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Chemotrophic microorganisms harvest energy from their 
growth substrates through coupled redox reactions that 
shuttle electrons to terminal electron acceptors. Classic 
aerobic and anaerobic respiratory chains are well studied 
and understood. Select bacteria are able to use insoluble 
metal ions as terminal electron acceptors. The respiration 
style requires a mechanism that effectively promotes 
extra-cellular electron transfer to support cell function and 
growth. One mechanism microbes utilize resembles 
physical wiring where the microbe grows fine conductive 
appendages that appear able to allow electron transfer 
from the cell to the metal ion acceptor1. A second 
approach is the use of soluble mediators such as, 
quinones, phenazines, and riboflavin, which are able to 
shuttle electrons from the cell to the terminal acceptor 2. 
Understanding electrochemistry of extra-cellular electron 
transfer is relevant to predicting environmental 
biogeochemical cycles, as well as in engineering issues 
for biologically initiated corrosion and the development 
of microbial fuel cells. 
 Shewanella oneidensis MR-1 is a gram-negative 
facultative anaerobe that can use manganese and iron 
oxides as terminal electron acceptors. Numerous 
mechanisms appear to be employed by the organism to 
achieve the phenotype, but numerous questions remain 
about the fundamental physiology, genetics, and 
biochemistry relevant to S. oneidensis metal reduction 3. 
The aim of our program is to evaluate and understand the 
behavior of strain MR-1 and its derivatives when used as 
bioelectrocatalysts in microbial fuel cells. The focus in 
the present work is the identification of secreted 
mediators that S. oneidensis synthesizes in response to 
various growth conditions and how the mediators may 
influence strain function in microbial fuel cells. Particular 
attention was made to mediator synthesis at low pH; 
theoretical calculations using standard Nernst equations 
indicate the oxygen reduction reaction potential will shift 
to enhance fuel cell efficiency with decreases in pH.  
 S. oneidensis strain MR-1 and the rifampicin-
resistant mutant, strain DSP-10, were cultivated at various 
pH in complex (LB) and defined mineral media at 25°C 
with gentle agitation (100 rpm). The experiments with 
microbial fuel cells (MFC) used the previously described 
mini-MFC module 4, graphite felt was used as the anode 
material; for the cathode, experiments were done using 
the equivalent graphite felt or graphite felt coated with 
platinum nanoparticles. Fuel cell chambers were 
separated using a gas-permeable polycarbonate 
membrane. Microbes used in MFC tests were obtained 
from stationary phase cultures (96 h post inoculation). 
Electrochemical analysis of culture supernatants was done 
using a glassy carbon working electrode, a gold counter 
electrode and a Ag/AgCl reference electrode. Reverse-
phase HPLC was used to separate and analyze metabolic 
compounds from culture supernatants.  
 MFC power output measurements from the 
various cell preparations revealed that cell density alone 

could not account for differences between the tests. 
Because experiments used planktonic S. oneidensis, extra-
cellular electron transfer could involve both direct 
(contact) and indirect (mediated) mechanisms. The results 
suggest that synthesis and/or excretion of soluble 
mediators influences electron transfer and in turn, power 
density. Results from analysis of culture supernatants 
from media at various pH using cyclic voltammetry (Fig. 
1), UV-visible spectroscopy and HPLC was consistent 
with the hypothesis that differential secretion of redox 
active compounds occurs in the pH range tested. Cyclic 
voltammetry confirmed the presence of redox active 
compounds in culture filtrates (Fig. 1). Media collected 
from both strains indicated an anodic peak at -650 mV 
and cathodic peak at -590 mV. The shift of the redox 
waves for the DSP10 strain filtrate at pH 5 compared to 
pH 7 (Fig 1B) are indicative of the changed mediator 
concentration and corresponding inability to catalyze the 
oxidation of the LB broth. 

Figure 1.  Cyclic voltammetry of 
culture filtrates from S. oneidensis
MR-1  or S. oneidensis DSP10 
after 4 days incubation in minimal 
media at pH 7 (A) or in LB at pH 5 
(B) or pH 7 (C).  

Figure 1.  Cyclic voltammetry of 
culture filtrates from S. oneidensis
MR-1  or S. oneidensis DSP10 
after 4 days incubation in minimal 
media at pH 7 (A) or in LB at pH 5 
(B) or pH 7 (C).  

 
 The differential signal was corroborated in 
HPLC analysis of the culture filtrates. A single compound 
was observed in culture filtrates that showed a changed 
concentration dependent on medium pH. The excreted 
compound co-elutes with riboflavin and shares significant 
identity with the riboflavin UV-vis spectrum (Fig 2). The 
preliminary results show some insight to differential 
secretion of redox mediators by S. oneidensis. Further 
experiments will define identity of the putative mediator 
and confirm whether it is the sole redox active molecule 
under the experimental conditions. The insight may 
promote optimal current and power output of MFC. 
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Figure 2. UV-vis spectrum of  putative redox active species 
from S. oneidensis culture (solid line) and UV-vis spectrum of 
riboflavin (red, dashed line).  
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