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Introduction: L-glutamate (Glut) is an important excitatory neurotransmitter in the central nervous system (CNS), involved in 
normal cerebral functions, but also in many diseases such as Parkinson’s disease, amyotrophic lateral sclerosis and Alzheimer’s 
disease. For these reasons, it has become very important to measure in-vivo glutamate concentrations and its variations in 
real-time. Recently, amperometric biosensors have claimed particular attention because of their high sensitivity, low response 
time and low costs. These devices exploit the ability of an enzyme to specifically bind the studied analyte and to generate some 
electroactive compounds, converting a biological signal into a measurable electrical signal. One of the challenges in biosensing 
is the real-time glutamate determination in CNS in the presence of high levels of electrochemical interferents, such as ascorbic 
acid (AA). The present study aimed to develop and characterize a new glutamate biosensor design that exploits the selectivity 
of Glutamate Oxidase (GlutOx) for L-glutamate and the capability of a small molecule as propylene glycol (PG), never used 
before, to influence and extend the stability and the activity of enzyme.

Materials and methods: For all experiments, a three-electrode cell was used consisting of a beaker holding 20 ml of fresh PBS, 
four glutamate biosensors as working electrodes, an Ag/AgCl electrode and a stainless-steel needle as auxiliary electrode. A 
four-channel potentiostat was utilized for all electrochemical procedures. Different biosensor designs were developed, all based 
on a cylindrical geometry (1mm length and 125μm diameter) and on the electrodeposition of a PPD polymer. In D1, after the 
loading of GlutOx, the biosensor was dipped once in PG 0.1%. In D2, before the enzyme loading, the electrode was dipped 
twice in a PEI 1% solution and then PG 0.1% was layered. D3differed from D2only for the crosslinking agent, the Poly-(ethylene 
glycol) diglycidyl ether (PEDGE) 0.1% instead of PG. The day after manufacture, a full glutamate calibration, ranging between 
0 and 100 mM, was carried out in fresh PBS by adding known volumes of Glut stock solutions (1M and 10 mM). On same day, 
an AA calibration, ranging from 0 to 1000 μM, was performed to assess the shielding from interfering compounds. All designs 
were subjected to the same calibrations’ protocol on Day 7, and for some of them, also at Day 10, 15and 21for evaluating 
biosensor ageing.

Results: The different designs were compared in terms of kinetic and analytical parameters. The D1design produced the 
worst performances, showing the lowest VMAX (52.71±1.70 nA) and LRS (0.030±0.001nA/μM) and the highest KM 
(1275.02±163.81μM), worsening on Day 7. Conversely, D2and D3designs displayed interesting features in terms of VMAX 
(335.91±5.03nA and 409.73±5.58nA, respectively) and LRS (0.318±0.011nA/μM and 0.352± 0.014nA/μM, respectively), 
resulting both higher than D1. D3showed no significant variations for both parameters, at Day 7, while D2suffered a significant 
increase in VMAX (392.16±7.73nA) and a significant decrease in LRS (0.288±0.008nA/μM). D2and D3designs were tested for 
ageing, being monitored up to Day 21. D2design resulted the most performing design, showing a LRS surprisingly constant 
up to Day 15.

Discussions and conclusions: The role of PG has been here evaluated. From results, PG helped avoiding the loss of enzyme 
molecules on transducer surface, also preserving substrate specificity, making the proposed biosensor design suitable for short- 
and mid-term implants in animal models.


