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Cyclic Voltammetry of Cucumber Ascorbate Oxidase
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Direct electrochemistry of cucumber ascorbate oxidase at Au
electrodes modified with various promoters gave redox waves
originating from the type 1 copper.

Blue copper proteins, which have only the type 1 copper in
relatively small sized protein molecules of ca. 10 kD to 20 kD,
have been electrochemically studied in detail."* However, copper
proteins belonging to the different groups of copper proteins have
been the unexploited targets of electrochemistry. Here we report
the cyclic voltammetry of cucumber ascorbate oxidase whose
molecular weight is 140 kD per dimer. Ascorbate oxidase
contains three types of coppers, the type 1 copper (blue copper),
the type 2 copper (non-blue copper), and a pair of type 3 coppers
(ESR non-detectable coppers) in its active site.

The cyclic voltammogram of ascorbate oxidase (Figure 1a) at
a Au electrode modified with bis(4-pyridyl) disulfide’ gave the
cathodic peak at 338 mV and the anodic peak at 400 mV. The
formal potential was 369 mV against standard hydrogen electrode
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Figure 1. Cyclic voltammograms of ascorbate oxidase at Au
electrodes modified with bis(4-pyridyl) disulfide (a) and 3,3’-
dithiodipropionic acid (b). Measurement conditions: ~Protein
concentration, 6.5 x 10° mol dm™; Buffer solution, 0.2 mol dm™?
potassium phosphate (pH 6.0); Sweep rate, 1 mV s’
Temperature, 25 °C.

(SHE), being identical with the redox potential of the type 1
copper determined by the potentiometric titration.® Therefore,
although we don’t have the direct evidence, it is most appropriate
that the redox waves came from the type 1 copper. While the

'other types of coppers are supposed to have the similar redox

potentials, they are much more deeply buried inside the protein
molecule as compared to the type 1 copper according to the crystal
structure.” It is apparent that the observed redox waves were not
derived from a Cu ion eliminated from the active site because we
obtained the same voltammogram even after treating the enzyme
with a cation exchange resin, Chelex 100 (Bio Rad). Since one
of imidazole ligands to the type 1 copper is at the bottom of the
cavity to accommodate ascorbate,* the distance between the type 1
copper and the exterior of the protein molecule is considerably
longer than that of blue copper proteins. The anodic wave is
supposed to be produced by the back electron transfer from the
trinuclear center to the type 1 copper site.

The heterogeneous rate for the one electron transfer process
is estimated to be 8 x 10” cms™ from the peak separation, AEp of
62 mV according to the Nicholson’s method.® The rate is as rapid
as to be comparable to that of the blue copper proteins.’

When a Au electrode was modified with cationic bis(2-
aminoethyl) disulfide, anionic 3,3’-dithiodipropionic acid (Figure
1b) and hydrophobic diphenyl disulfide,” the formal potentials
were 356 mV, 345 mV, and 323 mV, respectively. The
decreases of the redox potential would have been brought about
by the strong interaction between the protein molecule and
promoters which led to the slight modification on the protein
structure. Further, the anodic peak current was slightly stronger
than the cathodic current as shown in Figure 1b. This might have
taken place because the trinucelar center composed of the type 2
copper and a pair of type 3 coppers is partly reduced in the resting
form.!! However, since the similar voltammogaram was obtained
in the second sweep, an unknown electron transfer process might
take place together with the electron transfer between the type 1
copper and the Au electrode. Differing from the direct
electrochemistry of blue copper proteins,™ a glassy carbon
electrode could not promote the redox waves.

The present results not only extend the limit of
electrochemistry for macromolecules but also give a clue in
studying the electron transfer process of multicopper oxidase.
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