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Recent advances in the structure and function of microbial
community in anaerobic granular sludge

GUO Changjie, WANG Weigang , WANG Yayi

State Key Laboratory of Pollution Control and Resources Reuse, College of Environmental Science and Engineering,
Tongji University, Shanghai 200092, China

Abstract: Anaerobic granular sludge (AnGS), a self-immobilized aggregate containing various
functional microorganisms, is considered as a promising green process for wastewater treatment.
AnGS has the advantages of high volume loading rate, simple process and low excess sludge
generation, thus shows great technological and economical potentials. This review systematically
summarizes the recent advances of the microbial community structure and function of anaerobic
granular sludge, and discusses the factors affecting the formation and stability of anaerobic
granular sludge from the perspective of microbiology. Moreover, future research directions of
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AnGS are prospected. This review is expected to facilitate the research and engineering

application of AnGS.

Keywords: anaerobic granular sludge; anaerobic digestion; microorganism; wastewater treatment
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Main archaea and their categories involved in anaerobic digestion

Order Family Genus Category
Methanosarcinales Methanosaetaceae Methanothrix (Methanosaeta) Acetoclastic
Methanosarcinaceae Methanosarcina Acetoclastic/Hydrogenotrophic/
Methylotrophic
Methanimicrococcus Methylotrophic
Methanolobus Methylotrophic
Methanomethyl ovorans Methylotrophic
Methanomicrobiales Methanomicrobiaceae Methanoculleus Hydrogenotrophic
Methanoregulaceae Methanosphaerula Hydrogenotrophic

Methanomassiliicoccales

Methanocorpusculaceae

Methanomassiliicoccaceae

Methanolinea
Methanocorpusculum
Methanomassiliicoccus

Hydrogenotrophic/Methlotrophic
Hydrogenotrophic
Hydrogenotrophic/Methlotrophic

Methanobacteriales Methanosprillaceae Methanospirillum Hydrogenotrophic
Methanobacteriaceae Methanobacterium Hydrogenotrophic
Methanobrevibacter Hydrogenotrophic
Methanother mobacter Hydrogenotrophic
Methanosphaera Hydrogenotrophic/Methlotrophic
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Figure 1 Schematic overview of microbial community composition of anaerobic granular sludge. The
figure shows the network of each bacterial family in anaerobic granular sludge sample. The circle without
numbers represents the sample, the circle with numbers represents the bacterial family, and the line between
the two circles represents the bacterial family in the sample. The color intensity of the circle is proportional
to the number of connections, and the name of bacterial family 31-81 is not shown.
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Organic matter

|

® Acidogenic bacteria

® Acetogenic bacteria

@ Hydrogenotrophic methanogens

Acetoclastic methanogens

® Ammonium-oxidizing bacteria

@ Anammox bacteria

B2 REFHSEREDZEERREE A PHLERRITGE. B: MR- KA Z S NRLT5 e
Figure 2 Schematic overview of spatial structure of microorganisms in anaerobic granular sludge. A:
Methanogenic granular sludge. B: Partial nitrification-anammox granular sludge.
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