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Introduction

Patulin (4-hydroxy-4H-furo [3,2c] pyran-2[6H]-one) is a low molecular mass, water-soluble mycotoxin produced by several fungal species including genera Aspergillus, Penicillium and Byssochlamys. Patulin (PAT) is commonly found in rotten fruits, vegetables and cereals, most notably in brown rotted apple and pears [START_REF] Moss | Fungi, quality and safety issues in fresh fruits and vegetables[END_REF]. PAT exhibits several chronic, acute, and cellular level toxic effects on both human and animals. PAT has neurotoxic, immunosuppressive, and mutagenic effects on domestic animal species and cause severe harm to intestinal epithelium. [START_REF] Glaser | Patulin: mechanism of genotoxicity[END_REF]. Because of PAT's drastic toxicity, different authorities have assigned regulatory limits on the level of PAT safety allowed in food stuff. The maximum permissible level of Patulin in food defined by the European Union Commission (EU) was 50 μg L -1 in apple juice, and 25 μg L -1 in solid apple products [START_REF] Commission | Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants in foodstuffs[END_REF] and 10 μg L -1 for infants [START_REF] Ioi | Mitigation of patulin in fresh and processed foods and beverages[END_REF][START_REF] Van Egmond | Regulations relating to mycotoxins in food[END_REF]. Several analytical techniques were used to monitor PAT levels in food including mass spectrometry, thin layer chromatography, high performance liquid chromatography mass spectrometry (HPLC-MS) [START_REF] Beltrán | Determination of patulin in apple and derived products by UHPLC-MS/MS. Study of matrix effects with atmospheric pressure ionisation sources[END_REF][START_REF] Li | Determination of patulin in apple juice by single-drop liquid-liquid-liquid microextraction coupled with liquid chromatography-mass spectrometry[END_REF] , UV detection [START_REF] Sadok | The validated and sensitive HPLC-DAD method for determination of patulin in strawberries[END_REF][START_REF] Valle-Algarra | Optimization of clean-up procedure for patulin determination in apple juice and apple purees by liquid chromatography[END_REF], gas chromatography mass spectrometry (GC-MS) [START_REF] Cunha | Determination of patulin in apple and quince products by GC-MS using 13C5-7 patulin as internal standard[END_REF] and micellar electrokinetic chromatography (MEKC) (Víctor-Ortega, Lara, García-Campaña, & del Olmo-Iruela, 2013) and several other techniques . Despite the high reliability and advanced characteristics of these techniques, certain limitations such as complex and expensive instrumentation as well as trained personnel make their use difficult and almost impossible for on-site analysis.

As an alternative to traditional detection methods, biosensors have been emerged as a promising tool for analytical applications. Diverse biosensors have been developed with various transduction techniques including electrochemical, photoelectrochemical, fluorescence, colorimetric and photoluminescence etc., Antibodies-based biosensors have been reported previously for the screening of mycotoxins including PAT (de Champdore et al., 2007;[START_REF] Pennacchio | A surface plasmon resonance based biochip for the detection of patulin toxin[END_REF]. However, antibodies are expensive and tedious to prepare that are major limitations in designing antibodies based immunosensors.

Aptamers are short synthetic oligonucleotides or peptide molecules that can bind specifically to variety of targets such as heavy metal ions, nucleotides, antibiotics, neurotransmitters, pesticides, biomarkers, drugs, proteins, and whole cells. Aptamers are synthesized using a systematic evolution of ligands by exponential enrichment (SELEX) method, a directed in vitro evolution technique in which large libraries of degenerate oligonucleotides were iteratively and alternately partitioned for target binding [START_REF] He | Aptamer based voltammetric patulin assay based on the use of ZnO nanorods[END_REF]. Aptamers are more beneficial compared to other molecular probes because of their intrinsic advantages, such as reproducible synthesis, excellent stability, easy manipulation, and non-toxicity. In addition, the flexibility and easy programming offered by nucleic acids also make aptamers ideal to replace antibodies as the recognition element in biosensing applications.

Electrochemical and optical biosensors have been previously developed for screening of mycotoxins in food [START_REF] Guo | A novel molecularly imprinted electrochemical sensor modified with carbon dots, chitosan, gold nanoparticles for the determination of patulin[END_REF][START_REF] He | Aptamer based voltammetric patulin assay based on the use of ZnO nanorods[END_REF][START_REF] Sharma | Designed Strategies for Fluorescence-Based Biosensors for the Detection of Mycotoxins[END_REF][START_REF] Wu | An ultrasensitive aptasensor based on fluorescent resonant energy transfer and exonuclease-assisted target recycling for patulin detection[END_REF] but relatively few reports are available on a fluorescence-based detection platform for PAT. Due to simplicity and ease of optical signal transduction and frequent availability of fluorescent tags with diverse spectral characteristics, fluorescence-based detection methods have been growing and are readily becoming the most commonly used technique in sensing technology. Various fluorescence-based detection platforms have been designed and commercialized for different applications such as food safety [START_REF] Liu | Switch-on" fluorescent sensing of ascorbic acid in food samples based on carbon quantum dots-MnO2 probe[END_REF], drug delivery [START_REF] Sessa | Bioavailability of encapsulated resveratrol into nanoemulsion-based delivery systems[END_REF], environmental monitoring [START_REF] Verma | Detection of heavy metal ions in contaminated water by surface plasmon resonance based optical fibre sensor using conducting polymer and chitosan[END_REF], drug discovery, and bioimaging etc., [START_REF] Xue | Fluorescent pH-sensing probe based on biorefinery wood lignosulfonate and its application in human cancer cell bioimaging[END_REF]. Carboxyfluorescein is a commonly used fluorophore, due to its superior optical characteristics, high quantum yield and higher photostability (G. [START_REF] Li | A fluorometric aptamer nanoprobe for alpha-fetoprotein by exploiting the FRET between 5-carboxyfluorescein and palladium nanoparticles[END_REF]. The explosion of nanotechnology in material science introduced a new group of fluorophores and nano-quenchers, which exhibit unique optical properties. [START_REF] Ray | Size and shape dependent second order nonlinear optical properties of nanomaterials and their application in biological and chemical sensing[END_REF]. Carbonbased nanomaterials (single and multiwall CNTs, graphene and graphene oxide, carbon dots) have shown excellent potential as optical tags in biosensing technology [START_REF] Hosseini-Narouei | Immobilized Ammoniated Ruthenium Oxychloride on Functionalized Carbon Nanotubes as a Modifier for Simultaneous Determination of Biocompounds[END_REF][START_REF] Li | Multi-walled carbon nanotubes as an effective fluorescent sensing platform for nucleic acid detection[END_REF][START_REF] Pérez-López | Carbon nanotubes and graphene in analytical sciences[END_REF]. CNTs have several advantages over conventional organic quenchers, making them particularly suitable for biosensing applications. CNTs have an ultrahigh surface area for loading, including multiple molecules along the nanotube sidewalls for multiplexed sensing.

Moreover, CNTs also possess a broad absorption spectrum, high quenching efficiency, and high signal-to-noise ratio which makes them functional more efficiently compared to organic quenchers. The interaction between SWCNTs and biological molecules has been extensively studied in recent years [START_REF] Zhu | Single-walled carbon nanotube as an effective quencher[END_REF] but the quenching efficiency of functionalized multiwall CNTs was not fully explored. Literature revealed that the incorporation of oxygen functionalities on carbon nanomaterials increase the quenching efficiency [START_REF] Goud | Aptamer-based zearalenone assay based on the use of a fluorescein label and a functional graphene oxide as a quencher[END_REF]. Thus, oxygen functionalized MWCNTs were utilized in present study.

In this work, a novel fluorescence quenching-based apta-assay was developed for PAT detection.

To the best of our knowledge, the quenching efficiency of -COOH functionalized multiwall carbon nanotubes was investigated for the first time and reported in this work. The selectivity of this assay was confirmed by comparing affinity of two different PAT aptamer sequences. The tagging effect of fluorescent dye at 3' and 5' end of aptamer was also investigated. The aptamer with a higher affinity towards PAT was then assessed for detection in a spiked apple juice sample.

The proposed fluorescence-based apta-assay works on a fluorescence quenching and recovery mechanism. The schematic illustration is presented in Fig 1 . In the absence of CA-MWCNTs, CFL tagged aptamer outputs a strong fluorescence emission, while the addition of CA-MWCNTs resulted in interaction between CFL-aptamer and CA-MWCNTs and consequently 90% of the fluorescence was quenched (Fig. S3). After the quenching, incubation of the PAT containing solution recovered its pre-quenched fluorescence. The strong π-π interaction between the nucleotide bases of the aptamer and the electron rich surface of CA-MWCNTs brought the fluorophore closer in proximity to the quencher and resulted in the occurrence of FRET phenomenon and the fluorescence signal was turned off [START_REF] Singh | Role of molecular interactions and structural defects in the efficient fluorescence quenching by carbon nanotubes[END_REF].

Furthermore, the addition of PAT resulted in conformational changes in the structure of aptamer and an aptamer-PAT complex was formed. Structural changes of the surface weakened the π-π interaction between aptamer and CA-MWCNTs, releasing the fluorophore from the quencher's proximity [START_REF] Yang | Carbon nanotube-quenched fluorescent oligonucleotides: probes that fluoresce upon hybridization[END_REF]. The loss of the π-π interactions allowed the fluorescence of the system to recover. Li et al. demonstrated that detaching aptamer from the surface of CA-MWCNTs was caused by the unavailability of nucleotide bases which limits π-π stacking interaction with a nanoquencher (H. [START_REF] Li | Multi-walled carbon nanotubes as an effective fluorescent sensing platform for nucleic acid detection[END_REF]. This phenomenon was also supported by the recovery in fluorescence, which was directly proportional to the quantity of analyte. This proportional recovery of fluorescence with concentration of analyte made it suitable for qualitative as well as quantitative analysis of PAT. • PAT sequence B (30 bases) [START_REF] Tomita | DNA module platform for developing colorimetric aptamer sensors[END_REF] 5′-CCT GCG GGC GCT GTT CGC CTA GTC GGA AGG-3′CFL

• PAT sequence C (30 bases): CFL5′-CCT GCG GGC GCT GTT CGC CTA GTC GGA AGG-3′ Carboxylic acid modified multiwall carbon nanotubes (D × L 4-5 nm × 0.5-1.5 μm), patulin, potassium phosphate monobasic (KH2PO4), sodium phosphate dibasic (Na2HPO4), calcium chloride (CaCl2), magnesium chloride (MgCl2), potassium chloride (KCl), were purchased from Sigma-Aldrich, France. HEPES sodium salt was obtained from Fisher Scientific (Fair Lawn, NJ, USA). Deionized Milli-Q water (Millipore, Bedford, MA USA) was used throughout the experimental procedure for reagent preparation. Interfering analytes: zearalenone, aflatoxin A, Aflatoxin B, ochratoxin A, fumonisins, 5-hydroxymethylfurfural, and lactic acid were obtained from Merck-sigma Aldrich, France. All chemicals were of analytical grade.

In order to test the applicability of presented method, apple juice (purity: 95%, sugar: 14 g, Carbohydrates: 15 g, citric acid: traces, proteins: traces) was purchased from a local supermarket.

The samples were characterized with a background content of zero level of patulin.

Instrumentation

Fourier transform infrared spectroscopy (FT-IR) measurements were recorded using a Thermo Fisher Scientific Nicolet 6700 spectrometer (Waltham, MA, USA). Scanning electron microscope (SEM) studies were performed at VEGA 3 TESCAN variable pressure mode (LMU) version (Brno, Czech Republic). Images were taken in different magnification ranges at an accelerated voltage of 20 kV. EDX data was achieved from the SEM selected images.

Fluoroskan Ascent FL2.6 (Thermo Life sciences, Cergy Pontoise, France) equipped with Ascent software version 2.6 that provides fixed values of fluorescence was used for fluorometric measurements. All the fluorescence experiments were executed in standard 96 black microwell plates obtained from Thermo Fisher, Scientific, Rosklide, Denmark. UV-Visible spectroscopy (UV-Vis) measurements were performed on UV-spectrophotometer (UV-1800, USA) equipped with UV probe software to measure the absorption parameters of aptamer-PAT complex. Pretreatment of aptamer (heating at 90 °C for 5 min and cool down to 4 °C) was performed on a thermocycler mastercycler (Eppendorf, Le pecq, France).

Solution Preparation

Phosphate binding buffer (PBB 50 mM) was prepared by dissolving 8 mM Na2HPO4, 2 mM KH2PO4, 135 mM KCl, 5 mM MgCl2, and 60 mM NaCl in deionized milli-Q water. Similarly, HEPES binding buffer (HBB, 50 mM) was prepared by dissolving 50 mM HEPES sodium salt 5 mM MgCl2, and 120 mM NaCl. The pH of HEPES buffer and HBB was adjusted to 7.4 using few drops of concentrated (1M) NaOH and 1M HCl solution. Lyophilized aptamer was diluted to 100 μM in sterilized deionized water; while further aliquots and buffer solutions were prepared in normal deionized water. Aptamer pretreatment (heated at 85 o C for 5 min and then at 4 o C for next 5 min) was done before use. PAT stock solution was prepared in acetonitrile and later dilutions were dissolved in HBB. CA-MWCNTs were dispersed in working buffer (HBB) with the help of sonicator.

Fluorescence and quenching Measurements

After thermal pre-treatment, aptamers were incubated at room temperature for at least 10-20 min before use. Afterwards, the fluorescence intensity of each aptamer was measured at different concentrations to optimize the concentration for the best assay performance. The final volume of 200 μL was kept fixed in the fluorometric plate well throughout the measurements. Fluorescence was recorded at excitation and emission wavelength of 485 and 538 nm respectively.

For quenching measurement, 25 μL of CFL-labeled aptamer (final concentration 0.8 μM) and 25 μL of carboxylic acid (CA) functionalized MWCNTs (final concentration ranging from 10-90 μg mL -1 ) were mixed with 150 μL of HEPES buffer (pH 7.4). Measurements were made continuously for 1 hour with 10 minute intervals for each measurement. To calculate the quenching percentage, control experiments were performed without the addition of CA-MWCNTs while keeping all other conditions constant.

Fluorescence Apta-assay for Patulin

To quantify the targeted Patulin, CFL-labeled aptamer (final concentration 0.8 μM) was incubated with different concentrations of PAT (ranges from 5-350 ng mL -1 ) for 40 minutes 

Selectivity test

Selectivity of the developed apta-assay was compared against potential interfering analyte such as ochratoxin A, ochratoxin B, zearalenone, fumonosins and aflatoxin B1, 5hydroxumethylfurfural and lactic acid. Measured amount, 25 ng mL -1 of each interfering analyte was added and incubated individually with Patulin aptamer using the optimized conditions.

Apple Juice sample preparation

Apple juice samples was prepared using the method reported by [START_REF] Wu | An ultrasensitive aptasensor based on fluorescent resonant energy transfer and exonuclease-assisted target recycling for patulin detection[END_REF].

In a 5 mL falcon tube, different patulin concentrations (10, 25 and 50 ng mL -1 ) as final spiking concentration) were added to apple juice and the samples were vortexed with ethyl acetate solution (1:1) and centrifuged at 5600 xg for 5 minutes. The supernatant was dried under a nitrogen environment. Afterwards, the obtained dry powder was dissolved in PBB and filtered with a 0.22 mm nylon syringe filter. The pH of the apple juice sample was adjusted to 7.4. An HPLC method was employed to calculate recoveries and the reference values of PAT contents in apple juice samples [START_REF] Prieta | Determination of patulin by reversed-phase high-performance liquid chromatography with extraction by diphasic dialysis[END_REF].

For HPLC analysis, the water-tetrahydrofuran (THF) (99 + 1) mixture was used as mobile phase for the HPLC system. The flow rate was adjusted to 1.0 mL min -l and UV detection was carried out at 275 nm. Aliquots (20 μL) of different concentrations of patulin were injected into the HPLC system. The calibration curve was obtained by plotting peak area versus concentration. By spiking the apple juice with patulin concentrations of 10, 25 and 50 ng mL -1 , recoveries were calculated and compared with that obtained in case of aptamer based assay.

Characterization of interaction between Aptamer and CA-MWCNTs

UV-Vis measurements were carried out to determine the interaction among CFL-aptamer, CA-MWCNTs and PAT. The UV absorbance of 1 mL of CFL-aptamer (0.8 μM) was recorded in the absence and presence of CA-MWCNTs (25 μg mL -1 ). Furthermore, the aptamer-analyte complex, and aptamer-CA-MWCNTs-analyte assembly were also analyzed. For this purpose, 1 mL of PAT (50 ng mL -1 ) was incubated for 40 min with aptamer solution and then UV measurements were made. After that, 1 mL of the nanoquencher (25 μg mL -1 ) was added and reaction mixture was incubated for 30 minutes followed by UV analysis. All spectra were obtained in the wavelength range of 220 to 320 nm.

FT-IR spectra were taken at each step to confirm the interaction of aptamer with the nanoquencher and the analyte. The spectra of functionalized and non-functionalized MWCNTs were taken in their powdered form. Later, 1 mL of CFL-aptamer (0.8 μM) was incubated with CA-MWCNTs (25 μg mL -1 in PBB (pH 7.5) for five minutes, the mixture was then centrifuged, supernatant was discarded and the remaining samples were dried and measured by FT-IR. Next 1 mL of PAT (50 ng mL -1 ) was incubated with the aptamer and the nanoquencher for 40 minutes in PBB. The sample was prepared under the same experimental conditions discussed above. FT-IR spectra were obtained in ATR mode, in the range of 3750-1000 cm -1 , resolution 8 cm -1 with 256 scans.

The morphology of MWCNTs was examined by SEM at 10 kV and 10 Pa under low vacuum mode (Tescan, Vega LMU).

Results and Discussion

Characterization of interaction between Aptamer and CA-MWCNTs

UV-Visible Spectroscopy

The interaction between CFL-aptamer and CA-MWCNTs was analyzed by UV-Vis measurements; the spectra are shown in Fig. S1. CFL-aptamer shows characteristic absorption at 260 nm (Fig. S1A curve b) [START_REF] Sharma | Development of structure switching aptamer assay for detection of aflatoxin M1 in milk sample[END_REF], while CA-MWCNTs did not exhibit any absorption in this wavelength range (Fig. S1A, curve a). On addition of CA-MWCNTs (10 µg mL -1 ), peak position remained the same, but the absorbance of CFL-aptamer increased significantly (Fig. S1A, curve e). This increase in absorbance could be due the strong π-π stacking interaction between aptamer and multiwall carbon-nanotubes (H. [START_REF] Li | Multi-walled carbon nanotubes as an effective fluorescent sensing platform for nucleic acid detection[END_REF]. In the presence of PAT, (Fig. S1A,curve d) there is a significant decrease in the UV absorption observed, which indicates the detachment of aptamer from the quencher's surface. This detachment could be due to the target induced aptamer conformational changes. The structural change weakens the π-π interaction between nucleotide bases of aptamer and CA-MWCNTs.

The UV spectra of the aptamer-PAT complex, in the presence and absence of quencher, showed a nearly identical pattern. The slight difference in absorbance (Fig. S1A,curve d) can be attributed to the co-existence of aptamer-CNTs π-π-stacked structure and aptamer-PAT complex in the sample solution. The obtained results confirmed that the fluorescence was recovered due to the 3D conformational changes in aptamer structure that detaches the aptamers from CA-MWCNTs surface. Other two aptamers, sequence B (Fig. S1B) and sequence C (Fig. S1C), exhibited a similar UV absorbance pattern, representing similar interactions.

Fourier Transformed Infra-Red Characterization

FT-IR analysis were carried out to confirm the presence of carboxylic group on MWCNTs, and the interaction between aptamer and CA-MWCNTs. Fig. 2 shows the FT-IR measurements for MWCNTs and CA-MWCNTs. In case of MWCNTs, no significant bands were recorded, except a single peak at 1490 cm -1 demonstrating C-H bending. However, in case of CA-MWCNTs, several bands were measured. The band at 1202 cm -1 and from 1490 cm -1 to 1650 cm -1 were attributed to C-O-C and C=C bending, respectively. Bands from 2850 cm -1 to 2950 cm -1 represent C-H stretching vibration. A small peak at 3460 cm -1 can be attributed to the OH-stretching mode of the carboxylic group of the CNTs. The peak seen in both spectra between 2200 cm -1 and 2300 cm -1 could be assigned to CO2 -. After the incorporation of aptamer on the surface of CA-MWCNTs, the C=O signal shifted to 1643 cm -1 and became broader due to amide-carbonyl stretching. [START_REF] Qiao | A new application of aptamer: One-step purification and immobilization of enzyme from cell lysates for biocatalysis[END_REF] Small peaks at 1180 , 1480 and 3430 cm -1 were assigned to aliphatic C-N stretching, N-H rocking and N-H stretching vibrations, respectively. [START_REF] Kavitha | Poly(acrylic acid)-Grafted Graphene Oxide as an Intracellular Protein Carrier[END_REF]. These results suggest that aptamer is attached to the surface of the nanotubes. No peaks appeared after addition of analyte, indicating that the aptamer has been removed from the surface of nanotubes. Normally, nanomolar concentration of aptamer and analyte are used to perform the binding event. Therefore, the appearance of FTIR bands for all the elements was not expected in the spectra.

Figure 2

Scanning Electron Microscopy

The morphology of MWCNTs were examined by SEM at 10 kV and 10 Pa under low vacuum mode (Tescan, Vega LMU) and presented in Fig. 3. It is observed that the surface roughness of MWCNTs increased upon functionalization which indicated the interaction of -COOH group with MWCNTs. Similarly, an apparent change in the arrangement of MWCNTs is observed after the attachment of the aptamer on the surface of the nanotubes. MWCNTs are closely packed upon addition of aptamer but become separated after addition of analyte. Aptamers have the ability to self-assemble via π-π stacking interactions between the walls of MWCNTs [START_REF] Kara | Aptamers based electrochemical biosensor for protein detection using carbon nanotubes platforms[END_REF][START_REF] Zelada-Guillén | Immediate Detection of Living Bacteria at Ultralow Concentrations Using a Carbon Nanotube Based Potentiometric Aptasensor[END_REF]. Zhang et al. reported that specific aptamertarget complexes are much more stable than other interactions. When a specific target analyte is introduced into the system, aptamer binds with its analyte, causing the detachment of aptamer from weakly bound surfaces [START_REF] Zhang | Electrochemical aptamer-based microsensor for real-time monitoring of adenosine in vivo[END_REF]. In this work, the presence of analyte removed the aptamer from the surface of the nanotubes, leaving behind well dispersed MWCNTs.

Figure 3 Energy dispersive X-ray spectroscopy

Energy dispersive X-ray spectroscopy was used for the elemental analysis of MWCNTs and -COOH-MWCNTs (Fig. S2). The experiments showed an increase in the percent-weight of carbon (C) in functionalized MWCNTs as compared to that in the MWCNTs. A further increase in the C content was observed after addition of the aptamer. This increase in the C content may be attributed to the presence of C in the structure of the aptamer. The absence of oxygen (O) in the presence of aptamer compared to bare MWCNTs and -COOH-MWCNTs which further provides evidence for the attachment of the aptamer to the surface of the nanotubes. The O content was recovered after addition of analyte indicating the detachment of the aptamer from the surface of the nanotubes. The presence of sodium and chloride ions in Fig S 2c and Fig S 2d can be attributed to use of PBB as a binding medium for aptamer and analyte preparation. The NaCl salt is mainly used at higher concentrations for the preparation of PBB. A nanomolar concentration of aptamer and analyte is employed in the binding event, making it difficult to observe the other elements in the structure of both species.

Comparison between the quenching efficiency of functionalized and non-functionalized

MWCNTs

The effect of functionalization on multiwall carbon nanotubes was studied in terms of quenching efficiency of functionalized and non-functionalized MWCNTs. The same concentrations of functionalized and non-functionalized MWCNTs were monitored for quenching performance.

The results in Fig. S6 indicate that after 5 minutes CA-MWCNTs completely quenched the fluorescence of CFL while only 5% quenching was observed for non-functionalized CNTs. The reason behind the increase in quenching efficiency of CA-MWCNTs could be due to better dispersion in HBB as compared to that of bare MWCNTs as shown in Fig. S6 (right image).

Secondly, the oxygen functionalities on CA-MWCNTs increased the quenching efficiency of carbon nanomaterials.

Optimizations

Experimental conditions strongly affect the sensing performance of the developed assay, therefore all parameters were carefully investigated and optimized. Fluorescence intensity was taken as an indicator to optimize the concentration of the aptamer. The fluorescence response of three different aptamers was obtained at different concentrations of CFL-aptamer. It was observed in Fig. S3 that with increasing aptamer concentration, the fluorescence intensity also increased. Therefore, at 0.8 μM concentration, all three sequences of PAT-aptamer exhibited enough fluorescence to be utilized for construction of this aptamer-based assay. Although a higher concentration of aptamer could increase the output signal but the high concentration can also compromise the sensitivity of the assay. Similarly, the quenching performance of CA-MWCNTs gradually increased with increasing concentration and almost 100% quenching was observed at 25 μg mL -1 (Fig. S3 right). Therefore, 0.8 μM aptamer and 25 μg mL -1 of CA-MWCNTs were selected as the optimal concentrations of aptamer and nanoquencher.

Buffer pH is also an important factor that can affect the assay performance, thus response of CFL tagged aptamer and CA-MWCNTs was obtained at different pH in the working range of HBB. It can be observed in Fig. S4 that increasing pH, causes fluorescence intensity of CFL-aptamers to increase. This relationship can be attributed to carboxyfluorescein having neutral, cationic, anionic and dianionic forms and causes its absorption and fluorescence properties to be significantly pH dependent. Evidence from the literature clearly shows that anion and dianion form co-exist at basic pH and exhibited higher fluorescence while neutral and cationic forms that exist at low pH value show lower fluorescence intensity [START_REF] Sjöback | Absorption and fluorescence properties of fluorescein[END_REF]. As indicated in Fig. S4, the maximum fluorescence intensity was observed at pH 8.2 but due to the equilibrium between anionic and neutral form of CFL, the fluorescence was not stable at that pH.

Moreover, pH also has a significant effect on quenching behavior of CA-MWCNTs which can be clearly observed from Fig. S4 (right). The quenching data in Fig. S4 demonstrates low quenching at extreme pH, i.e. 6.8 and 8.2 while maximum quenching was observed at pH 7.2 and 7.4. Thus, quenching and recovery time were also optimized for better assay performance. As shown in Fig. S5 (A) maximum quenching was observed after 5 minutes of addition of nanoquencher while maximum fluorescence was recovered after 40 minutes of addition of PAT (Fig. S5 B).

Quantitative Measurement

After optimization of all the parameters, standard calibration curves were constructed for different PAT concentrations for three aptamer sequences.Fig. 4 shows the recovered fluorescence intensities plotted as a function of PAT concentration ranging from 5 ng mL -1 to 600 ng mL -1 . Encouragingly, the percent recovered fluorescence increased with increasing PAT concentration which it hypothesized to be due to a higher affinity of the aptamer towards PAT to form PAT-aptamer complex. These calibration curves were fitted using a linear equation, obtained line of equation was y = 14.346x-15.909 (coefficient of determination, R 2 = 0.9929) for sequence A, y = 10.272x -16.329 (coefficient of determination, R 2 = 0.981) for sequence B and y = 8.4506x -10.098 (coefficient of determination, R 2 = 0.9607) for sequence C. Good linear range was obtained between 5 ng mL -1 to 300 ng mL -1 (as shown in inset of Fig. 4A, 4B and4C).

The LOD was calculated to be 0.13 ng mL -1 for sequence A, 0.55 ng mL -1 for sequence B and 0.58 ng mL -1 for sequence C. The LOQ for the developed apta-assay was 0.45, 1.8 and 1.9 ng mL -1 for sequence A, B and C, respectively. The 5' carbon has a phosphate group, while the 3' carbon has a hydroxyl (-OH) group. The affinity of the aptamer sequence is dependent on the binding interaction of the nitrogen bases to the analyte, in addition to other contributing factors.

The better analytical performance of 3' end modified aptamer can be related to that the phosphate groups that are involved in binding events at higher extent in comparison to that of 3' end in the sequence of given aptamer and thus modification at 5' may render a decreased affinity of the aptamer. 

Interference Study

To check the selectivity of the developed fluorescence assay, common mycotoxins were checked for an interfering response with PAT. Results are displayed in Fig. 5. There is no significant increase in recovered fluorescence intensity observed in any of the other mycotoxins.

Additionally, selectivity was also confirmed against 5-hydroxymethyfurfural and lactic acid that have structural resemblance with PAT. No interaction of the aptamer was observed with either interference molecule. Therefore, we have concluded that the developed assay was highly specific to PAT Figure 5

Assay Precision Test

To investigate the reproducibility and repeatability of the developed apta-assay, interday and intraday precision tests were performed. Obtained results were summarized in Table S1. A relative standard deviation (RSD) of 2.6 to 4.0% (n=3) was calculated for interday analysis that indicated very good reproducibility of assay. Similarly, for intraday analysis RSD was 1.64% which confirmed the reproducibility of results. 

Spiked Apple Juice Sample Analysis

To validate the feasibility of our developed apta-assay, we evaluated the detection of PAT in real samples (apple juice). The PAT recoveries were compared state of the art HPLC analysis. Apple juice was spiked with different concentrations of PAT (10, 25 and 50 ng mL -1 ). Control experiments were also performed using same concentrations of PAT in HEPES binding buffer.

The recoveries in buffer and in real samples were comparable, ranging from 96 % to 98 % (n=3).

Table 1 demonstrates results for both the developed assay and HPLC validation. The developed sensing platform showed excellent sensitivity and selectivity for PAT and allows for detection maximum permissible level, i.e 50 µg L -1 . As shown in the Table 1, the results obtained using the developed assay were in agreement with HPLC results. No significant difference was observed between the values obtained from these two methods. 

Conclusion

A quenching based apta-assay was successfully developed for sensing of a carcinogenic mycotoxin "Patulin." Carboxyfluorescein was used as a fluorescent tag while carboxylic acid functionalized MWCNTs were utilized for the first time as a nanoquencher. The quenching efficiency of functionalized MWCNTs was found to be 90 times greater than their nonfunctionalized counterpart, which confirmed that oxygen functionalities enhance the quenching power of this nanoquencher. Our assay showed large linear range between 5-300 ng mL -1 and the LOD and LOQ were found to be 0.13 μg L -1 and 0.41 μg L -1 , respectively. The developed assay was also applied for detection of PAT in spiked apple juice samples and excellent recoveries ranging 96-98 % (n=3) in these samples were obtained. The results had satisfactory agreement when compared with standard HPLC analysis which validated our developed bioassay.

Selectivity of the assay was tested against structurally similar compounds and no significant interferences were observed, which confirmed that assay was highly specific towards PAT. The overall quality of our developed bioassay has potential for use as a fast, accurate, and economical detection device for PAT in food samples. 
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 1234 Figure 1. Sensing strategy of fluorescence apta-assay

Figure 5 .

 5 Figure 5. Selectivity test of developed apta-assay against potential interfering analytes at concentration 25 ng mL -1 in PBB pH 7.4, incubation time 40 min, at excitation and emission wavelength of 485 and 538 nm respectively
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Table S2

 S2 outlines the current field of literature for Patulin sensing and compares sensitivity to this work.

Table 1 .

 1 Analytical and recovery performance of developed apta-assay for Patulin detection.

	Recovery

Calculation in Real Sample (This work)

  

	Apple juice sample	PAT added	PAT found	Mean ± St.	% Relative St. Dev	%
		(ng mL -1 )	(ng mL -1 )	Dev		Recovery
	1	10	9.80	9.8 ± 0.27	3.50	98.05
	2	25	24.26	24 ± 1.11	3.83	96.13
	3	50	48.31	49 ± 1.53	4.60	96.64

Recovery Calculation in Real Sample (HPLC method)

  

	Apple juice sample	PAT added	PAT found	Mean ± St.	% Relative	% Recovery
		(ng mL -1 )	(ng mL -1 )	Dev	St. Dev	
	1	10	9.82	9.82 ± 0.25	3.13	98.20
	2	25	23.98	23.98 ± 1.08	3.90	95.92
	3	50	47.62	47.6 ± 1.51	4.71	95.20
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