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grow outward from the point of inoculation without forming any pattern. Deziel and coworkers 

compared swarming motility of various strains of P. aeruginosa obtained from different sources 

and studied their swarming motility under identical swarming conditions.176 Based on this study, 

some strains were capable of forming tendrils but some were not under similar swarming 

conditions (Figure 3.2).176 PAO1 strain used in this study does not form tendrils while swarming 

and rather swarms like PAO1-Lory and PG201 strains from Figure 3.2.  

 

(
�����+���  Swarm patterns of different P. aeruginosa strains on semisolid surface (0.5% agar). 

[Reprinted with permission from Citation: Eric Déziel, (2008), “Improving the reproducibility of 

Pseudomonas aeruginosa swarming motility assays” Journal of Basic Microbiology (48), 509-

515; Copyright: 2008, WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim.] 

3.1.5 Importance of flagella in swarming    

                                                                                                                       

Flagella have been demonstrated to be critical for carrying out swimming motility 

associated with planktonic bacteria. Apart from their role in swimming motility, flagella also 

play an important role in swarming process associated with bacterial swarm colonies.166 



 
 

Generally, it is reported that, for swarming on a surface, bacteria modify their phenotype and go 

from vegetative swimming cells having only one flagellum to hyper-flagellated swarmer cells 

having a peritrichous arrangement of flagella along the surface.167 Swarming entails that a group 

of cells move side-by-side to each other and such an association is called a raft. The existence of 

raft formation has been demonstrated in Proteus mirabilis with the aid of scanning electron 

microscopy and an integrity of rafts is attributed to the bundling of flagella.177  

There are phenotypic differences between the swarming cells at the edge of the swarm 

colony and the cells at the center of the swarm colony.167 Hyperflagellated swarming cells found 

on the swarm edge are more elongated (3-4 µm) than the cells in the center of the swarm colony 

(2 µm).167 Kohler and coworkers demonstrated that the deletion of the gene responsible for 

flagellar biosynthesis in P. aeruginosa resulted in generation of a nonswarming mutant strain.167 

P. aeruginosa is known to use a single polar flagellum to enable the swimming process. But 

during swarming, P. aeruginosa produces a second polar flagellum and also synthesizes an 

alternative motor system to rotate the flagellum and enable movement through viscous 

environments.166, 172 

3.1.6 Requirement of pili in swarming of P. aeruginosa 

 

Pilus is one of the appendages present on the bacterial surface and are known to facilitate 

initial adherence to the surfaces.142 Particularly, the type IV pili of P. aeruginosa recognize 

carbohydrate epitopes present on human epithelial cells and enable adhesion.50, 140 Kohler and 

coworkers reported that the existence of type IV pili in PAO1 strain is necessary for swarming 

on semisolid surface.167 They reported that, while PAO1 could swarm on a semisolid surface its 

pili mutant, pilA that lack type IV pili was unable to swarm. However, in two different studies, 



 
 

O’Toole et al and Kornberg et al showed that the requirement of type IV pili for swarming in 

another P. aeruginosa strain, PA14 was not important.172, 178 These contradictory reports that IV 

pili may or may not be important could manifest from different experimental conditions or 

different bacterial strains.  

3.1.7 Quorum sensing controls swarming 

 

Many studies have brought forward the role of bacterial quorum sensing (QS) in 

swarming motility.179  These include the acyl homoserine lactone (AHL, AI-1) based expression 

of genes that control the synthesis of biosurfactants that are required for swarming. For example, 

the LuxI and LuxR system of genus Serratia control the production of biosurfactant 

serrawettin.180 Another example is the secretion of biosurfactant rhmanolipids by P. aeruginosa 

which is under the control of las and rhl quorum sensing systems of the bacteria.124 It has also 

been demonstrated that, AHL mimics can modulate the swarming of S. liquefaciens, E. coli, B. 

subtilis and Acinetobacterium  baumanni.181 Relation between AI-2 mediated QS and swarming 

was found in Proteus mirabilis and Vibrio parahaemolyticus. It is also known that QS regulates 

the differentiation of swarmer cells that are required for the swarming process.  

Study by Kohler et al. in 2000, showed that the swarming of P. aeruginosa is dependent 

on quorum sensing circuits, las and rhl.167 In their study they used lasI, lasR, rhlI and rhlR 

mutants of wild type P. aeruginosa. As per the hierarchy of P. aeruginosa QS circuits, the las 

system controls the rhl system which further controls the rhlAB operon that eventually controls 

the biosynthesis of rhamnolipids. Among the four mutants, swarming of lasI and lasR mutants 

was reduced but the swarming of rhlI and rhlR mutants was completely abolished. The complete 

inability of rhlI and rhlR mutants to swarm could either be attributed to lack of flagellar 


