immunosensors for the simultaneous determination of sulfonamide and tetracycline antibiotics residues in milk[END_REF] and aptasensors [START_REF] Chen | Development of an aptasensor for electrochemical detection of tetracycline[END_REF][START_REF] Wang | A direct competitive assay-based aptasensor for sensitive determination of tetracycline residue in honey[END_REF]. Immunosensors are based on the same biochemical principles as the well-known enzyme-linked immunosorbent assays (ELISA), which are essentially based on competitive assays and have raised the development of many commercially available kits [START_REF] Cháfer-Pericás | Immunochemical determination of oxytetracycline in fish: comparison between enzymatic and time-resolved fluorometric assays[END_REF].

Aptasensors are based on the use as sensing element of DNA or RNA oligonucleotides, which are able to recognize different types of molecules with high affinity and specificity [START_REF] Gold | Diversity of oligonucleotide functions[END_REF][START_REF] Bock | Selection of single-stranded DNA molecules that bind and inhibit human thrombin[END_REF][START_REF] Sassolas | Electrochemical aptasensors[END_REF]. These aptamers are selected using an iterative process called SELEX (Systematic Evolution of Ligands by EXponential enrichment) [START_REF] Tuerk | Systematic evolution of ligands by exponential enrichment: RNA ligands to bacteriophage T4 DNA polymerase[END_REF][START_REF] Ellington | In vitro selection of RNA molecules that bind specific ligands[END_REF]. Once selected, they present several advantages over antibodies including high stability, easy and reproducible synthesis, and easy chemical modification without affecting the affinity for their ligands [START_REF] Chen | Development of an aptasensor for electrochemical detection of tetracycline[END_REF][START_REF] Groher | In vitro selection of antibiotic-binding aptamers[END_REF].

Single-stranded DNA aptamers able to bind specifically tetracycline antibiotics were developed by Gu and collaborators in 2008 [START_REF] Niazi | Single-stranded DNA aptamers that selectively bind oxytetracycline[END_REF][START_REF] Niazi | Single-stranded DNA aptamers specific for antibiotics tetracyclines[END_REF]. These aptamers were applied as recognition molecules in electrochemical biosensors for the detection of oxytetracycline (OTC) [START_REF] Kim | Specific detection of oxytetracycline using DNA aptamerimmobilized interdigitated array electrode chip[END_REF] and TET [START_REF] Zhou | Electrochemical aptasensor for the detection of tetracycline with multi-walled carbon nanotubes amplification[END_REF]. In both cases, aptamers were immobilized on the working electrode and voltammetric measurements were performed in presence of ferricyanide as soluble redox species. In presence of the target (OTC or TET), conformational change occurring upon binding induced a decrease of the measured signal, which was correlated to the concentration of antibiotic. The resulting sensors allowed the detection of OTC and TET at concentrations ranging from 1 to 100 nM [START_REF] Kim | Specific detection of oxytetracycline using DNA aptamerimmobilized interdigitated array electrode chip[END_REF] and from 10 nM to 50 µM [START_REF] Zhou | Electrochemical aptasensor for the detection of tetracycline with multi-walled carbon nanotubes amplification[END_REF], respectively.

In this paper, we describe for the first time a direct and reagentless detection of TET based on an unexpected intrinsic electrochemical activity of anti-TET aptamer. The cross-reactivity of the resulting aptasensor was studied in presence of other tetracyclines and pharmaceuticals, and the biosensor was used for the detection of TET in environmental samples.

Materials and methods

Chemicals and materials

Oligonucleotides with primary amine modification on 5′ and 3' separately were purchased from Microsynth (Switzerland). Anti-TET aptamer was a 76-mer oligonucleotide with the following sequence: 5'-CGT ACG GAA TTC GCT AGC CCC CCG GCA GGC CAC GGC TTG GGT TGG TCC CAC TGC GCG TGG ATC CGA GCT CCA CGT G-3', as described in [START_REF] Niazi | Single-stranded DNA aptamers specific for antibiotics tetracyclines[END_REF]. The following fragments were also ordered for investigating aptamer redox properties: 5'-NH2-CGT ACG GAA TTC GC-3'; 5'-NH2 -AGC CCC CCG GCA G-3'; 5'-NH2 -AGG CCA CGG C-3'; 5'-NH2 -TTG GGT TGG TCC C-3'; 5'-NH2 -TGC GCG TGG ATC CGA GCT CCA CGT G-3'; 5'-NH2 -GGC CAC GGC TTG GGT TGG TCC CAC TGC GCG TGG AT-3'. Two aptamers were used as control: a 98-mer anti-penicillin aptamer previously described in our group [START_REF] Zhou | Electrochemical aptasensor for the detection of tetracycline with multi-walled carbon nanotubes amplification[END_REF] having the following sequence : Aptamer solutions were prepared in a 10 mM phosphate buffer (PB) pH 7.4 containing 10 mM KCl and 5 mM MgCl2. A binding buffer(BB) was prepared based on Tris-HCl (20 mM, pH 7.6) containing NaCl (100 mM), MgCl2 (2 mM), KCl (5 mM), CaCl2 (1 mM) and Tween 20 (0.02%), it was used for aptasensor characterizations. All solutions were prepared in deionized Milli-Q water (Millipore, Bedford, MA, USA).

Apparatus

The electrochemical measurements were performed using an Autolab PGSTAT100 potentiostat/galvanostat (EcoChimie, Netherlands) controlled by Frequency Response Analyzer (FRA) for impedance, and General Purpose Electrochemical System (GPES) for voltammetry. Screen-printed carbon electrodes (SPCEs) were fabricated using a DEK248 screen-printing system. A conventional three-electrode configuration was used involving a graphite working electrode (4mm diameter disk), a graphite counter electrode (16 mm x1.5 mm curved path), and a Ag/AgCl pseudo-reference electrode (16 mm x 1.5 mm straight path).

Aptasensor construction

Prior to modification, the SPCEs were electrochemically pre-treated by applying five voltammetric scans from 1.0 to -1.5 V vs Ag/AgCl in a sulfuric acid solution (H2SO4 0.5 M) containing 0.1 M KCl. A diazonium salt was synthesized in situ by mixing 2 mM NaNO2 with 2 mM of (4-ABA) in 1 mL of 0.5 M HCl [START_REF] Paniel | Selection of DNA aptamers against penicillin G using Capture-SELEX for the development of an impedimetric sensor[END_REF]. The mixture was left to react for 5min at room temperature, and electrochemical generation of surface 4-carboxyphenyl (4-CP) was performed by linear sweep voltammetry, by scanning the potential from 0.6 to -0.8 V vs Ag/AgCl [START_REF] Paniel | Selection of DNA aptamers against penicillin G using Capture-SELEX for the development of an impedimetric sensor[END_REF]. The carboxylic groups of 4-CP-modified SPCE were then activated by incubating the working electrode for 60 min in 5 mL of 100 mM MES buffer containing 100 mM of EDC and 25 mM of NHS. After washing the electrode surface with deionized water, 20 μL of aptamer solution were deposited onto the activated surface and allowed to react for 4 h under humid atmosphere. The electrode was then rinsed with distilled water to remove unbound aptamers. Modified SPCE was finally incubated with 50 μL of ethanolamine solution (1M) for 3 hours in order to block unreacted succinimide groups. The aptamermodified SPCEs were then ready for TET determination.

Aptasensor electrochemical characterization

Electrochemical Impedance Spectroscopy (EIS) measurements were performed using as background electrolyte a PB containing ferri/ferrocyanide [Fe(CN)6] 4-/3-at 1 mM. The presence of this redox probe allows the detection of a current response much higher than using electrochemically inert solutions. EIS experiments were carried out at an applied potential of 0.15V (vs. Ag/AgCl reference electrode), obtained from the equilibrium redox potential of [Fe(CN)6] 4-/3-, with a frequency range from 10kHz to 1Hz, a voltage amplitude of 5 mV and a sampling rate of 100 points. The EIS spectra were plotted in the form of complex plane diagrams (Nyquist plots, -Zimvs.Zre) and fitted to a theoretical curve corresponding to the equivalent circuit with FRA (Frequency Response Analyzer) software.

TET measurement protocol

The developed aptasensor was based on aptamer immobilization and direct label-free detection of tetracycline TET as shown in fig. 1. Cyclic voltammetry measurements (CV) were performed by scanning the potential from -0.6 to +0.8 V vsAg/AgCl at a scan rate of 50 mV/s. The detection of TET was made according to the following procedure: the initial electrochemical response of the aptasensor was first recorded, then 100 μL of TET solution in BB was deposited on activated working electrode and let to react for 40min, and finally the residual response of the electrode was recorded again. The aptasensor was rinsed with BB prior to each electrochemical measurement (fig. 1).

Concerning the real samples analyses, water samples taken from La Raho lake (Villeneuvede-la-Raho, France) was firstly aliquoted in 4 tubes, and spiked with TET to obtain final concentrations of 0, 0.5 µg/L, 1 µg/L and 5 µg/L, respectively. The resulting samples were then diluted 10 times with BB and 100 μL of the obtained solutions were used for aptasensors measurements, as described above. 

Results and Discussion

Electrochemical impedance spectroscopy studies of aptamer-modified electrodes

EIS is an effective technique to investigate the changes in dielectric constants and barrier properties during the biosensor assembly. In Nyquist plots of impedance spectra, the semicircle portion of the plot corresponds to the charge transfer process. The increase of the diameter of the semicircle reflects the increase of the interfacial charge-transfer resistance (Rct). Faradic impedance spectra measured stepwise during the electrodes modification process are shown in fig. 2. The Nyquist plot of bare SPCE electrode (red line) reveals a reduced semi-circle, indicating a very low electron transfer resistance of the redox probe (Ret = 74 kΩ). After electrode modification with 4-CP (blue line), the Ret value dramatically increased up to 1560 kΩ, due to the fact that the 4-CP layer acted as electrostatic barrier and reduced the ability of the redox probe and inhibits the electron-transfer between [Fe(CN)6] 4-/3- redox probe and the electrode [START_REF] Istamboulié | Development of an impedimetric aptasensor for the determination of aflatoxin M1 in milk[END_REF]. Subsequently, amino modified aptamers were covalently immobilized onto the 4-CP modified electrode via EDC-NHS coupling. After aptamer immobilization on the electrode surface, we observed that the semi-circle was deformed into two semi-circles fig. 2 (purple line). Such phenomenon was never observed previously in these conditions. As a comparison, fig. 2 (orange line) shows the impedance signal obtained using an anti-penicillin aptamer recently developed in our group [START_REF] Paniel | Selection of DNA aptamers against penicillin G using Capture-SELEX for the development of an impedimetric sensor[END_REF], which has a similar length as the one used in this work. In the absence of the external probe [Fe(CN)6] 4-/3-, the Nyquist plot showed a huge semi-circle indicating a high electron transfer resistance ((see supplementary information, fig. S1) 

Characterization of aptasensor using cyclic voltammetry (CV)

CV experiments were carried out in order to better understand how immobilized anti-TET aptamer could affect the electron transfer resistance, as observed by IES. CV measurements were performed in the potential range from -0.6 to +0.8 V vs Ag/AgCl. Surprisingly an oxidation and reduction peaks were observed in absence of external redox probe, at respectively +0.19 and -0.25 V (fig. 3). The presence of these peaks could easily explain the Nyquist diagram deformation, considering that the impedance was measured at a potential of 0.15 V, where the aptamer oxidation signal is observed. Several experiments were realized to understand the origin of this unexpected redox activity.

As bivalent cations can be involved in the stabilization of tridimensional structures, CV measurements were first carried out in Tris-HCl (20 mM, pH 7.6) in absence of such ions.

Resulting voltammograms confirmed the presence of oxidation and reduction peaks, showing the independence of this signal from cations in the electrolyte fig. S2 [START_REF] Barton | Metal/Nucleic-Acid Interactions[END_REF][START_REF] Potty | Biophysical characterization of DNA and RNA aptamer interactions with hen egg lysozyme[END_REF]. In a second step, we investigated the structure of anti-TET aptamer using Mfold web server (University of Albany, New York State University, USA). Two different structures were modeled (fig. S3a), from which 6 different characteristic fragments were identified (fig. S3-b), synthesized and individually immobilized on SPCE. However, as shown in fig. S4, the redox signal characteristic of the whole aptamer could not be recovered using any of these separate fragments. We also studied the effect of aptamer-end-modified orientation on observed redox couple, we immobilized the described aptamer modified at 3' on the electrode surface respecting the same immobilization conditions described above. The results showed the same redox signal intensity compared to that observed from aptamer modified at 5'. Regarding the results observed form aptamer which has the same sequence length and the G, and C bases number, no signal redox was observed from this aptamer. Fig. S5 is showing the conformation of the aptamer predicted by Mfold webserver. To evaluate the effect of immobilization method, additional experiments were carried out by immobilizing a 5'-thiol-modified anti-TET aptamer on commercially available gold screen-printed electrodes (Dropsens DRP-220 BT). As shown in fig. S6, the same redox signal was observed using the resulting aptasensor. All these results confirmed that the 76-mer anti-TET aptamer was intrinsically electroactive and could be used as a recognition element in a reagentless sensor for TET detection.

The effect of aptamer loading on signal intensity was also investigated by using aptamer concentrations of 0.25, 0.5, 1 and 10 µM, corresponding to theoretical aptamer loadings of 5, 10, 20 and 200 picomoles per electrode. As shown in fig. S7, the obtained signal increased for aptamer concentrations ranging from 0.25 and 1 µM. However no significant difference was observed between 1 and 10 µM. Further aptamer immobilizations were thus performed using an aptamer concentration of 1 µM.

Electrochemical detection of TET

The effect of TET concentration on the aptasensor signal was studied by cyclic voltammetry.

In presence of TET a proportional decrease of both reduction and oxidation peaks was observed. However, due to the noise obtained for reduction peaks, it was decided to consider the variations related to the oxidation peaks (fig. 4-a). The average intensity of these oxidation peaks for n=5 electrodes prepared in the same conditions was 45± 3µA. These reproducibility data refer to the mean value of 3 assays for each electrode, and inter-assays variations were lower that 0.25 µA. As shown in fig. 4-b, the developed aptasensor exhibited a good linearity for TET concentrations ranging from 0.05 µg/L to 20 µg/L. The detection limit, determined as the tetracycline concentration inducing a response three times higher than the blank variation, was 0.035 μg/L. The developed aptasensor has been compared to previously described devices based on the same aptamer. As shown in table 1, the great advantage of the biosensor described in this work is related to the simplified measurement procedure, which does not involve any addition of soluble redox species. The storage stability of the developed aptasensor has been also investigated by storing the sensor in ethanolamine under humid atmosphere. The results showed no decrease of oxidation peaks average after one week of storage.

Cross-response studies

The selectivity of the developed system was evaluated by measuring the aptasensor response after incubation with 20 μg/L TET and other TET-derivatives (Oxytetracycline, Doxycycline, Demeclocycline, Chlortetracycline and Minocycline) (see structures in fig. S8). As shown in fig. 5-a, the developed aptasensor showed a good specificity towards TET, the highest cross reactivity was obtained with Chlortetracyclin, which lead to a signal equivalent to 0.43 μg/L of TET. These results were in good agreement with those previously reported using the same aptamer [START_REF] Kim | Electrochemical aptasensor for tetracycline detection[END_REF]. The sensor response was also tested in presence of other antibiotics (Chloramphenicol, Kanamycin, Ciprofloxacin and Penicillin G), and common environmental pollutants also used at 20 µg/L. (Bisphenol A, Diclofenac) (see structures in fig. S8). The measured current drop was 75 % lower than using TET, such response corresponding to an equivalent TET concentration lower than 0.3 µg/L (Fig. 5-b). 

Analysis of natural samples

The developed aptasensor was used for analyzing natural samples that were taken from a local lake and spiked with TET concentrations ranging from 0.5 to 5 µg/L (Table 2). In absence of added TET, the natural water did not affect the aptasensor and the response was the same as the blank (0.8±0.2µA). Using the spiked samples, a decrease of oxidation peak was obtained which was correlated to the concentration of TET. As can be seen in table 2, the recoveries rates were in the range of 87.8 %-97%, indicating that the developed aptasensor could be applied for the determination of TET in natural waters.

Table 2: Determined concentrations and recovery rates obtained upon aptasensor analysis of TET-spiked lake water samples.

Conclusions

The unexpected electrochemical activity of the 76-mer aptamer for tetracycline described in literature [START_REF] Niazi | Single-stranded DNA aptamers specific for antibiotics tetracyclines[END_REF] was exploited to develop a label-free aptasensor for the detection of TET. The interaction between tetracycline and aptamer was investigated by cyclic voltammetry, allowing the detection of TET at concentrations ranging from 0.05 µg/L to 20 µg/L, with a detection limit of 0.035 µg/L. The proposed aptasensor displayed a good specificity with TET and was successfully used for the detection of TET in natural waters. Future works will be dedicated to better understanding this redox activity that could be exploited to develop other reagentless aptasensors. 

  5'-NH2 GGG AGG ACG AAG CGG AAC GAG ATG TAG ATG AGG CTC GAT CCG AAT GCG TGA CGT CTA TCG GAA TAC TCG TTT TTA CGC CTC AGA AGA CAC GCC CGA CA-3'; and a 76-mer random aptamer which has the same GC ratio as anti TET aptamer: 5'-NH2-AAC GTT TCA GCG CAG GCG CTC ACG GTT GCG GTT GGT CCG CGT GGA TCC GAG CTC CAC GTC CGC ACG GCC GCA CTG C-3' The following chemicals were purchased from Sigma-Aldrich (France): sodium phosphate dibasic (Na2HPO4), potassium phosphate monobasic (KH2PO4), sodium chloride (NaCl), magnesium chloride (MgCl2), potassium chloride (KCl), calcium chloride (CaCl2), sulfuric acid (98%), sodium nitrite (NaNO2), N-hydroxysuccinimide (NHS),N-(3-dimethyl amino propyl)-N-ethyl carbodiimide hydrochloride (EDC), 2-(N-morpholino) ethane sulfonic acid (MES), 4-amino benzoic acid (4-ABA), ethanolamine, Trizma® hydrochloride and Tween 20.
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 1 Figure 1: Schematic representation of aptasensor fabrication and measurement procedure

Figure 2 :

 2 Figure 2: Nyquist plots obtained in presence of 1 mM [Fe(CN)6] 4-/3-for: a) bare SPCE, b) 4carboxyphenyl-modified electrode, c) after immobilization of anti-TET aptamer, and d) after immobilization of anti-penicillin aptamer. (Applied potential 0.15 V vs Ag/AgCl, frequency range 10 kHz -1 Hz).

Figure 3 :

 3 Figure 3: Cyclic voltammogram obtained using TET aptamer-modified SPCE in binding buffer (scan rate 50 mV/sec).

Figure 4 :

 4 Figure 4: a) Oxidation peaks obtained by cyclic voltammetry in binding buffer (blank) and after incubation with TET solutions with concentrations ranging from 0.05 to 20 µg/L, b) Corresponding calibration curve (error bars were calculated for n=3 assays).

Figure 5 :

 5 Figure 5: Response of the aptasensor in presence of 20µg/L of a) TET derivatives including Oxytetracycline (OTC), Doxycycline (DOX), Demeclocycline (DEM), Chlortetracycline (CLO) and Minocycline (MIN); b) other antibiotics and anthropogenic pollutants including Chloramphenicol (CMP), Kanamycin (KAN), Ciprofloxacin (CPX), Penicillin G (PEN G), Bisphenol A (BPA) and Diclofenac (DCF).
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