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Introduction 
Pseudomonas aeruginosa is an opportunistic bacterium that is frequently found in patients
with cystic fibrosis, burn wounds, and various immuno-compromised conditions. The
bacterium is known to produce various virulence factors through group communication
behaviors known as quorum sensing. Here we report that autolysis or self-killing is a
socially beneficial behavior of the bacteria and compare the wild-type and a mutant strain
(deficient in one of the transcriptional activators of quorum sensing). Some of the group
behaviors that are compared in the study are the ability of the bacteria to undergo
programmed cell death or autolysis, the ability of the bacteria to produce the blue-green
pigment pyocyanin which is toxic to many gram-positive bacteria and animal cells, and the
ability of the bacteria to form biofilms.
Bacterial cell death is an interesting phenomenon because it plays a crucial role in many
important processes. Bacterial cell death does not just occur in the late stationary phase
when nutrient limitation can lead to starvation. But instead begins in the early stationary
phase for some bacteria because of the phenomenon of autolysis. Our hypothesis is that
there is a direct relationship between quorum sensing and programmed cell death of the
bacteria and there are community benefits of the sacrificial suicide by autolysis of the
bacteria P.aeruginosa. To address this, we are comparing the wild type and a mutant strain
(RhlR mutant) of the bacteria in their abilities to undergo autolysis and biofilm formation
(along with pyocyanin production). This study will provide a basic understanding of some
of the fundamentally misunderstood concepts of bacterial behaviors. Group behaviors and
community benefits are underestimated in bacteria and to this end, these studies provide an
important insight into the global problem of antibiotic resistance.

RhlR Mutant 
RhlR is a quorum sensing receptor and transcriptional regulator in Pseudomonas
aeruginosa that activates the transcription of various virulence factors. Specifically, RhlR
promotes the expression of genes coding for pyocyanin, biofilm formation, elastases, along
with genes for many other virulence factors. Clinically, RhlR mutants almost never exist
while bacteria containing mutations in other quorum-sensing genes naturally occur in
patients. This implies that RhlR mutants are not as virulent and that this gene is essential to
the pathogenicity of P. aeruginosa. The goal of our research is to use biofilm formation and
pyocyanin production as biomarkers to compare the pathogenicity of wild type versus the
RhlR mutant strains. Also, there is very limited information on the role of pyocyanin
production on biofilm formation and we hypothesize that P. aeruginosa uses a novel
mechanism known as “autolysis or sacrificial killing” which is bacterial apoptosis.
Pyocyanin contributes to autolysis to form stronger biofilms. To test this hypothesis we
looked at the autolysis ability of the wild type versus mutant strains along with the other
biomarkers: biofilm formation and pyocyanin production.

Figure 1. Major quorum sensing circuits in P. aeruginosa 
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Conclusion / Future Directions
• RhlR mutants have much attenuated virulence compared to the wild-
type strain and various genes that are under the control of RhlR can be
evaluated as potential drug targets

• Future experiments will include antibiotic testing on the wild type and
the mutant strains; gene expression analysis of the wild type and the
mutant strains to identify the differentially expressed genes in the QS
circuit of the RhlR transcription factor
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