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Supplementary Fig. S1 | Exemplary current and acetate consumptions in duplicated BESs. 

Current generation with 600 mV of voltage application in BESs (reactor A for panel A, and reactor 
B for panel B) is shown as red or black lines. Acetate concentration was shown as blue filled 
circles. Anode potential trend (green line) is only shown for phase B-V of reactor B, and star 
indicates potential step voltammetry in the phase.  
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Supplementary Fig. S2 | Exemplary methane production with current consumption in dupli-
cate BESs. 

Current generation with 600 mV of voltage application in BESs (reactor A for panel A, and reactor 
B for panel B) is shown as red or black lines. Methane concentration (% v/v) was shown as blue 
lines (blue dashed line in panel B indicates estimated line, if all gas in the gas line was removed). 
Filled blue arrows indicate produced gas measurement from the gas pack, and the gas amounts  are 
described above the arrows. Open arrowheads indicate exchange of formation water in the BESs. 
Stars indicate step voltammetry. 
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Supplementary Fig. S3 | Relationship between amounts of current and treatment time in 
the repeated batch cycles in the electromethanogenic BESs. 

Treatment time under different current consumption is plotted in duplicate BESs (reactor A for 
Panel A, reactor B for Panel B). Operational phases are marked as different colors (upper right 
boxes). Trend line for reactor a is shown by black line, while trend line for reactor B (from 
phase II to phase V) is shown by dashed black line.  Approximation formula and coefficient of 
determination are shown near lines.
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Supplementary Fig. S4 | Electrode-associated EET-active biofilms on the electrogenic anode 
and electromethanogenic cathode within the duplicate single-chambered BES bioreactors.
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Supplementary Fig. S5 | Weighted canonical correspondence analysis (wCCA) diagram 
correlating microbial families and the environmental factors for all communities.

A wCCA diagram shows relationships between operational variables (red arrows) and dominant 
microbial families (filled bubbles) in both BES reactors. The bubble colors indicate families that 
described in Figure 3. Family names of the taxa are depicted near bubbles, and the names of four 
abundant taxa are colored as pink (Deltaproteobacteria), blue (Gammaproteobacteria), brown (Alp-
haproteobacteria) and green (Euryarchaeota). Bubble sizes indicate sum of relative frequencies 
(%) within the total 30 microbial community analyses of formation waters and both BES reactors 
(maximum 3,000%). Gray open circles indicate samples for microbial community analyses. 
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Supplementary Fig. S6 | Weighted canonical correspondence analysis (wCCA) diagram 
correlating abundant OTUs and the environmental factors.

A wCCA diagram shows relationships between operational variables (red arrows) and abundant 
OTUs (filled bubbles) in BES reactors. OTU names are depicted near bubbles. The bubble colors 
and the OTU names of four abundant taxa are colored as red (Deltaproteobacteria), blue (Gam-
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indicate sum of relative frequencies (%) within the 30 microbial community analyses (maximum 
3,000%). Gray open circles indicate samples for microbial community analyses. 
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Supplementary Fig. S7 | Cross sectioning of anode and cathode biofilms in the electrometha-
nogenic BES reactor A by using a focused ion beam (FIB). 

Anode (panel AB) and cathode (panel CD) samples were collected from BES reactor A after 
19-month enrichment process. Yellow rectangle in panel A shows a region digging the anode 
biofilm by using FIB, while yellow line in panel B shows representative location digging the 
cathode biofilm by using FIB. Bars =50 μm.
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Supplementary Fig. S8 | Cross sectioning of anode and cathode biofilms in the electrometha-
nogenic BES reactor B by using a focused ion beam (FIB). 

Anode (panel A-C) and cathode (panel DE) samples were collected from BES reactor B after 
19-month enrichment process. Yellow rectangles in panel A and D show regions digging the 
biofilms by using FIB. Panel C shows thickness of the anode biofilm (white rectangle region in 
panel B). Bars (A, B, D, E) =50 μm. Bars (C) = 5 μm.
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