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Electrochemical Properties of Electropolymerized Redox Dyes and Their Application
to Tyrosinase-based 2, 4-Dichlorophenol Biosensor

Mitsuyasu KAWAKAMI (Department of Life, Environment and Materials Science)
Yuta OHARA (Functional Materials Engineering, Graduate School of Engineering)
Hidekazu KOYA (Department of Life, Environment and Materials Science)
Kei AMADA (Department of Life, Environment and Materials Science)

ABSTRACT

Three redox dyes, Neutral Red (NR), Brilliant Cresyl Blue (BCB), and Toluidine Blue (TB), which have
similar substituents on phenazine, phenoxazine, and phenothiazine ring structures independently, have been
electropolymerized with cyclic voltmmometric technique onto graphite electrodes. These polyazines were
found to show inherent redox activities, while the redox potentials were shifted to the positive potential region
compared with those of the corresponding monomer. Enzyme electrodes constructed with tyrosinase (EC 1.
14.18.1) showed the sensor response against 2, 4-dichlorophenol (2, 4-DCP) employed as a model substrate,
and it was observed that the response current could be increased by introducing a layer of poly (NR) or poly
(BCB) on the surface of graphite electrodes. It is suggested that these redox active polyazine layers act as
electron mediators, though unambiguous evidence has not been obtained by examining the change of cyclic

voltammograms with addition of the substrate.
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Fig. 1 Mechanisms of elctrocatalysis; E: enzyme,
S: substrate, M: mediator.
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Fig. 2 Cyclic voltammograms reflecting the growth of polyazines layer from NR (a), BCB (b), and TB (¢) solutions,
recorded at 0.1V/s in 0.1 M phosphate buffer pH 6.0 containing 0.1M NaNO,(@), and 0.1M borate buffer pH
9.1 (b and c).
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Fig. 3 Comparison of the cyclic voltammograms
observed for electropolymerized NR (—), BCB
(—), and TB (----).

Table 1. Electrochemical properties of electropolymer-
ized NR, BCB, and TB.

monomer polymer

Dye
] Surface coverage

Er V] E0V] EGdV] E; [V] O !
nmol*cm2]

NR  -0.53 -0.43 -0.53 -0.48 5.70
BCB -0.33 -0.18 -0.24 -0.21 4.43
TB -0.31 -0.11 -0.20 -0.16 12.5
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Fig. 4 Current—time relationships for polyazine-
modified tyrosinase electrodes with stepwise
addition of 2, 4-DCP.

Table 2. Sensor response agaist 2, 4-DCP for
polyazine-modified tyrosinase electrodes.

Response current / A

2, 4-DCP
/MM odified  Poly(NR)  Poly (BCB)  Poly (TB)
0.33 0.10 0.13 0.13 0.03
0.67 0.20 0.28 0.31 0.06
1.00 0.33 0.45 0.52 0.09
1.33 0.47 0.62 0.74 0.12
1.67 0.62 0.80 0.95 0.15

r 0.9943 0.9972 0.9940 0.9996
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Fig. 5 Calibration plots for 2, 4-DCP obtained with
unmodified (4), poly (NR) (@), poly (BCB)
(0)), and poly (TB) (49)-modified tyrosinase
electrodes.
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Fig. 6 Change of the cyclic voltammogram for poly
(NR)-modified tyrosinase electrode with addi-
tion of 2, 4-DCP.
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