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Abstract: As a group of newly identified bioavailable phosphorus sources, phosphonates are an important part of the aquatic organ-
ophosphorus pool and constitute a key component in the phosphorus redox cycle. In recent years, dozens of cyanobacterial strains
have been demonstrated to participate in the utilization and biosynthesis of phosphonates, aiding in the understanding of how these

strains are able to adapt to low concentrations of phosphate. The discovery of cyanobacteria phosphonate utilization promotes our
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knowledge of cyanobacterial phosphorus strategy and water phosphorus cycle. Intensive studies have shown the duel ecological role
of phosphonates that serve both as a source of phosphorus and as a biocide for planktonics in aquatic ecosystems. They can damage
the aquatic ecosystems by driving a selective decrease in phosphonate-sensitive portions with a corresponding increase in phospho-
nate-consuming cyanobacteria. On the other hand, cyanobacterial methylphosphonate catabolism is regarded as a promising mecha-
nism of oxic methane production in the water. This paper reviewed the research history of cyanobacterial phosphonates utilization
and biosynthesis. A summary of the research progress on the ecological risks and ecological significance of cyanobacterial phospho-
nates metabolism was also provided. Finally, we proposed comments on the future focus in this field.

Keywords: Cyanobacteria; cyanobacterial phosphorus strategy; phosphonate biodegradation; phosphonate biosynthesis; oxic

methane production
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Fig.1 Formulas of several common phosphate esters (A : nucleic acid; B: phospholipids) and

phosphonates ( C: methyl phosphonic acid; D: 2-amino ethylphosphonic acid; E: glyphosate)
(The red dotted circle shows the C-O-P bond; the solid green coil shows the C-P bhond)
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Tab.1 Summary of experimentally confirmed cyanobacterial strains that are capable of phosphonate utilization

JBERR TR A 1T o0 # phn

MPn  EPn  2-AEP EHJf AMPA HMPn DTPMP AR

Anabaena sp.

FACHB-418/PCC 7120 - ?b I [15,47]
Anabaena variabilis

ACA 101 + A [45]

ATCC 29413/PCC 7937 + HRH
Cylindrospermopsis raciborskii

FACHB-1096 + - & [49-51]
Leptolyngbya boryana

PCC 6306 + & [47]
Microcystis aeruginosa

FACHB-905 + w0 [20,22]

PCC 7806 - + & [15]

PCC 7941 + & [47]

strain 205 + + ARA [50]
Nodularia spumigena

UHCC 0039 + - £ [14]

UHCC 0060 + - + & [14]
Nostoc sp.

FACHB-892 + - i [15]
Nostoc flagelliforme

FACHB-838 + + = [15]
Nostoc punctiforme

PCC 73102 + 7 [47]
Oscillatoria tenuis

FACHB-1052 + - = [15]
Planktothrix agardhii

PCC 7811 + R (18]
Pseudanabaena sp.

PCC 6802 + - = [15]
Prochlorococcus marinus

MIT9301 + + & [52]
Synechococcus

ARC-11 + + - A [53]

ARC-21 + + - AR [53]

0S-A + = [12]

JA2-3B' a (2-13)/08-B"  + + 2 [12]

LS0512 + + - ARH [53]

WH8102 + - 0 [53]
Trichodesmium erythraeum

IMS101 + + + = [54]

a: ARG Bk 2 0 AT — Rb BERR B , R G 1T I MR S5 2R s MPn, W B JRERR ; EPn, £ HEWRAR ; 2-AEP , 2-2 B £ HL R
AMPA, & H 3t B fR; HMPn, ¥ W 3& B % ( hydroxymethylphosphonate ) ; DTPMP, — 2 4 = % # B X B i
(diethylenetriaminepenta ( methylenephosphonic) acid) ;b ; ¥ SCRk 45 R AFTE 22 5. SCHR [ 15 ] 588 12238 Bk TG v A 5 H 1
SCHR (47 ] 575 TR T LA PR T 5 ¢ T2 N 2 8 T A 0 AR T JRAE PR T 5 203 R 30T A 5 T v 280 IR PR T o
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Fig.3 The phn gene cluster schematics of 37 identified cyanobacterial strains from the
Freshwater Algae Culture Collection at the Institute of Hydrobiology (FACHB) , Chinese Academy of
Sciences ( strains in red font indicate their encoding of pepM and ppd genes which are
responsible for phosphonate biosynthesis''*. The arrows’ direction represent the
direction of each gene in the clusters of each strain)
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Fig.4 The maximum likelihood phylogenetic tree of phnJ gene sequences from 151 strains
identified as carrying a phn gene cluster ( Rings shown from outer to inner are
the presence of genes involved in phosphonate biosynthesis, annotation of

cyanobacteria morphological subsections, and habitat classification ")
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