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Abstract: Anaerobic ammonium-oxidizing bacteria (AnAOB) are a newly developed
taxonomic group. Due to the slow growth and difficult cultivation, pure cultures of AnAOB
have not yet been obtained. AnAOB exhibit unique cellular structures and functions compared
with the well-known bacterial groups. Although being chemolithotrophic bacteria, AnAOB
often contain cellular inclusions, e.g., glycogen particles. Studying the characteristics and
dynamics of glycogen particles will deepen our understanding into AnAOB. According to
relevant literature and our previous work, we systematically summarized the properties of the
structure, metabolism, and function of the glycogen particles in AnAOB. The glycogen
particles in AnAOB exist in the riboplasm and are in dynamic balance between synthesis via
various pathways and degradation at multiple sites. Additionally, glycogen particles can serve
as energy and carbon sources and provide stress protection, which are of great significance for
the survival of AnAOB under adverse conditions. This review is expected to underpin the
further investigation and application of AnAOB.
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Tablel The clarification, sources and characteristics of anaerobic ammonium-oxidizing bacteria
Genus Species Sources Accession No. References
Brocadia Ca. Brocadia anammoxidans Wastewater AF375994 [8]
Ca. Brocadia fulgida Wastewater DQ459989 [9-10]
Ca. Brocadia brasiliensis Wastewater GQ896513 [11]
Ca. Brocadia caroliniensis Nitrogen removal system JF487828 [12]
Ca. Brocadia sapporoensis Membrane bioreactor KY659581 [13]
Ca. Brocadia sinica Nitrogen removal reactor AB565477 [14-15]
Kuenenia Ca. Kuenenia stuttgartiensis Trickling filter reactor AF375995 [16-17]
Anammoxoglobus Ca. Anammoxoglobus propionicus Laboratory bioreactor DQ317601 [18]
Ca. Anammoxoglobus sulfate Biological reactor - [19]
Scalindua Ca. Scalindua brodae Wastewater AY254883 [20]
Ca. Scalindua wagneri Wastewater AY254882 [20]
Ca. Scalindua sorokinii Seawater AY257181 [21]
Ca. Scalindua marina Marine sediments EF602038 [22]
Ca. Scalindua sinooilfield Petroleum reservoirs HM208769 [23]
Ca. Scalindua arabica Seawater EU478593 [24]
Ca. Scalindua profunda Marine sediments EU142947 [25]
Ca. Scalindua zhenghei Marine sediments GQ331167 [26]
Ca. Scalindua richardsii Seawater DQ368233 [27]
Ca. Scalindua rubra Brine in the Red Sea MAYWO01000056 [28]
Ca. Scalindua flavia Marine sediments KP126678 [29]
Ca. Scalindua pacifica Marine sediments JX537310 [30]
Anammoximicrobium  Ca. Anammoximicrobium moscowii Moscow River silt KC467065 [31]
Jettenia Ca. Jettenia asiatica Anammox reactor DQ301513 [32]
Ca. Jettenia caeni Membrane bioreactor AB057453 [33]
Ca. Jettenia ecosi Anaerobic bioreactor MH220407 [34]
Ca. Jettenia moscovienalis Bioreactor KF720711 [35]

The bolded species in the table are AnAOB included in Bergey’s Manual of Systematic Bacteriology, second edition, volume four.
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Glycogen structure*. A: Schematic diagram of a-1,4-glycosidic linkages and a-1,6-glycosidic

linkages in glycogen. B: The tired model for glycogen, in which inner B chains carry an average of two
branches, while the outer A chains are unbranched, the black circle in B denotes glycogenin.
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Figure 2 Schematic diagram of o and f glycogen particles (A
images of a and P glycogen particles in rat liver (B)!**/.
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Figure 3 Transmission electron microscopy images of glycogen staining in partial anaerobic ammonia

. . . 147
oxidation bacterial

1. A and B: Positive and negative control of glycogen staining in Candidatus Kuenenia

stuttgartiensis. C—F: Glycogen staining images of Candidatus Anammoxoglobus propionicus, Candidatus
Brocadia fulgida, Candidatus Scalindua spp. with and without pilus-like appendages, the scale bar represents

200 nm, and red arrows point to the glycogen particles.
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Figure 4 The process of glycogen consumption during the long-term cryopreservation of Candidatus
Kuenenia stuttgartiensis (A—D corresponds to day 0, 60, 150, and 210 during preservation and red arrows

point to the glycogen particles).
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5 Candidatus Brocadia sinica 7E1% 75 312 h R = AR R 545D

Figure 5 Accumulation and consumption of glycogen in the cytoplasmic compartment of Candidatus
Brocadia sinica during cultivation®’. A: Growth phase. B and C: Near-zero growth phase. D: Starvation phase.
E: Negative control incubated with water, scale bars in A-D are 200 nm and in E is 500 nm, and red arrows

point to the glycogen particles.
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Figure 6 Schematic diagram of glycogen metabolism pathway (A) and relative abundance of glycogen
metabolic enzymes in Candidatus Brocadia sinica (B) based on genomic and proteomic analysis[s].
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