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Study of electrochemical analysis for proteins via ECE reaction of SAR

Nakayama, Tatsushi

3,200,000

ESR
proton-coupled electron transfer

We observed the homogeneous-oxidation of some proteins by electrogenerated
superoxide radical anion, using non-aqueous electrochemical measurements and quantum chemical
calculations. Analysis of the current-voltage curve obtained by electrochemical measurement revealed

that not only the oxidation of the protein surface but also the complexity inside the
three-dimensional structure and the state of hydration greatly affects the reaction current value.
In the results, it was observed that the sulfur-containing protein showed a characteristic ESR
spectrum, demonstrating that the two mechanisms, the radical adduct formation and the proton-coupled
electron transfer between sulfur element and superoxide, may be the cause of the collapse of the
three-dimensional protein structure.
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Fig.2. (a) CVs of 02/02'-, (b) schemes of an optically transparent thin layer electrochemical
(OTTLE) cell for in-situ UV-vis spectrometry, and (c) in-situ electrolytic ESR cell.
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Fig.3. CD spectra of oxidized proteins by electrogenerated Oz~ in water-ACN (9:1) solution
containing 0.1mol dm=3 TEAP. Oz"~ were pregenerated with 1-electron reduction of Oz in ACN
containing electrolyte and added to protein-water solutions (water 550 mmol dm-3); the net
concentrations are a) hen egg-white lysozyme (LYZ): 0.4 mg/ml, b) bovine serum albumin
(BSA): 1.5 mg/ml, and c) cytochrome C (CYT): 1.0 mg/ml, respectively.
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Fig.4. CVs of Oz in DMF containing 0.1mol dm-3 TEAP recorded at a scan rate of 100 mVs
in the presence of 10 % w/w protein-water solution (water 550 mmol dm=3); the net
concentrations are a) hen egg-white lysozyme (LYZ); 0.4 mg/ml, b) bovine serum albumin
(BSA); 1.5 mg/ml, and c) cytochrome C (CYT); 1.0 mg/ml.
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Fig.5. Electrochemical mechanism for O2/O2"- in the presence of (a) 1,4-benzentiol and
(b) benzentiol in DMF. 1One-electron reduction of O2/O2°-; 2the first proton transfer from
the acidic substrate to O2—; 3one-electron reduction of HO2'/HO2~; 4electron transfer from
substrate anion to HO2"; Sthe second proton transfer to HO>.
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