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Energy-saving nitrogen removal from wastewaters occasionally offsets the
mitigation of greenhouse gas nitrous-oxide (N20) emissions. To break down the trade-off, this study
aimed at exploring uncultured N20-reducing bacteria, understanding their ecophysiologies, culturing
them, and harnessing them to mitigate N20 emissions from engineered systems. A fine-tuned 15N tracer

method disentangled the potential of N20-reducing bacteria and their limiting factors. Metagenomic
analysis revealed that the majority of N20-reducing bacteria in energy-saving nitrogen removal
processes have a non-denitrifying nature, lacking some denitrifying genes, and a trait possessing
diversified genes to synthesize vitamin B12, essential for methionine biosynthesis. Long-term
enrichment, followed by isolation, attained non-denitrifying N20-reducing bacteria. Furthermore, a
design of a suitable gel-entrapment technology immobilizing N20-reducing bacteria for N20 mitigation
was established.
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