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A biosensor is a device designed to detect specific chemical species utilizing biomolecules for specific recognition.  Biosensors often use signal analysis to identify a particular substance.  The goal of this study is to create a biosensor that can detect the presence of peanuts by identifying peanut proteins within a sample.  In particular, the protein Ara h 1 and its corresponding antibody will be utilized to detect the presence of peanut.  This biosensor will detect peanut protein using electrochemical impedance spectroscopy (EIS).


Electrochemical impedance spectroscopy involves applying an AC probe voltage to an electrochemical system and measuring the current response.  By fitting an equivalent circuit to the electrochemical reaction, the components of the circuit can be determined using EIS [1].  One such model of an electrochemical system is the Randles circuit.  In a Randles circuit a resistor is in series with a parallel combination of a capacitor and another resistor, as seen below:
[image: image1.emf]
Figure 1: A Randles Circuit [1]

Impedance data can be analyzed to determine the components of the Randles circuit.  By graphing the imaginary (out of phase) versus the real (in phase) impedance values, a Nyquist plot can be generated.  Through understanding of the Nyquist plot, information can be learned about the electrochemical system.
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For the Randles circuit, the following Nyquist plot is formed:
[image: image2.emf]
Figure 2: A Nyquist Plot [1]

The semicircular shape is formed under ideal conditions for the Randles circuit.  The diameter of the circle, which corresponds to the charge transfer resistance (Rct), is most useful for biosensing.  


Impedance measurements are performed with a three-electrode system, including a working electrode, a counter electrode, and a reference electrode.  The working electrode is gold coated on a glass slide, the counter electrode is a platinum coil, and the reference electrode is a saturated calomel electrode (SCE).  All three electrodes are connected to a common potentiostat that controls the impedance measurements and immersed into a conducting solution containing K3Fe(CN)6/K4Fe(CN)6.  The working electrode is the active element of the biosensor and is modified to detect the species of interest.  By first adding a monolayer of 11-mercaptoundecanoic acid (MUA), and then activating the layer with EDC/NHSS, proteins can be immobilized onto the electrode [2].  Following peanut protein immobilization, antibodies specific to this protein can be added to the conducting solution and immobilized. 

In order to observe changes in the biosensor due to protein, the charge-transfer resistance is monitored.  At each stage of modification of the Au working electrode, an AC sweep can be performed and the impedance monitored.  Notably, the addition of proteins causes an increase in the charge-transfer resistance of the electrochemical system.  Then, if antibodies were to interact with the protein, a further increase could be observed, thus indicating, through the specificity of the system, the presence of the corresponding peanut protein.  Current results indicate that the process for immobilizing the protein Ara h 1 is working.  By analyzing the impedance after the addition of protein, an increase in charge-transfer resistance is observed, indicating that additional protein is adsorbed onto the working electrode.  Further tests to determine the interaction of antibodies are ongoing.  It is this testing that will determine the usefulness of this method in a biosensor application.


The development of a peanut biosensor holds great importance for those with food allergies.  A significant number of Americans suffer from food allergies, and peanut allergies are among the most common [3].  Furthermore, the protein Ara h 1 has been cited as one of the leading causes of peanut allergies [4].  By sensing the allergen before any adverse reaction can occur, those with peanut allergies can avoid the deadly symptoms of an allergic reaction [5].
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