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Abstract: Electroactive microorganisms have the unique ability to transfer electrons between
intracellular and extracellular environments. Based on a thorough study of the electron transfer
mechanism of natural electroactive microorganisms, the structural basis of electron transfer in
natural electroactive microorganisms can also be heterologously constructed by synthetic
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biology methods, which can transform non-electroactive Escherichia coli with clear genetic
background into electroactive microorganisms. The engineered electroactive E. coli obtained
can be directly applied to fields such as microbial fuel cells, biosensors, and be used as a
chassis cell to integrate the corresponding target product synthesis pathway to achieve
electric-driven biosynthesis. This review article focuses on the construction of electroactive
E. coli by synthetic biology methods, elaborates on the mechanism and structural basis of
electron transfer in natural electroactive microorganisms, summarizes the construction strategy,
successful cases, and application fields of engineered electroactive E. coli, and looks forward to
the future research direction of constructing electroactive E. coli by synthetic biology methods.
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The structural basis of electroactive microbial cells for electron transfer
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transfer mechanism and conductive membrane structure of S. oneidensis. B: The electron transfer mechanism

and conductive pili structure of G. sulfurreducens.
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[llustration of the directed electron transfer via membrane bound cytochromes or electronically

conducting nanowires and mediated electron transfer via microbial metabolites"”.
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Figure 3 Schematic Escherichia coli sensor with a synthetic ET chain®®*. Fd-dependent ET from FNR to
SIR couples NADPH oxidation to sulfite reduction (input module), SQR uses sulfide oxidation to reduce
quinones (coupling module), and CymA-MtrCAB use quinol oxidation to drive EET (output module). IM:

Inner membrane; OM: Outer membrane.
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the input of electrons transferred from electron carriers. The electrons were delivered to menaquinone or
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viologen; LbADH: Alcohol dehydrogenase from Lactobacillus brevis; MtrA, STC and CymA: Proteins of the
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Figure 5 Schematic representation of the modules constructed for pyocyanin biosynthesis in Escherichia
coli (A)P* and Pyocyanin-producing electroactive Escherichia coli used in redox flow battery (B). E4P:
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