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Abstract: As a functional outermost structure surrounding cyanobacteria cells, the surface coats play an important role in morpho-
logical adaption, which further influence the dominance and persistence of cyanobacterial blooms in freshwaters. In recent years,
there have been extensive studies on the characteristics, structures and components, regulating factors, and industrial applications
of cyanobacterial surface coats. The biological function of cyanobacterial surface coats and their molecular regulation mechanisms
have still not been clearly understood. In this paper, with the development of analytical technology, we summarized the production,
biological functions and especially the molecular response mechanisms of cyanobacterial surface coats in freshwaters. We reviewed
the biological functions of surface coats in the following four aspects: 1) serving as a protective barrier against environmental stress,
2) participating in mass transport and storage, 3) motivating the movement, 4) promoting the aggregation and cyanobacterial
blooms in freshwaters. In addition, we analyzed current molecular biological research advances on the synthesis of cyanobacterial
surface coats. We also discussed the molecular regulation mechanisms of cyanobacteria in response to external environments via sur-
face coats. Finally, we proposed future focus on the cyanobacterial surface coats.
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Fig.1 Number of articles about the biological functions and biosynthetic of surface coats of

cyanobacteria in freshwaters published in SCI journals
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Tab.1 Some common cyanobacteria embedded in different types of surface coats in freshwaters
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20 um 100 pm

K2 AR PIE A : (a) FACHB-599 23k ; (b) FACHB-82 Al 3% ; () FACHB-2427 fili 4 i
(a: RYA, B FRET K 5b, o BN SRR YL 8, SR ATk RG2Sk )
Fig.2 Cyanobacteria embedded in different types of surface coats: (a) Nostoc sp. FACHB-599;
(b) Anabaena sp. FACHB-82; (¢) Microcystis sp. FACHB-2427 (a: unstained,

sheath; black arrow; b,c: stained with India ink,capsule; white arrow,slime; red arrow)
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Fig.3 Wzy-dependent pathway'®’ ; begins with the assembly of oligosaccharide lipid-linked repeating
units at the interface of the cytoplasm and the plasma membrane. Subsequently, the repeating units are
translocated to the periplasmatic side of the plasma membrane by the integral protein Wzx, and polymerized
by Wzy. The polymerization reaction is influenced by the activity of the polysaccharide copolymerase protein
Wzc, which is controlled by Wzb and the process consumes ATP. Wzc forms a complex with the
polysaccharide export protein Wza that allows the export of the polymer ( The solid lines represent the
direct transformation process, and the dotted lines represent the indirect process)
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171 . the polysaccharide is fully polymerized in the surface of the

Fig.4 ABC transporter-dependent pathway
plasma membrane before being translocated through the plasma membrane by an ABC transporter, which is
comprised of two transmembrane domains (KpsM) and two nucleotide-binding domains ( KpsT). The export
of the polymer through the periplasm and outer membrane is performed by the polysaccharide copolymerase
protein KpsE and the polysaccharide export protein KpsD ( The solid lines represent the direct transformation

process,and the dotted lines represent the unknown participation process of the protein)
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Fig.5 Synthase-dependent pathway: the polysaccharide is polymerized and exported across the inner
membrane by an inner-membrane synthase protein. In some instances, the activity of the polysaccharide
synthase is post-translationally regulated by an inner-membrane c¢-di-GMP receptor. The polysaccharide
is then exported across the outer membrane by a periplasmic TPR-containing protein and an integral
outer-membrane (-barrel ( Abbreviations: c¢-di-GMP, bis-(3'-5") -cyclic dimeric guanosine monophosphate ;
GDP-ManUA, GDP mannuronic acid; UDP-Glc, UDP glucose. The solid lines represent the direct

transformation process, and the dotted lines represent the unknown participation process of the protein)
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Tab.2 Key proteins and their functions in the three EPS synthetic pathways'®*"**
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