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wastewater treatment for over a century. The microbial floc formation plays a central role in gravitational
sludge-effluent separation and sludge recycling. However, very little was known about the mechanism
underlying the floc formation of activated sludge bacteria. By summarizing the literature about AS
microbiome, molecular biology of AS floc formation and comparative genomics analyses to reveal the
molecular mechanism underlying bacterial floc formation. The extracellular polysaccharide biosynthesis
gene cluster is widespread among floc-forming bacteria and is required for bacterial floc formation, which
was experimentally confirmed in Zoogloea, Thauera, Mitsuaria and Aquincola strains. Furthermore, the
prsK-prsR-prsT gene cluster and PEP-CTERM genes are also widely encoded in those floc-forming bacteria.
and other genes. It is demonstrated that bacteria floc formation mediated by both exopolysaccharides and
PEP-CTERM proteins might be well-conserved among AS bacteria and other floc-formers. These results
could provide important implications for the control of sludge bulking, reduction of sludge, and resource and
energy recovery from excess sludge.
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Figurel Thelargegenecluster for the biosynthesis of extracellular polysaccharidesin Zoogloea resiniphila MMB strain'*2
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Note: The black arrows indicate the transposon-disrupted gene in the floc-formation deficient mutants. The similar gene cluster is encoded in
the genome or metagenome of many other activated sludge bacteria and the interspecies and intraspecies difference are also found. The

polysaccharide biosynthesis pathway is predicted to be Wzy polymerase dependent based on the gene cluster>34,
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Figure2 Thetranscription of PEP-CTERM genes are regulated by the RpoN-dependent two-component system PrsK-PrsR
and the PEP-CTERM proteins under go post-translational processing and sorting for EPS biosynthesis™®
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Figure3 Schematic diagram about activated sludge process based on microbial floc formation mechanism and compar ative
genomics analyses 323849

Note: Floc-forming bacteria including Zoogloea, Thauera, Dechloromonas, Nitrosomonas, Mitsuria, Candidatus Accumulibacter and Nitrospira
comammox bacteria could be enriched via repeated sludge settlement and recycling while planktonic cells are carried away along with
effluents.
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