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Abstract: This review article discusses new pathways of microbial photoelectrochemical metabolism and new
systems for energy transformation. Building upon the photoelectric effect of terrestrial "mineral coatings", we
innovatively propose the concept of the "marine photic zone natural photocatalytic system" and delve into the
mechanisms by which semiconductor minerals and microorganisms synergistically drive elemental cycles within
the marine photic zone. The study deepens the understanding of new pathways for microbial energy acquisition,
revealing the diversity of microbial metabolic pathways and energy capture and storage methods in low-energy,
oligotrophic aquatic habitats. Additionally, the mechanisms by which microorganisms directly and indirectly
assimilate photoelectrons, as well as the impact of photoelectrons on intracellular energy conversion and synthetic
metabolism, have been explored. Strategies to improve the efficiency of photoelectric energy conversion have been
discussed, and future research directions have been outlined, emphasizing the importance of microbial
photoelectrochemical metabolism in the development of renewable energy and environmental management.

Key words: marine photic zone; natural photocatalytic system; mineral photoelectron energy; photoelectric

microorganisms; element cycles
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