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Abstract: Cyanobacteria have garnered great attention as important players in the marine

hydrosphere and the source of bioactive compounds. Type IV pili (TFP) play a crucial role in

cyanobacteria by participating in various physiological functions such as substrate surface

movement, phototaxis, and natural transformation. With the continuous advancements in the

visualization of pili, we have gained a deeper understanding of the TFP-mediated cell behaviors

of cyanobacteria. We review the recent progress and applications of visualization of pili in the

research on the twitching, phototaxis, and natural transformation of cyanobacteria. This review

is expected to improve our understanding of the TFP-mediated cell behaviors and the

ecological function and significance of cyanobacteria in the hydrosphere. Additionally, it

provides new insights for developing TFP-based regulation on cell behaviors of cyanobacteria.

Keywords: cyanobacteria; visualization of pili; twitching; phototaxis; natural transformation
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Figure 2 Visualization methods of cyanobacterial pili. A: Two pilus morphotypes in Synechocystis sp. PCC
6803 wild-type cells. I: Thick pili (upper left and lower right by green arrows) and thin pili (red arrows),
magnification 65 450x%; II: Thick pili (upper right by green arrows) and thin pili (lower left by red arrows),
magnification 173 25014 B: Schematic, micrograph, and profile of the beads distribution when light was
laterally illuminated and when light was partially illuminated in the right half of the cell from the bottom
(thick blue arrow represents the direction of light, blue and red thin arrows represent the retraction and
extension of pili, respectively, the light-illuminated region is shown in pale blue)®. C: Fluorescent
micrograph labeled by FITC-avidin'*’’. D: The fluorescence images of TFP taken at dusk and dawn. Pili
stained with AF-488-C5 were shown in green. The top row shows cells at dawn initially have less and short

pili, but after 12 hours incubation in light, at dusk cells have more and long pili. The bottom row is
i1al30]
opposite™ .
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Figure 3 Applications of pili visualization in the
study of cyanobacteria. A: Twitching motility of
Synechococcus elongatus PCC 7942 on the surface
under the traction of pili. B: Location distribution of
pili of Thermosynechococcus vulcanus during
phototaxis'*®.  C:  Electron micrographs of
Synechocystis sp. PCC 6803 mutants with different
natural conversion efficiencies correspond to the
following: WT (a, e¢), mutant Ahfg (b, f), mutant
ApilA9-9r2019 (c, g), and mutant ApilA5-pilA6

(d, h) 71, Among them, a—d represent whole cells,
while e—h depict ultrastructural details of pili.
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