[image: Image result for light bulb]or    Power
        added

e–



Bacteria
Archaea
Eukarya
Mediators
Catalysts/Binders



OH–
H+












Cathode

Separator
Anode



Figure 1: Microbial fuel cells and other types of microbial electrochemical technologies contain microorganisms on the anode, cathode, or both electrodes, and single-chamber systems do not contain a separator. Two-chamber systems contain a separator to better isolate the microorganisms or chemicals within only one of the two chambers. The separator can be made out of cloth, size selective membranes, ion exchange membranes, or stacks of membranes (to produce power, for example from salinity gradients).  Certain exoelectrogenic microorganisms from all three domains of life can produce current on the anode, while only Bacteria and Archaea have been found to function as electrotrophs on the cathode. The electrodes can be treated with catalysts or binders to enhance electron transfer or interactions of microorganisms with electrodes. Mediators can be present that shuttle electrons, but only mediators produced by the microorganisms are usually of interest in these systems.
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Figure   2. Molecular Phylogenetic analysis of 16S ribosomal RNA gene sequences by Maximum Likelihood method for selected (A) exoelectrogenic and (B) electrotrophic communities. The outer circle classifies the species based on kingdom, while the inner circles show the phylum-level classification for groups of two or more species. The percentage of trees (≥70%) in which the associated taxa clustered together is shown next to the branch nodes based on 1000 tree iterations. (Methods are in the Supporting Information.)
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Figure 3. Exemplary power densities for pure (blue = bacteria, purple = eukarya, green = archaea) and mixed cultures (gray) of microorganisms on the anode. Microorganism names with an asterisk indicate yeast extract or tryptone was used in tests. Mixed culture tests indicate the cathode type (2CA = two chamber, with dissolved oxygen cathode; 1CA = single chamber, air cathode). For some microorganisms, more than one power density is shown to demonstrate the wide range of power densities reported for some of these microorganisms. (References in the supporting information).
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Figure 4: Cathodic current densities (bars) and applied potentials (diamonds) of pure cultures on the cathode in MES (blue) for producing organic chemicals such as acetate or ethanol, or in MECs that primarily produce methane (green). The red asterisk indicates the presence of yeast extract in the medium. (References in the supporting information).
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Figure 5. Postulated methods of direct interspecies electron transfer (DIET) between microorganisms. (A) Electron transfer facilitated by conductive pili (dark red lines) containing cytochromes (red circles) or by direct contact between microorganisms, for example between two Geobacter species1,2. (B) Small conductive particles such as magnetite (black circles) can also facilitate electron transfer, likely by functioning in a similar way to the cytochromes on the conductive pili; it is not clear whether chains of magnetite particles can facilitate electron transfer in the absence of the pili.3,4 (C) Conductive particles larger than the cells, such as activated carbon (large gray sphere), have been indicated to facilitate electron transfer between microorganisms that are not in direct contact. Only contact with outer membrane cytochromes is thought to be needed.4,5
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