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Research advances on the mixotrophic metabolic mechanisms of anaerobic ammonium-oxidizing bacteria. ZHANG Mu-qi,
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Abstract: This review summarized the research progress on mixotrophic metabolic mechanisms of anaerobic ammonium-oxidizing
bacteria (AnAOB), and provided perspectives on future research directions and highlighted the engineering implications. Current
studies indicated that the mixotrophic metabolism of AnAOB could be influenced by factors such as the C/N ratio, organic matter
concentration and types. However, the metabolic rates and micro-mechanisms of different AnAOB strains in metabolizing small
organic molecules (e.g., acetate, propionate) remain unclear. In recent years, advanced '>C isotope labelling technology (DNA-SIP)
and single-cell techniques have provided novel approaches to elucidate the pathways of small organic molecules uptake and
metabolism in AnAOB. Multi-omics analysis showed that AnAOB fix inorganic carbon through the reductive acetyl-CoA pathway
and harboured multiple pathways for small organic molecules metabolism, including denitrifying nitrate to ammonium (DNRA),
formate metabolism, acetate metabolism, propionate metabolism, and the tricarboxylic acid cycle, yet the specific mechanisms
remain controversial. Future research could focus on the electron transfer mechanisms, endogenous organic matter utilization
strategies, and small organic molecules assimilation capabilities in the mixotrophic metabolism of AnAOB, aiming to optimize the
enrichment and nitrogen removal performance of AnAOB, and expand their application potential in complex wastewater treatment.
Key words: anaerobic ammonium-oxidizing bacteria; mixotrophic metabolism; inorganic carbon fixation; dissimilatory nitrate

reduction to ammonium; small organic molecules
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Table 1 Classification and mixotrophic metabolic potential of

AnAOB
& i WL 2
B SOk
Ca. Kuenenia Ca. K. stuttgartiensis ++ [12,34]
Ca. B. fulgida ++ [8]
Ca. B. sinica ++ [35]
Ca. Brocadia Ca. B. caroliniensis + [36]
Ca. B. sapporoensis + [37]
Ca. B. brasiliensis - [38]
Ca. B. anammoxidans - [39]
Ca. Anammoximicrobium Ca. A. moscowii - [26]
Ca. A. sulfate - [40]
Ca. Anammoxoglobus L
Ca. A. propionicus ++ [9]
Ca. J. caeni ++ [41]
Ca. Jettenia Ca. J. asiatica ++ [42]
Ca. J. ecosi - [43]
Ca. J. moscovienalis - [44]
Ca. S. profunda + [45]
Ca. S. brodiae - [46]
Ca. S. sorokinii - [47]
Ca. S. wagneri - [46]
Ca. S. marina - [48]
Ca. Scalindua Ca. S. arabiea - [49]
Ca. S. rubra - [50]
Ca. S. flavia - [51]
Ca. S. pacifica - [52]
Ca. S. zhenghei - [53]
Ca. S. richardsii - [54]
Ca. S. sinooifed - [55]
Ca. Loosdrechtia Ca. L. aerotolerans + [19]
Ca. A. sp.OFTM134 + [20]
Ca. Anammoxibacter Ca. A. sp.OFTM214 + [20]
Ca. A. sp.OFTM301 + [20]

Ca. Bathyanammoxibius Ca. B. amoris - [22]
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P4 A.CODH/ACS JZiX il i i S B Al 17 i 4
B PR T EE LR | SRR AP ETEW] T Ca.
Kuenenia stuttgartiensis 1% W It 3% £ 2L R Ca.
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Fig.2 Key enzymes involved in inorganic

carbon fixation and DNRA pathways in AnAOB
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