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Introduction
The development of biofunctional electrodes for energy generation under green conditions
(neutral pH, room temperature and source of energy) based on Enzymatic biofuel cell (EBFC)
systems, and enzyme-based biosensor for detection of human being analytes for medical interest,
have been intensively investigated. One important aspect for a proper performance is the effective
interaction between the electrode surface and the enzymatic element, providing high sensitivity,
high current density and low on-set potential. In this sense, electron-transfer from the reaction
between the enzymatic element and its substrate towards the electrode is a triggering factor for the
operation of the device. Even though, carbon nanotubes (CNTs) have been considered a promising
material for this kind of application, due to the remarkable chemical stability, biocompatibility,
and catalytic and electronic properties, functionalization with surface species are required to
guarantee a proper immobilization of the element, to reduce the distance or to connect the activecenter with the electrode surface. In this work, electrochemical modification of SWCNTs surface
with N and P functionalities and encapsulation of a model enzyme (soluble glucose dehydrogenase
(GDH) pyrroloquinoline quinone (PQQ)), is carried out in one step to synthesize a bioelectrode
with electrocatalytic activity towards glucose oxidation.
Materials and Methods
Glassy-carbon electrodes were modified by drop-casting with 10 µL of a SWCNTs dispersion
(1 mgmL-1) in DMF. For electrosynthesis by one-step, anodic polarization in a standard threeelectrode cell configuration was performed in a 10 mM 4-(2-hydroxyethyl)-1piperazineethanesulfonic acid (HEPES) Buffer solution (pH=7.0) with 150 mM CaCl2·2H2O +
0.1M KCl + 1 mM 4-APPA + 5 mgmL-1 GDH-s-PQQ, applying different oxidation potentials
(0.97, 1.17 and 1.37 V vs. Ag/AgCl).
Once electrodes are synthesized, electrocatalytic activity is evaluated by chronoamperometry,
applying a steady potential of 0.35 V vs. Ag/AgCl in 0.1M PBS (pH=7.2) solution, under stirring
condition. Aliquots of 0.1M glucose solution were added to the electrochemical cell, obtaining
different concentrations values between 0.005 to 10 mM of glucose.
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of
SWCNTs where formation of different surface redox processes are observed after the first cycle
of electrooxidation. During the cycling, the increase of both the charge of the redox processes and
the double-layer capacitance, suggest the existence of surface process associated with the oxidation
of 4-APPA entrapping the GDH-s-PQQ.
After the electrochemical synthesis, bioelectrodes show the presence of a high reversible redox
process, characteristic of the 2 electron-transfer of the PQQ-redox centre in the holo-enzyme at
-0.11 V vs. Ag/AgCl, confirming the entrapment of the enzyme in the species produced onto the
SWCNT surfaces1. Once, glucose is added in solution, an over oxidation current is observed at
higher potential, as result of the reaction from glucose to gluconolactone catalysed by the GDH-sPQQ (See Fig. 1-b). Interestingly, no damage in the structure of the enzyme is observed, since it
maintains the catalytic activity towards glucose oxidation with low values of apparent MichaelisMenten constant value.
Conclusions
Bioelectrodes based on the entrapment of GDH-s-PQQ in SWCNT modified with N and P species
have been successfully synthesized by a one-step method. The obtained biosensor shows
electrocatalytic activity towards glucose oxidation with good substrate-enzyme interaction.
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