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Figure 1 Formation mechanism of electroactive biofilms
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Figure 2 Electron uptake mechanism of electroactive biofilms
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Figure 3 Synthetic biology enhances the formation of biofilms. A:
Engineered curli fibers enhance microbial electrocatalysis on stainless-
steel electrodes; B: the promoting effect of cell wall inhibition response
protein CwrA on biofilm formation
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Figure 4 Synthetic biology enhances the conductivity of biofilms. A:
Optimizing the periplasmic cytochrome network to enhance
extracellular electron transfer in S. oneidensis; B: strengthening
electron mediator biosynthesis to enhance extracellular electron
transfer in S. oneidensis
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Table 1 Synthetic biology strategies for engineering enhanced electrochemical microbial biofilms
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Synthetic biology approaches to enhancing electroactive biofilm
performance in microbial electrosynthesis systems
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As a production technology with zero or even negative carbon emissions, microbial electrosynthesis (MES) could fix CO, to
synthesize high-value chemicals where renewable electrical energy serves as reducing power. It provides a solution to meet the urgent
needs of dual carbon emission reduction and in sifu efficient storage of waste electric energy storage in our country. Electroactive
biofilm is the catalytic core of the microbial electrosynthesis system, which mediates efficient electron transport between electrode
and biofilm. However, the weak interface interaction ability of cells-electrodes, as well as the low electron transfer rate in natural
electroactive biofilm, has restricted the industrial application process of microbial electrochemical synthesis systems. Focusing on the
above issues, this review first elaborates on the formation process and electron transfer mechanism of electroactive biofilms.
Subsequently, it discusses the engineering modification of biofilm structural components to enhance the formation ability of biofilms,
the modification of electron transfer pathways to strengthen the electron transfer ability of biofilms, and the regulation of intracellular
signaling molecules to promote the formation and conductivity of biofilms through synthetic biology strategies. This review provides
a theoretical foundation for developing a high-performance MES system with strong process stability and high energy conversion
efficiency.

microbial electrosynthesis, electroactive biofilm, synthetic biology, electron transfer, intracellular signaling molecules
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