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The metal reducing bacteria can reduce metal oxides, 

generate electricity, and degrade reducible pollutants via 

extracellular electron transfer (EET). The intrinsic driving 

force for EET is the redox cycling of outer-membrane c-type 

cytochromes (c-Cyts). Although the c-Cyts of metal reducing 

bacteria have been well-recognized as the key enzymes in 

EET processes, little was known about the quantitative 

information of the redox status of c-Cyts under the non-

invasive physiological conditions. The reduced and oxidized 

forms of c-Cyts in a cell suspension of Shewanella oneidensis 

MR-1 were able to be directly recorded on a UV-Vis diffuse-

transmittance spectrometer. Effects of electron donors and 

electron acceptors on the fraction of c-Cyts were examined. 

The electron donors directly determined the c-Cyts reduction, 

while the electron acceptors affected the oxidation of c-Cyts. 

The types of electron donors had a great influence on the c-

Cyts reduction rates, and the order of reduction rates was 

ranked as formate > lactate > sucrose > glucose > citrate > 

lactose. The higher consumption rates of the electron donors, 

the higher reduction rates of c-Cyts. The order of oxidation 

rates of c-Cyts by different electron acceptors was ranked as 

5-HNQ < AQDS < FMN < AQS. The more negative the 

redox potentials of electron acceptors, the higher the 

oxidation rates of the reduced c-Cyts. Therefore, the effects of 

electron donors and electron acceptors on EET can be 

explained from the redox dynamics of c-Cyts. This study 

provides a new approach to directly “see” the redox status of 

outer-membrane proteins under the non-invasive 

physiological conditions, by which the extracellular electron 

transfer mechanism can be revealed from a molecular-level 

view. 
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