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Characterization of bacterial swarming motility: a review
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Abstract: Swarming motility is a typical synergistic motion, in which bacteria use flagella and
Type IV Pili together to move collectively on semi-solid surfaces. Swarming motility is a hot
topic of research in the field of microbiology because of its close relationship with biofilm
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formation, fruiting bodies formation, pathogen invasion and microbial dispersal and symbiosis.
A large number of studies have been conducted on bacterial swarming motility, including
changes in the expression of key proteins, changes in chemical communications between
bacteria as well as mechanical changes. The expression of flagellin and the level of intracellular
c-di-GMP complicatedly regulates the collective behavior of bacteria in colonies, which
consequently impacts the swarming motility. The unique physical properties of swarmer cells
are conducive to the expansion of the whole colony. Factors such as nutrient and water content
in the surrounding growth environment of bacteria also affect the ability of bacteria to swarm to
different degrees. It is challenging to construct a universal model of swarming motility based on
the molecular mechanisms of swarming in the future.

Keywords: swarming motility; flagellin; c-di-GMP; aspect ratio; amino acid
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Figure I The molecular biological mechanisms of swarming motility!***®). A: Primary structure of MotB and
MotB (A72-100). Salmonella MotB contains 309 amino acids and has a single transmembrane domain (“TM”,
residues 30—50) and a periplasmic region including an OmpA-like domain (residues 149—269) with a putative
peptidoglycanbinding (PGB) motif (residues 197—226). B: The bacterial swarming motility signaling pathway

mediated by c¢-di-GMP. C: Rhamnolipid biosynthesis pathway in P. aeruginosa regulated by AHLs (modified
from reference[36]).
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Figure 2 Characterization of swarming behavior at the single-cell scale®***. A: The swarming phases from
microscopic dynamics. a: Typical images for different phases of swarming; b: For each phase, simulations
were run with the cell shape, motility, and density extracted from the particular phase as input parameters.
(Scale bars, 10 um); c: Cell speed and cell density corresponding to different phases of swarming, the circles
represent experimental values and the boxes represent simulated values. B: Optical flow analyses of the
swarm edge. a: The mean speed and mean absolute vorticity as a function of cell aspect ratio; b: The scaled
fourth moment (kurtosis) of the velocity and vorticity fields as a function of the aspect ratio. C: Directional
differences between individual cells and flow. a: An example trajectory of an individual bacteria (blue line),
superimposed with the collective flow (black arrows), cell orientation (pink bar), and instantaneous cell
velocity (red arrow); b: Distribution of angles between cell orientation and the flow vector field at the same
position and time. Immotile cells tend to be aligned with the flow while WT exhibit large deviations. The
von-Mises distribution fits the results poorly, which demonstrates the significant differences between
immotile and WT cells while moving inside the active swarm, and exposes the complex importance of
self-propulsion of the cells.
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B3 SHIEERIRAE0.4%)FE(0.6%)IRAE LE K 40 h j7, BEREEIEE SR NIETHE £ AURFRE
EEREEH (2, e): BATHEREE. 0, 0: FHEHNZHMEEIZR. (¢, g): Pma:gfp 454 2 EEIR.
(d, h): b/e MENNER S flg BRI BERRNR ™ E TR AT RFR A LA, FAR R IR =30 mm;
2 inEZ H R =200 mm

Figure 3 Pseudomonas aeruginosa swarming after 40 hours for a rhamnolipid fluorescence reporter wild-type
strain growing on soft (0.4%) and hard (0.6%) agarm]. (a, e): Entire swarm colony. (b, f): Phase-contrast image
of swarm edge. (c, g): Fluorescence of Prya::gfp fusion. (d, h): Overlay of b+c and f+g showing proximity of

rhamnolipid production to the swarm edge. Whole plate scale bar=30 mm; Overlay scale bar=200 mm.
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