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Abstract: Cyanobacteria have strong capacities of tolerance and accumulation for different speciations
of mercury, make the concentrations of different mercury-speciations convert and influence the
biogeochemical cycling of mercury. Meanwhile, the various mecury-speciations accumulated by
cyanobacteria which are significant primary producers in the ecosystem, are more easily delivered into
the food chain, which affects human health. This paper systematically summarized the mechanisms of
mercury tolerance of cyanobacteria, which included: (1) synthesizing a colloidal sheath outside the cell
wall to isolate mercury; (2) mercury stabilization by combining with their own compounds; (3) using
their own antioxidant mechanisms to repair the damage of mercury to cells; (4) using their own
enzymes to transform the form of mercury to reduce toxicity; (5) symbiosis with mercury-resistant
bacteria to resist mercury. On the basis of the above, this paper gave prospects of the further research
directions of mercury-tolerance mechanisms for cyanobacteria, the promising future of mercury

detoxification and pollution remediation utilizing cyanobacteria.
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Figure 1

Zooplankton

The role of cyanobacteria in mercury’s food web cycle. The red arrow indicates that mercury and

methylmercury are enriched by cyanobacteria. The blue arrows indicate the accumulation and transmission of

mercury and methylmercury in the food web.
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F1 EMERTTZEE
Table 1 Mercury tolerance of cyanobacteria

Phylum Family Genus Types of Mercury concentration® References
mercury
Chroococcales Aphanothecaceae  Aphanizomenon flosaquae HgCl, 0.1 mg/L, total 20 pg [42]
Aphanothece flocculosa  HgCl, 10 mg/L, 50 mg/L [17]
Aphanothece halophytica HgCl, 4 mg/L [43]
Nostocales Nostocaceae Anabaena cylindrical HgCl, 0.1 mg/L [44]
Anabaena sp. 595 HgCl, 0.03 mg/L [40]
Nostoc calcicola CH;3HgCl 0.31 mg/L [45]
Nostoc calcicola HgCl, 0.5 mg/L [46]
Nostoc muscorum HgCl, 4 mg/L [47]
Nostoc paludosum BA033 CH3;HgCl 0.015 mg/L, 0.023 mg/L, [39]
0.034 mg/L, 0.051 mg/L
Nostoc paludosum BA033 HgCl, 0.015 mg/L, 0.02 mg/L, [39]
0.025 mg/L, 0.03 mg/L, 0.035 mg/L
Scytonemataceae  Scynetonema hofmanni 248 HgCl, 0.03 mg/L [40]
Oscillatoriales Microcoleaceae Arthrospira platensis Hg(NOs), 0.2 mg/L [48]

Microcystis aeruginosa ~ CH3;HgCl 0.001 mg/L, 0.01 mg/L, 0.05 mg/L, [33,49]
0.25 mg/L; 1x10™* mg/L,
5x107 mg/L, 1x107 mg/L,
5x107 mg/L

Microcystis aeruginosa ~ Hg(NOs), 1 mg/L, 5 mg/L, 10 mg/L, 50 mg/L  [50]
Microcystis aeruginosa ~ HgCl, 0.1 mg/L, total 20 ug [42]
Microcystis incerta CH3;HgOH 0.07 mg/L [34]
Oscillatoriaceae Oscillatoria tenuisa CH;3HgCl 0.001 mg/L, 0.01 mg/L, 0.05 mg/L, [33]
0.25 mg/L
Oscillatoria woronichinii Hg(CH3COO), 10 mg/L [51]
Phormidium fragile HgCl, 0.01 mg/L, 0.05 mg/L, 0.1 mg/L, [52]
0.5mg/L, 1.0 mg/L, 1.5 mg/L
Phormidium limnetica HgCl, 0.14 mg/L [53]
Plectonema boryanum 246 HgCl, 0.2 mg/L [40]
Spirulinales Spirulinaceae Spirulina platensis HgCl, 10 mg/L, 50 mg/L; 0.3 mg/L, [17,41]
0.6 mg/L, 3.6 mg/L
Spirulina sp. THg 216 pg/kg [54]
Synechococcales  Merismopediaceae  Synechococcus bacillaris MeHg 6x10°-8x10° mg/L [55]
Synechococcus PCC 7942 HgCl, 4 mg/L [47]
Synechococcus sp. Hg(NOs), Hg(II)/DOC=7.45 ng/mg, 5.41 ng/mg, [56]
14.38 ng/mg, 1.78 ng/mg
Synechococcus sp. IU 625 HgCl, 1.0 mg/L [30]
Synechocystis sp. CH;HgCl 1.3x107-1.5x10™ mg/L [57]
Synechocystis sp. HgCl, 1.5x10-3.2x10™ mg/L [57]
Pseudanabaenaceae Limnothrix planctonica  HgCI2 0.1 mg/L, 0.12 mg/L, 0.2 mg/L [53,58]
Schizotrichaceae  Schizothrix calcicola MeHg 5x107°-8x107° mg/L; 4x10° mg/L  [59-60]
Synechococcaceae  Anacystis nidulans HgCl, 0.3 mg/L, 0.6 mg/L, 3.6 mg/L [41]

* All units are converted to mg/L.
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Figure 2 Schematic diagram of the mercury tolerance mechanism of cyanobacteria. (U Extracellular
mercury-tolerant bacteria increase the mercury tolerance of cyanobacteria. @ Sheath reduces the mercury
exposure area of cyanobacteria. 3 Polyphosphate granules, metallothioneins and compounds in extracellular
polymeric substances combine mercury. @ The mercury reduction pathway reduces the toxicity of mercury.
® Metallothioneins and antioxidant mechanism repair cell injury.
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