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Abstract: Flagella are important protein structures on the cell surface of bacteria and the main
appendage for bacterial swimming. Flagella play a crucial role in bacterial motility, chemotaxis,

pathogenicity, and environmental sensing. With the development of microscopic tracking

technology and flagellum visualization tools, new forms of flagellar motility and increasing
roles of flagella in the physiological activities of bacteria have been discovered. This review
introduces the visualization methods of flagella and the applications of these methods in
studying flagellar functions, giving insights into exploring the functions of flagella and laying a
theoretical foundation for its future applications in inhibiting bacterial transmission and treating

bacterial infections.
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Figure 1 Schematic diagram of flagella structure!®’.
OM: Outer membrane; IM: Inner membrane; PG:
Peptidoglycan layer; MS ring: Endometrial ring; C
ring: Cytoplasmic ring.
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Figure 2 Flagella visualization method and main biological functions.
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Figure 3 Flagella visualization method. A: Wild type flagella staining of Pectobacterium odoriferum''!; B:

Scanning electron microscopy schematic diagram of Giardia intestinalisl'?; C: Flip observation of
Escherichia coli labeled with Cy3!"*); D: Observation of swimming behavior after point mutation staining of

Pseudomonas aeruginosa'*.
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Figure 4 Example of flagella function. A: When Escherichia coli approaches the edge, the flagella change
direction of rotation, and the flagella bundle is released, resulting in free edges''”; B: Schematic diagram of
the chemotactic signaling pathway in Escherichia coli™; C: The flagellar protein stimulates the
transmembrane protein TLRS, leading to the production of pro-inflammatory mediators; D: Scanning electron
microscopy images of biofilms formed by wild-type and mutant strains of Helicobacter pylori*’; E:

Schematic diagram of flagella type III secretion device!*®; F: A molecular model of temperature dependent
regulation of flagella expression by the GmaR-MogR System[47].
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