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Supplementary Box 1. Methods for Figure 2. 
The evolutionary history was inferred by using the Maximum Likelihood method based on the Jukes-
Cantor model [1]. The tree with the highest log likelihood (-23697.65) is shown. Initial tree(s) for the 
heuristic search were obtained automatically by applying Neighbor-Join and BioNJ algorithms to a matrix 
of pairwise distances estimated using the Maximum Composite Likelihood (MCL) approach, and then 
selecting the topology with superior log likelihood value.  Bootstrap support values (≥70%) are given, 
based on 1000 tree iterations. The analysis involved 62 nucleotide sequences. All positions with less 
than 95% site coverage were eliminated. That is, fewer than 5% alignment gaps, missing data, and 
ambiguous bases were allowed at any position. There were a total of 1242 positions in the final dataset. 
Evolutionary analyses were conducted in MEGA7 [2]. Sequences were retrieved from the NCBI database 
and aligned with MUSCLE [3] using the Neighbor-Joining clustering method, with -400 gap open penalty 
and a maximum of 8 iterations. 
The methods for Figure 2B are the same as those for 2A, except as noted. The tree with the highest log 
likelihood (-18306.95) is shown. The analysis involved 39 nucleotide sequences. There were a total of 
1177 positions in the final dataset.  
 
References 
1.  Jukes T.H. and Cantor C.R. Evolution of protein molecules. In Munro HN, editor, Mammalian 

Protein Metabolism, pp. 21-132, Academic Press, New York (1996). 
2.  Kumar S., Stecher G., and Tamura K. (2016). MEGA7: Molecular Evolutionary Genetics Analysis 

version 7.0 for bigger datasets. Molec. Biol. Evolut. 33, 1870-1874. 
3.  Edgar, R. C. MUSCLE: multiple sequence alignment with high accuracy and high throughput. 

Nucleic Acids Research. 32, 1792-1797 (2004). 
 
 
Supplementary Box 2. Microorganisms in Figure 3. 
The red color indicates yeast extract was used in the medium. 
Notation: 2CA= Two chamber MFC; 1CA=1 chamber MFC. 
 
Acetobacter aceti1 
Arcobacter butzleri2 
Bacillus subtilis3,4 
Clostridium butyricum5 
Corynebacterium strain MFC036 
Enterobacter aerogenes7 
Enterobacter cloacae8 
Enterobacter cloacae9 
Escherichia coli W311010 
Escherichia coli BL2111 
Escherichia coli DH5α12 
Geobacter sulfurreducens PCA13 
Geobacter sulfurreducens PCA14 
Geobacter sulfurreducens KN40015 
Gluconobacter roseus1 
Klebsiella pneumoniae16 



Lysinibacillus sphaericus D-817 
Lysinibacillus sphaericus VA518 
Ochrobactrum anthropi19 
Proteus vulgaris20 
Pseudomonas aeruginosa KRP121 
Pseudomonas aeruginosa22 
Rhodoferax ferrireducens23 
Rhodopseudomonas palustris DX124 
Shewanella oneindensis MR-125 
Shewanella oneindensis MR-126 
Shewanella putrefacians27 
Tolumonas osonensis28 
Candida melibiosica29 
Saccharomyces cerevisae30 
Haloferax volcanii31 
Natrialba magadii31 
Pyrococcus furiosus32 
Mixed culture (2CA)33 
Mixed culture (1CA)34 
Mixed culture (1CA)35 
 
1. Karthikeyan, R., Sathish Kumar, K., Murugesan, M., Sheela, B. & Yegnaraman, V. 

Bioelectrocatalysis of acetobacter aceti and Gluconobacter roseus for current generation. 
Environ. Sci. Technol. 43, 8684–8689 (2009). 

2. Fedorovich, V. et al. Novel electrochemically active bacterium phylogenetically related to 
Arcobacter butzleri, isolated from a microbial fuel cell. Appl. Environ. Microbiol. 75, 7326–7334 
(2009). 

3. Nimje, V. R. et al. Stable and high energy generation by a strain of Bacillus subtilis in a microbial 
fuel cell. J. Power Sources 190, 258–263 (2009). 

4. Nimje, V. R. et al. Corrigendum to ‘Stable and high energy generation by a strain of Bacillus 
subtilis in a microbial fuel cell’ [J. Power Sources 190 (2) (2009) 258-263] 
(DOI:10.1016/j.jpowsour.2009.01.019). J. Power Sources 195, 5427–5428 (2010). 

5. Park, H. S. et al. A novel electrochemically active and Fe ( III ) -reducing bacterium 
phylogenetically related to Clostridium butyricum isolated from a microbial fuel cell. Anaerobe 7, 
297–306 (2001). 

6. Liu, M. et al. Bioelectricity generation by a Gram-positive Corynebacterium sp. strain MFC03 
under alkaline condition in microbial fuel cells. Bioresour. Technol. 101, 1807–1811 (2010). 

7. Zhuang, L. et al. Development of Enterobacter aerogenes fuel cells: From in situ biohydrogen 
oxidization to direct electroactive biofilm. Bioresour. Technol. 102, 284–289 (2011). 

8. Rezaei, F. et al. Simultaneous cellulose degradation and electricity production by Enterobacter 
cloacae in a microbial fuel cell. Appl. Environ. Microbiol. 75, 3673–3678 (2009). 

9. Nimje, V. R. et al. Microbial fuel cell of Enterobacter cloacae: Effect of anodic pH 
microenvironment on current, power density, internal resistance and electrochemical losses. Int. 
J. Hydrogen Energy 36, 11093–11101 (2011). 

10. Reiche, A. & Kirkwood, K. M. Comparison of Escherichia coli and anaerobic consortia derived 
from compost as anodic biocatalysts in a glycerol-oxidizing microbial fuel cell. Bioresour. Technol. 
123, 318–323 (2012). 

11. Nandy, A., Kumar, V. & Kundu, P. P. Effect of electric impulse for improved energy generation in 



mediatorless dual chamber microbial fuel cell through electroevolution of Escherichia coli. 
Biosens. Bioelectron. 79, 796–801 (2016). 

12. Li, H. et al. Power output of microbial fuel cell emphasizing interaction of anodic binder with 
bacteria. J. Power Sources 379, 115–122 (2018). 

13. Bond, D. R. & Lovley, D. R. Electricity production by Geobacter sulfurreducens attached to 
electrodes. Appl. Environ. Microbiol. 69, 1548–1555 (2003). 

14. Wei, J., Liang, P., Cao, X. & Huang, X. A new insight into potential regulation on growth and 
power generation of Geobacter sulfurreducens in microbial fuel cells based on energy viewpoint. 
Environ. Sci. Technol. 44, 3187–91 (2010). 

15. Yi, H. et al. Selection of a variant of Geobacter sulfurreducens with enhanced capacity for current 
production in microbial fuel cells. Biosens. Bioelectron. 24, 3498–3503 (2009). 

16. Zhang, L. et al. Microbial fuel cell based on Klebsiella pneumoniae biofilm. Electrochem. commun. 
10, 1641–1643 (2008). 

17. He, H. et al. Characterization of a new electrochemically active bacterium, Lysinibacillus 
sphaericus D-8, isolated with a WO3 nanocluster probe. Process Biochem. 49, 290–294 (2014). 

18. Nandy, A., Kumar, V. & Kundu, P. P. Utilization of proteinaceous materials for power generation 
in a mediatorless microbial fuel cell by a new electrogenic bacteria Lysinibacillus sphaericus VA5. 
Enzyme Microb. Technol. 53, 339–344 (2013). 

19. Zuo, Y., Xing, D., Regan, J. M. & Logan, B. E. Isolation of the exoelectrogenic bacterium 
Ochrobactrum anthropi YZ-1 by using a U-tube microbial fuel cell. Appl. Environ. Microbiol. 74, 
3130–3137 (2008). 

20. Yuan, Y., Ahmed, J., Zhou, L., Zhao, B. & Kim, S. Carbon nanoparticles-assisted mediator-less 
microbial fuel cells using Proteus vulgaris. Biosens. Bioelectron. 27, 106–112 (2011). 

21. Rabaey, K., Boon, N., Höfte, M. & Verstraete, W. Microbial phenazine production enhances 
electron transfer in biofuel cells. Environ. Sci. Technol. 39, 3401–3408 (2005). 

22. Liu, J. et al. Graphene/carbon cloth anode for high-performance mediatorless microbial fuel cells. 
Bioresour. Technol. 114, 275–280 (2012). 

23. Chaudhuri, S. K. & Lovley, D. R. Electricity generation by direct oxidation of glucose in 
mediatorless microbial fuel cells. Nat. Biotechnol. 21, 1229–1232 (2003). 

24. Xing, D., Zuo, Y., Cheng, S., Regan, J. M. & Logan, B. E. Electricity generation by 
Rhodopseudomonas palustris DX-1. Environ. Sci. Technol. 42, 4146–4151 (2008). 

25. Bretschger, O. et al. Current production and metal oxide reduction by Shewanella oneidensis MR-
1 wild type and mutants. Appl. Environ. Microbiol. 73, 7003–7012 (2007). 

26. Ringeisen, B. R. et al. High power density from a miniature microbial fuel cell using Shewanella 
oneidensis DSP10. Environ. Sci. Technol. 40, 2629–2634 (2006). 

27. Yang, L. et al. Boosting current generation in microbial fuel cells by an order of magnitude by 
coating an ionic liquid polymer on carbon anodes. Biosens. Bioelectron. 91, 644–649 (2017). 

28. Luo, J. et al. A new electrochemically active bacterium phylogenetically related to Tolumonas 
osonensis and power performance in MFCs. Bioresour. Technol. 139, 141–148 (2013). 

29. Hubenova, Y. et al. Improvement of yeast− biofuel cell output by electrode modifications. Ind. 
Eng. Chem. Res. Res. 50, 557–564 (2010). 

30. Raghavulu, S. V., Goud, R. K., Sarma, P. N. & Mohan, S. V. Saccharomyces cerevisiae as anodic 
biocatalyst for power generation in biofuel cell: Influence of redox condition and substrate load. 
Bioresour. Technol. 102, 2751–2757 (2011). 

31. Abrevaya, X. C., Sacco, N., Mauas, P. J. D. & Cortón, E. Archaea-based microbial fuel cell operating 
at high ionic strength conditions. Extremophiles 15, 633–642 (2011). 

32. Sekar, N., Wu, C. H., Adams, M. W. W. & Ramasamy, R. P. Electricity generation by Pyrococcus 
furiosus in microbial fuel cells operated at 90°C. Biotechnol. Bioeng. 114, 1419–1427 (2017). 



33. Oh, S. E. & Logan, B. E. Proton exchange membrane and electrode surface areas as factors that 
affect power generation in microbial fuel cells. Appl. Microbiol. Biotechnol. 70, 162–169 (2006). 

34. Yang, W., Kim, K. Y., Saikaly, P. E. & Logan, B. E. The impact of new cathode materials relative to 
baseline performance of microbial fuel cells all with the same architecture and solution 
chemistry. Energy Environ. Sci. 10, 1025–1033 (2017). 

35. Yang, W. & Logan, B. E. Immobilization of a metal-nitrogen-carbon catalyst on activated carbon 
with enhanced cathode performance in microbial fuel cells. ChemSusChem 9, 2226–2232 (2016). 

 

Supplementary Box 3. Microorganisms in Figure 4. 
The red color indicates yeast extract was used in the medium. 
 
Sporomusa ovata [DSM-2662]1 
Sporomusa ovata [DSM-2663]2 
Sporomusa ovata [DSM-3300]2 
Sporomusa acidovorans [DSM-3132]2 
Sporomusa malonica [DSM-5090]2 
Sporomusa aerivorans [DSM-13326]2 
Rhodopseudomonas palustris [TIE-1]3 
Clostridium ljungdahlii [DSM 13528]4 
Clostridium pasteurianum [DSM-525]5 
Cupriavidus necator [DSM-13513]5 
Cupriavidus metallidurans [DSM-2839]5 
Acidithiobacillus thiooxidans [DSM-14887]5 
Acidithiobacillus ferrooxidans [DSM-14882]5 
Thiobacillus denitrificans [DSM-12475]5 
Sulfurimonas denitrificans [DSM-1251]5 
Desulfosporosinus orientis [DSM-765]5 
Desulfovibrio piger [DSM-749]5 
Methanobacterium palustre [ATCC BAA-1077]6 
Methanothermobacter thermautotrophicus ΔH7 
Methanococcus maripaludis MM9018 
Methanobacterium IM9 
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