
PROJECT TYPE: EXPLORATORY RESEARCH PROJECTS - PN-II-ID-PCE-2011-3 

 

FINANCING SOURCE: UEFISCDI 

 

PROJECT CODE: 154/2011 

 

PROJECT TITLE: Effects of P. aeruginosa quorum sensing molecules on Drosophila 

genome: a new tool to identify candidate genes involved in host-pathogen crosstalk 

 

PROJECT SUMMARY: 

Pseudomonas aeruginosa, an emerging multi-drug resistant organism, one of the major 

contributors to morbidity and mortality in opportunistic and nosocomial infections, 

communicates intra-species and with the eukaryotic hosts by cross-kingdom inter-cellular 

signaling mechanisms such as quorum sensing (QS), relying on low-molecular weight 

excreted molecules, to control the production of virulence factors. The P. aeruginosa QS 

signaling molecules (QSSMs) have in vitro pleiotropic effects on eukaryotic cells. In the 

present project we propose an original, integrative in vivo approach for the investigation of the 

way in which such signaling molecules modulate the Drosophila melanogaster genome, in 

order to identify the most sensitive eukaryotic genes targeted by the QSSMs and the specific 

orthologous genes in the Homo sapiens genome. In order to accomplish our purpose, we will 

evaluate the phenotypic effects of QSSMs and viable P. aeruginosa cells (virulent versus 

quorum sensing defective strains) on D. melanogaster wild type and mutant strains, highlight 

the genes expressing a significant up- or down-regulation, identify by bioinformatics the 

orthologous human genes, assess the effects of P. aeruginosa QSSMs and viable P. 

aeruginosa cells on the respective genes profiles in the human eukaryotic cells and finally 

formulate the clinical contribution of our findings to future development of novel therapeutics 

for a multitude of infectious and immunological diseases. 
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PROJECT OBJECTIVES: 

In the present project, we propose an original, integrative in vivo approach for the 

investigation of the way in which P. aeruginosa QSSMs modulate the genome of D. 

melanogaster, in order to further identify significantly up- or down-regulated genes. Our in 

vivo approach concerning gene expression modulation by QSSMs molecules is intended to 

reveal genes involved in the immune response, but also genes involved in other stress 

adaptive response pathways, such as apoptosis. This integrative model will allow us to 

identify specific orthologous 

genes in the genome of Homo sapiens and to investigate how they are modulated by QSSMs . 

Since the concentration of the synthetic QS molecules is controllable, we will be able to 

simulate different scenarios of infections with various bacterial charges and to monitor 

accordingly the modulation of the transcription rate of GOIs (genes of interest). In order to 

accomplish our purpose, the following objectives will be followed: 

Ob.1: Evaluation of the phenotypic effects of QSSM and viable P. aeruginosa cells (virulent 

versus quorum sensing defective strains) on D. melanogaster wild type and mutant strains. 

Ob.2: Highlighting the gene expression profile of inoculated/infected fruit flies versus 

untreated organisms. 



Ob. 3: Bioinformatic analysis of the functions of the genes expressing a significant up- or 

down-regulation and identifying orthologous human genes. 

Ob. 4: Assessment of the effects of P. aeruginosa QSSMs and viable P. aeruginosa cells 

(virulent versus quorum sensing defective strains) on the identified orthologous human genes 

expression and subsequent phenotypic traits using eukaryotic cells in culture. 

Ob.5: Formulation of the clinical significance of the findings, based on the evidenced 

bioactivities of the chemically defined QSSMs. 

Ob.6: Project management, dissemination of results and human resource development 

 

PRELIMINARY RESULTS 

Drosophila melanogaster represents a genetically tractable model for studying the 

mechanisms used by the infectious microorganisms to colonize the healthy individuals. 

Taking into account that native microbiota plays an important role in the host resistance to 

colonization, in a first step we have assessed the diversity of the whole microbiota of D. 

melanogaster belonging to different lineages used in the project, the results demonstrating the 

microbial diversity is significantly varying among different genetic lineages, indicating the 

necessity of investigating the resident microbiota of a certain D. melanogaster line before 

using it as a potential candidate for the in vivo investigation of microbial infection and 

pathology. Further, we performed the microarray studies and selected 13 D. melanogaster 

genes with significant altered expression profiles during P. aeruginosa infection, out of which 

6 have human orthologues. The evaluation of the expression of these genes in mammalian cell 

cultures will enable us to select the most responsive human genes as new valid model genes 

for the study of the eukaryotic host-bacterial pathogens interactions.  

The results obtained by microarray were further confirmed by real-time PCR, after 

experimental infections of young D. melanogaster males induced by feeding and by pricking, 

both in the whole body and at the intestine level. The relative expression level for some genes 

of P. aeruginosa involved in quorum sensing (QS) processes was also analyzed. We used fly 

males from the Oregon control strain and gammaCop
14a

/gammaCop
14a

 mutant males.   

Four genes have been selected to be checked by qRT-PCR, namely gammaCop, trpl, CG9466 

and CG9468. Furthermore, we have analyzed the variation of expression levels for the 

reference genes DptB and Dro, known to be involved in the immune response. The qRT-PCR 

experiments have revealed the following aspects:  i) when infected by pricking, the DptB and 

Dro genes are over-expressed in the whole body of infected Oregon males, as compared to 

the control. These data fit with the experimental results obtained on D. melanogaster larvae 



(Vodovar et al., 2005). Dro gene is also over-expressed in the body of 

gammaCop
14a

/gammaCop
14a

 mutants, after infection by pricking. Nevertheless, Dro is 1.4 

times under-expressed in the intestine of the mutants infected by feeding which suggests that 

their genetic background affects the expression of Dro gene during P. aeruginosa infection.   

The  gammaCop gene is significantly over-expressed when infection with Gram-negative 

bacteria occurs. This gene might be involved in the cellular transport processes in hypoxia 

conditions induced by the development of P. aeruginosa at the pricking site (Legendre et al., 

2012). The fact that, in mutant males, gammaCop gene is defective might influence its 

recruitment and usage by the immune system in the intestine, altering the expression of other 

genes which interacts with when forming an immune response.  For trpl gene we were unable 

to identify a consistent pattern for the variations in its expression. Taking into account the 

biological processes in which trpl gene is involved (Agam et all., 2000; Xu et all., 2000; 

Zhang et all., 2013), it is possible that the expression level of trpl was influenced by events 

outside the experimental infection (for example, the light stimuli to which the males were 

inherently subjected during the infection protocol). The CG9466 and CG9468 genes are 

significantly under-expressed in case of infection by pricking, both for Oregon males and 

gammaCop
14a

/gammaCop
14a

 mutant males. In the intestine, CG9468 is over-expressed in both 

male categories, while CG9466 is over-expressed only in the intestine of Oregon males, 

which might support an interaction between gene expression and genetic background of the 

mutants. In addition, it was shown that the expression level of rhlI gene, known to be part of 

QS modulation in P. aeruginosa, is influenced by the genetic background in which the 

infection occurs.  The data from these experiments were obtained by using multiple biological 

replicates and support the hypothesis that an exchange of information occurs between D. 

melanogaster and P. aeruginosa, most probably mediated by QS molecules. A result of this 

host-parasite communication is the variation in the expression of target genes, as revealed 

both in the fly males and in P. aeruginosa, as it is the case of  rhLII gene. 
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