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Abstract

Amperometric screen printed nitrate reductase biosensor has been developed to detect nitrate ions in aqueous environmental samples. The biosensor was designed by immobilizing the enzyme using glutaraldehyde with coupling agents Azure A and H2O2 as mediators on screen printed carbon electrodes. The biosensor developed was able to detect nitrate ions in different environmental samples up to 20ppm which is within the limit as suggested by European Union standards, representing cheap, rapid and applicable tool for environmental nitrate analysis.
 Keywords
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Introduction

Everything that survives requires nitrogen. Nitrogen is available in various chemical forms in the ecosystem by global nitrogen cycle. However, the balance created by nitrogen cycle is disturbed by human intervention through globalization and urbanization. It includes activities like uncontrolled use of chemical fertilizers, combustion of fossil fuels, sewage effluents, etc. These alterations in the Nitrogen cycle will pose a serious threat to human welfare significantly rising the nitrate concentration in land and water causing acidification, nutrient imbalance, loss of biodiversity and serious life threatening health problems which include Methemoglobinemia/blue baby syndrome and gastric ulcers [1]. Accumulated nitrate in the environment is converted to nitrite, a hazardous substance, by the action of various microbes present in the environment and also by the residing oral flora in the mouth of the individual. Hence, as a control measure, Union European Standard defines 50ppm as the limit of nitrate content in the environmental samples [2][3]. The techniques used to detect the levels of nitrate are assays based on spectroscopic, colorimetric or chromatographic methods which are cumbersome, laborious and expensive method requiring trained laboratory person [4-6].

Thus, the main objective of this research is to design a biosensor that is cheap, user friendly, rapid and accurate to determine the nitrate levels in the environment within minutes. Biosensors are based on the principle that consists of a biological recognition system often called a bio receptor and a transducer. The interaction of an analyte with the bio receptor is designated to produce an effect measured by the transducer which converts the electrochemical signal into electrical signal [1].

The principle underlying this biosensor is based on the catalytic activity of nitrate reductase enzyme (bioreceptor) which reacts with nitrate ions (analyte) present in the sample. The electron transfer takes place, signal transduction is achieved through electrochemical approaches which is detected amperometrically using Potentiostat.

Fabrication and designing of biosensors has been achieved by soft lithography, lab on chip (L-O-C), lab on paper (L-O-P),etc. Among these techniques, lab on paper (L-O-P) is the cheapest and the easiest technology for hydrophilic liquids because of inherent properties of paper. Advantages of using this technology are – instrumentation cost is reduced considerably; cheap production and reproducibility, disposable, no availability issues of the substrate (Paper), etc [2][3].

In this research, biosensor has been fabricated using lab on paper technology for environmental nitrate level monitoring. Whatmann filter paper number 1 was used as the substrate. Screen printed electrodes (SPE) were designed for amperometric detection of nitrate. The nitrate in to the environmental sample gets converted in to nitrite by nitrate reductase enzyme immobilized on to the biosensor, releasing electrons, which is detected amperometrically.

In particular, in amperometric approach it was found that the biosensor chip devised was cheap, rapid, easy to use, easy to manufacture, reproducible but could not be used on site due to the limitation of usage of potentiostat. However, the software used for potentiostatic method could be developed on to a small device that is handy, sensitive and selective [1].

Materials and Methods

Chemicals

Nitrate reductase enzyme extracted from the organism Providencia stuartii was used. Glutaraldehyde, H2O2, Azure A, Potassium nitrate, Bovine serum Albumin taken from LoBA chemicals (India) was used. Electrochemical experiments were carried out in Sodium phosphate buffer (0.1M; pH6.8). Enzyme solution was prepared in Tris–HCl buffer (pH 7.0). Conductive carbon and silver adhesive paste purchased from Alpha Essar (USA) was used. All the chemicals used were of analytical or better grade.

Apparatus

• Steps for preparing biosensor:

1. Patterning of template for fabrication of biosensor

Rectangular blocks of 19 x 2 mm dimension were made using Corel Draw Graphic suite X5.

The design is printed on to the transperancy film. This is used as a positive film for screen printing.

2. Screen printing template

A light sensitive PVA solution was forced through the rayon mesh screen by a rubber squeege and was allowed to dry. Next, a positive film (printed biosensor pattern on transperancy) was exposed to tube light for 15 – 20 minutes, for hardening of light sensitive emulsion. Rinsed with water and was allowed to dry. The screen was ready to use for patterning of biosensor on to different substrates forming a stencil for printing [1][7]. Refer Figures 1 and 2.
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Figure 1: Screen Printing Template.
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Figure 2: Shows the schematic diagram for screen printing protocol.







3. Screen printing of biosensor

The biosensor design comprised of 3 electrodes – Reference (R – Silver electrode), Working (W – Carbon electrode with Enzyme) and Counter (C – Carbon electrode as blank) electrode using screen printing as shown in Figure 3.
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Figure 3: Screen Printed nitrate reductase Biosensor on to Whatmann filter paper.







Screen printing involved multiple steps. First, Screen print template of the desired biosensor design was made. A layer of silver ink was deposited to define the conducting track and reference electrode on to Whatmann filter paper number 1 (125 mm) using the screen printing template. After it is dried, consecutive layer of carbon ink was placed only at the reaction centre of working and counter electrodes as seen in Figure 3 and allowed to dry. Later, the middle portion of it was laminated using transperancy, leaving the contact pads unlaminated [2][4,8]. Electrochemical measurements were done using Potentiostat Palm Sens (Palm Instruments BV, Netherland).

Preparation of silver chloride electrode

After Reference electrode denoted as R in Figure 3, is completely dried, 5 μl of 0.1 M FeCl3 solution was added and allowed to react for 5–10 minutes and later was wiped off using a cloth or filter paper [2]. This makes silver chloride electrode. This step is necessary because silver chloride reference electrode serves better than silver coating alone during potentiostatic analysis [1]

Determination of conductance of the biosensor

It was done using a multimeter. The conductivity of Reference, Working and Counter electrode was checked [5] in Figure 4.
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Figure 4: Conductivity test for Biosensors.







Pre-treatment of electrodes

The potential of + 2V (versus Reference Electrode) for 3 minutes was applied by dipping the electrodes in 5 ml of 0.25 M acetate buffer, containing 10 mM KCl (pH 4.8–5), stirring it continuously. Potential was applied using power pack [5,9-12].

Immobilization of enzyme on to the biosensor

5 mM Azure A and 5 mM H2O2 were added in 0.1 M Sodium phosphate buffer pH 6.8, 2 μl of this solution was added on to the working electrode of screen printed biosensor. It was air dried. Successively, the enzymatic membrane was prepared directly by dropping 5 μl of mixture of BSA (0.1 mg/μl): glutaraldehyde (1%): enzyme (0.2 mg/μl) in the ratio 20:10:5 on working electrode. SPE was stored at 28°C for 1 hr and then successively at 4°C overnight [2][4].

Sample processing for nitrate detection

Water samples are directly subjected to the biosensor for nitrate analysis. For soil samples: 0.1 g of soil was mixed with 10 ml D/W, it was vortexed, kept aside for the particles to settle down. The supernatant was taken and used as the soil sample. These were used for both potentiostatic analysis and conventional enzyme assay.

Potentiostatic analysis

The reaction centre of Screen printed electrodes was dipped in nitrate standards at different concentrations, soil sample and in laboratory D/W respectively. The current corresponding to the reduction of azure A and H2O2 at -600mV was measured by potentiostat as shown in Figure 5 [1][2]. Measured current was analysed using Prim chem software installed on to the connecting computer. The current is generated due to the electrons released as a result of reduction of nitrate by nitrate reductase enzyme.
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Figure 5a: Potentiostat.
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Figure 5b: Setup of biosensor for potentiostatic analysis.
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Figure 5c: Representive graph generated by Primchem Software analysing amount of current produced.







Thus, the current corresponds to the amount of nitrate in the respective solution. Hence the amount of nitrate in the given soil sample and laboratory D/W can be calculated by comparing it with standard nitrate solutions. The software measures the current produced in μA [10]. Conventional colorimetric enzyme assay

0.5ml each of varying concentrations of potassium nitrate solution ranging from 10 ppm to 100 ppm was mixed with 0.5ml of Nitrate reductase enzyme (specific activity – 75 units/mg) and allowed to react for 10 minutes at room temperature. Later, 0.5 ml of 1% w/v sulphanilamide in 25% HCl and 0.5 ml of NEED solution was added. After 10 minutes, it was read at 540 nm. Soil and water samples were used to determine the level of nitrate in it [6].

Results and Discussion

Potentiostatic analysis using biosensor for nitrate detection

The current corresponding to the reduction of H2O2 is ideally measured at -800 mV and Azure A at -400 mV by potentiostat. But, since both Azure A and H2O2 were used in immobilization of enzyme onto the biosensor, the current for nitrate reductase biosensor was measured at -600 mV for 30 seconds. With the help of Prim chem software, the current generated as a result of reaction between nitrate and nitrate reductase enzyme is measured. It measures the current in μA within the period of 30 seconds and provides the output current which is considered for analysis as shown in Tables 1 and 2.


	Standard Nitrate Solution (ppm)	Current Generated Through Potentiostat (µa)
	10	0.00
	20	-59.28
	40	-9.473
	60	-5.566
	80	-3.086
	100	-2.930
	Soil sample	-8.203
	Lab D/W	-9.863




Table 1: Output of the Data generated through Prim Chem. Software.


	Sample tested for presence of nitrate	Amount of nitrate detected in the sample (ppm) 

By Potentiostatic method (biosensor)	Amount of nitrate detected in the sample (ppm) 

by
Conventional
method (enzyme assay)
	Soil sample	49.75	50
	Laboratory D/W	28.5	24




Table 2: Comparison of the Conventional Method and the Potentiostatic Method.

The current generation has negative values indicating reduction taking place at biosensor reaction centre with release of electrons. Taking the negative scale into consideration, as the concentration of nitrate increases, more current will be generated which will be proportional to the concentration of nitrite formed. Hence, as the concentration of nitrate is increased from 10 to 100 ppm, progressively more current is being detected from -59.28 μA to – 9.863 μA (on the negative scale, bigger number indicates less value). On comparison of nitrate concentration in the samples with the standard nitrate solutions, it was found that the laboratory water sample and soil sample contain 28.5 ppm and 49.75 ppm of nitrate respectively [1].

Comparison between the conventional method (enzyme assay) and potentiostatic method for determination of nitrate content in different samples

The amount of nitrate present in the soil sample and laboratory D/W was detected by both conventional and potentiometric method. It was seen that the results obtained by both these methods are similar. So, the new biosensor designed is almost accurate to the conventional method [1].

However, the biosensor designed has many advantages than the conventional method:

1. The time taken for nitrate detection by the biosensor is only 30 seconds whereas the conventional technique requires certain time for performing the Assay for nitrate detection. So, the biosensor prepared helps in rapid analysis of nitrates in the sample.

2. About 5 μl of reagents are required for potentiometric detection method rather than the conventional method which utilizes about 2 ml of reagents for detection of single sample, making it economical.

3. More glassware is used while performing the conventional method. However, for potentiometric detection no glassware is required.

4. All these factors reduce the cost of detection of nitrate in the samples using biosensors [1].

Conclusion

In this study, an amperometic NR biosensor was developed in order to investigate the concentration of nitrate in the environmental samples which was accurate in comparison with the conventional colorimetric assay. Thus, it can be said that the biosensor is sensitive, accurate, cheap and time saving method assessing nitrate levels in just 30 seconds and can be used as an alternative method for routine analysis of nitrate in environmental samples.

The field of biosensors has endless application and hence it is an emerging field where research and development should take place for cost effective and fast analysis of various components.

This research is just the beginning for development of biosensors and it will help in globalization of the methods available for testing of various components which may be expensive, time consuming and laborious.
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