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Abstract: Aromatic hydrocarbons, a class of organic compounds with one or more benzene rings,
are ubiquitous in the natural environment. They are difficult be degraded naturally and thus easy to
be bioaccumulated, posing a huge threat to the environment. Biological degradation seems to be
the mainstream method for the transformation of organic compounds, and electroactive
microorganisms have great potential in the removal of aromatic hydrocarbons because of their
unique extracellular electron transport ability and physiological metabolism mode. They can finally
achieve the degradation and mineralization of aromatic hydrocarbon pollutants by combining
reductive dehalogenation and denitrification and oxidative ring cleavage. In this paper, we focused
on the main reduction/oxidation reaction mechanisms in the degradation of aromatic hydrocarbon
pollutants by electroactive microorganisms, summarized the key enzyme activities, metabolic
pathways, and transformation mechanism of electroactive microorganisms in the reductive
dehalogenation and denitrification, analyzed the ring cleavage modes and metabolic pathways of
electroactive microorganisms under different oxygen-containing conditions, and improved the
extracellular electron transport process of the microorganisms by regulating microbial extracellular
polymers and adding conductive materials. Moreover, we discussed the influence of electrode
potential, electrode materials, and environmental factors such as electrolyte properties and
temperature on the degradation of aromatic hydrocarbon compounds, and the feasibility of
enhanced biodegradation strategies for aromatic hydrocarbon pollutants. Finally, in order to
provide theoretical and technical reference for accelerating the engineering application of
bioelectrochemical systems, we summed up the directions of future potential research in the related
fields of electroactive microbial degradation technology.

Keywords: electroactive microorganism; extracellular electron transport; transformation
mechanism; aromatic hydrocarbon pollutant
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Table 1 Common aromatic hydrocarbon compounds electroactive degradation bacteria and ring-cleavage
substrates

Substrates Strains Ring-cleavage substrates References
Nitrobenzene Shewanella putrefaciens CN32 2-aminophenol [53]
2-chloronitrobenzene Pseudomonas stutzeri ZWLR2-1 3-chlorocatechol [54]
4-chloronitrobenzene Pseudomona putida ZWLT73 4-chloro-2-aminophenol [55]
3-nitrophenol Pseudomonas sp. B2 Hydroxyquinol [56]
4-nitrophenol Bacillus sphaericus JS905 Hydroxyquinol [57]
Chlorinated phenols Geobacter metallireducens GS-15 Catechol [58]
pentachlorohenol

2,4,6-tribromophenol Bacillus sp. GZT Catechol [59]
2-nitrobenzoate Shewanella oneidensis MR-1 Catechol [60]
3-nitrobenzoate Pseudomonas sp. JS51 Protocatechuate [61]
4-nitrobenzoate Pseudomonas putida TW3 Protocatechuate [62]
Polychlorinated biphenyls Shewanella oneidensis MR-1 Catechol [63]
Naphthalene Pseudomona putida BS3701 Benzoyl-CoA [64]
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Figure I Mechanism and enhancement pathway of degradation of aromatic hydrocarbon contaminants by
electroactive microorganisms!'”> #7421 This figure depicts the key degradation and metabolic pathways of
aromatic hydrocarbon compounds based on the action of electroactive microorganisms, such as
dehalogenation, denitrification, and ring cleavage. Electroactive microorganisms accelerate the
reduction/oxidation process of halogenated/nitro-substituted aromatic hydrocarbon compounds by regulating
environmental factors and enhancing extracellular electron transport, and finally convert pollutants into CO,
and H,0 through the tricarboxylic acid cycle (TCA cycle), and the electrons lost by oxidation cleavage can
also be transferred for the reducing dehalogenation/denitrification process.
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