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What is Quorum Sensing (QS)?
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▪ A luminous marine bacterial species, 
Vibrio fischeri (Nealson et al., 1970)

• Cell density-dependent process, But 
“more than just a numbers game”(Xavier 

and Bassler, 2003)

(Chen & Andrejevic, Lights. camera. action! how the Hawaiian bobtail squid brings a creative vision to its maritime world of 
small big screens 2021)

“Hawaiian Bobtail Squid” is licensed under CC BY-NC 4.0.

Hawaiian bobtail squid 
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https://wellcomecollection.org/works/vugpdh9x
http://creativecommons.org/licenses/by-nc/4.0/?ref=ccsearch&atype=rich


QS mechanism of V. fischeri
• The luminescence gene(lux) found in 1980s 

(Engebrecht et al., 1983)(Engebrecht and Silverman, 1984)

1. Highly conservative LuxI gene, which 

encoded to produce acyl-homoserine lactone 

(AHL) autoinducer

2. Highly variable receptor LuxR protein among 

species

• The luxCDABE genes of V. fischeri, encoded 

LuxICDABE operon transcribes luciferase 

enzyme 
(Prescott and Decho, 2020)
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(Remy et al., 2018)

Gram-negative 

Consist of acyl-
homoserine lactones 
(AHLs) for passive 
diffusion through the 
cell wall

Gram-positive

Made of peptide 
(AIP) for actively 
transported through 
peptidoglycan cell 
wall via the ABC 
transporter system

Autoinducers
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Quorum Sensing in infection
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Cystic Fibrosis and P. aeruginosa

(Reyne et al., 2023)
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QS Circuitry
• The las and rhl are interconnected 

hierarchically

• The las- and rhl-encoded regulons 
regulate genes to produce major 
virulence factors, such as LasB
elastase and rhamnolipids, which 
promote early infiltration of 
primary human airway epithelia

• PQS system relates to the lung 
tissue damage 

(Lee and Zhang, 2015)

3OC12-HSL

C4-HSL

9



The addition of the AHLs restored the surface motility zones (Yeung et al., 2012)

las mutated P. aeruginosa rhlI mutated P. aeruginosa
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Social Cheater Hypothesis 

• Evolutionary theory predicts that the cost of performing 

cooperative behavior leaves a population vulnerable to 

social cheating (Diggle et al., 2007). 

• Social cheaters use the resources made by the QS wild-

type without contributing to the generation of public 

goods
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• RhlR act independently of LasR regulation, remaining active in 

the QS system

• In E90, RhlR but not LasR is the critical determinant of 

cytotoxicity
(Cruz et al., 2020)

• P. aeruginosa E90, a LasR-null, RhlR-active chronic infection 
isolate from cystic fibrosis patients

12



Quorum Sensing and Antibiotic 
Resistance 
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Urgent crisis of 
AMR 

(United Nations Environment, 2023)
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(Wang et al., 2023)

Evolving under 
antibiotic treatment 
in individual 

Increase 
drug efflux 
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Biofilm and Persisters
• The extracellular polymeric substance 

(EPS) promotes mechanical stability, 
adhesion  and cohesive bonding between 
the bacterial networks

I. Polysaccharides (alginate, Pel and Psl)
II. Proteins
III. Extracellular DNA (eDNA)
IV. lipids

(Liu et al., 2024)

16



New antibiotic  
target?
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Synectic effect? 



Summary 
• Quorum-sensing is a cell density-dependent behaviour, that collectively works to enhance survival 

and Pathogenicity 

• V. fischeri utilises QS to behave symbiotically with the Hawaiian bobtail squid 

• P. aeruginosa exhibits various virulence factors regulated via QS, which induces a higher mortality rate 

and chronic infection in CF patients

• Quorum sensing (QS) plays a significant role in the development and expression of antibiotic 

resistance in bacteria
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Thank you for 
your listening 

Copyright ©  2023 Bassler, Greenberg and Silverman
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