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Abstract: Exoelectrogens are promising for a wide variety of potential applications in the areas of environment and energy,
which convert chemical energy from organic matter into electrical energy by extracellular electrons transfer (EET).
Microorganisms with different mechanisms and EET efficiencies have been elucidated. However, the practical applications of
exoelectrogens are limited by their fundamental features. At present, it is difficult to realize the extensive application of
exoelectrogens in complex and diverse environments by means of traditional engineering strategies such as rational design and
directed evolution. The exoelectrogens with excellent performance in environments can be screened with efficient strain
identification technologies, which promote the widespread applications of exoelectrogens. The aims of this review are to
summarize the methods of screening based on different types of exoelectrogens, and to outline future research directions of

strain screening.
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Table 1 Summary table of typical exoelectrogens

Phylum Class Order Family Species References

Proteobacteria a-proteobacteria  Rhodospirillales  Acetobacteraceae Acidiphilium cryptum [7]

Rhizobiales Brucellaceae Ochrobactrum anthropi YZ-1 [8]

Bradyrhizobiaceae ~ Rhodopseudomonas palustris TIE-1 [9]

B-proteobacteria  Burkholderiales Comamonadaceae Comamonas denitrificans [10]

Comamonas testosteroni [11]

Rhodoferax ferrireducens [12]

y-proteobacteria  Aeromonadales Aeromonadaceae Aeromonas hydrophila [13]

Enterobacterales Enterobacteriaceae  Citrobacter freundii [14]

Citrobacter sp. SX-1 [15]

Enterobacter cloacae [16]

Klebsiella pneumoniae [17]

Klebsiella sp. ME17 [18]

Alteromonadales  Shewanellaceae Shewanella decolorationis [19]

Shewanella oneidensis MR-1 [20]

Shewanella frigidimarina [21]

Shewanella algae E-1 [22]

Pseudomonadales Pseudomonadaceae Pseudomonas aeruginosa ZH1 [23]

Aeromonadales Aeromonadaceae Tolumonas osonensis [24]

S-proteobacteria  Desulfobacterales  Desulfobulbaceae Desulfobulbus propionicus [25]

Geobacter sulfurreducens [26]

Geobacter metallireducens [27]

e-proteobacteria  Campylobacterales Campylobacteraceae Arcobacter butzleri ED-1 [28]

Firmicutes Clostridia Clostridiales Clostridiaceae Clostridium acetobutylicum [29]

Clostridiales Peptococcaceae Desulfitobacterium hafniense [30]

Thermincola ferriacetica [31]

Thermincola potens JR [32]

Bacilli Bacillales Paenibacillaceae Paenibacillus sp. [33]

Lactobacillales Enterococcaceae Enterococcus avium [34]

Acidobacteria Holophagae Holophagales Holophagaceae Geothrix fermentans [35]

Actinobacteria Micrococcales Micrococcaceae Kocuria rhizophila P2-A-5 [36]
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Fig. 1 Mechanisms of transfer extracellular electrons in microbial exoelectrogens. (A) Direct electron transfer (DET).
Electrons transport across the cell membranes through the c-type cytochromes and pili®®®. (B) Indirect electron transfer (IET).
Electrons transfer between the external electron acceptor/donor mediated by soluble shuttle molecules®®.
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Fig. 2 Microfabricated microbial fuel cell array. (A) Illustration of the MFC array and its assembly steps®”. (B)
Schematic diagram of the 6-well miniature MFC array system. MFC array was composed of five functional layers,
including two electrode layers, and two chamber layers and proton exchange membrane®®®. (C) The schematic of
64-well papertronic sensing array, including the procedure of assembling the MFC, the schematic of cross-section of a
single MFC, the handling method of the array that has been used'*%.
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Fig. 3 Schematic diagram of the workflow for the methods of electrochromism and colorimetric assay. (A) Schematic
diagram of the workflow for the method of electrochromism. The synthesized WO; nanocluster and bacteria were mixed
in 96-well plate then, scanned and analyzed. According to the gray-scale value analyzed by software, the electrical
activity of the strain can be evaluated®. (B) Schematic diagram of the workflow for the method of colorimetric assay,
the bacterial peroxidase-catalyzed oxidation of chromogen (TMB) resulted in a measurable color change, identifying the

exoelectrogens on the base of the character®.
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Fig. 4 Schematic diagram of the mechanisms of ECL and BioLP. (A) Schematic diagram of the mechanism of ECL for
identification the exoelectrogens. The bacteria with the ability of extracellular reduction enhance the signal of ECL
emission, however, the bacteria with the ability of extracellular oxidation reduce intensity of the ECL™%. (B) Biological
laser printing (BioLP) schematic. The launch support consists of three layers: a transparent quartz layer, an energy
conversion layer and the liquid cell culture. And the receiving support is an agar plate!”®.
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