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Abstract  
Quorum sensing is a code-like molecular machinery employed by bacteria for bio-communication 

in various environments, including their eukaryotic hosts. As several studies revealed that quorum 
sensing is also effective at inter-kingdom level, a deep understanding of this mechanism is of theoretical 
and practical interest. On this regard, some important issues might be addressed such as: the role of 
transposons as main molecular vehicles used to transfer quorum-sensing genes, the effectiveness of 
lateral transfer of quorum-sensing genes among commensal bacteria and the activity of quorum-
sensing genes consecutive to their integration in the eukaryote genome. Herein, we argue that 
Drosophila melanogaster is an excellent model for evaluating the lateral transfer of the bacterial 
quorum sensing genes when interacting with the eukaryotic host. 
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1. Introduction
The quorum sensing (QS) regulation system is a very intriguing molecular mechanism 

used by bacteria as an intra- and inter-kingdom molecular cross-talking. The QS processes are 
mediated by autoinducers (pheromones) and are not confined only to modulation of virulence, 
metabolism and mobility of bacteria (WILLIAMS & al. [1]), but also influence the behaviour 
of eukaryotic infected hosts, including insects (ACUNA & al., MA & al. [2, 3]). Fundamental 
biological aspects as feeding, mating and immune response of dipteran insects are influenced 
by microbial QS factors (MA & al., IGBOIN & al., SHIN & al. [3-5]). Not only commensal 
microbiota, but also external microbes are involved in inter-kingdom cross-talking (MA & al. 
[3]), which may be regarded as a code-like molecular way of communication among bacteria.  

Although there is only one case of recorded transposon-mediated QS genes transfer (WEI 
& al. [6]), we suppose that the transposon molecular vehicle could be more frequently used 
for such events than it is currently estimated. On the other hand, various studies indicate that 
transposons can exceed the species and phylum boundaries, being able to transpose among 
the genomes of very different hosts (SCHAACK & al., GILBERT & al. [7, 8]). Often, a 
transposon can incorporate and mobilize genomic sequences pertaining to its previous host, 
thus, these particular DNA sequences can integrate into another genome and in some cases 
they will also be expressed. In addition, artificial derivatives of natural transposons could be 
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employed as very reliable QS gene vectors as they are already used for stable transgenes 
integration and expression (IVICS & IZSVAK [9]).       

A straightforward way to inquire specific research topics is to connect convenient 
eukaryotic and bacteria models. Studies about innate immunity performed on Drosophila 
melanogaster (the vinegar fly, or the fruit fly) conducted Hoffmann (LEMAITRE & al. [10]) 
to be awarded with Nobel Prize in Medicine (2011), reinforcing the fruit fly as a very popular 
and efficient model in biological research. The value of D. melanogaster model is due to the 
arsenal of theoretical and practical knowledge acquired during more than one century of 
remarkable scientific research performed on this organism. One top feature of the D. 
melanogaster model is the remarkable expertise of the scientific community regarding the 
natural and artificial transposons specific to this species (KAMINKER & al., LEE & 
LANGLEY [11, 12]. The advantages of using D. melanogaster as an experimental model also 
include the rearing low-cost, a short generation time and the availability of many versatile 
mutant strains in international collections. All these facilities open a window for re-evaluating 
the experimental strategy concerning transposons and the QS mechanism. 

 
2. LTT as a mechanism for the transfer of genetic information at intra and 
inter-kingdom level 

During the last years, concomitant with the sequencing and annotations of many novel 
genomes, continuous accumulation of data reveal complex material exchanges between the 
genomes of different species. These phenomena involve the lateral transfer either of 
unspecified genomic sequences or of specific classes of mobile genetic elements between 
distinct prokaryote IC and eukaryote IC species.     

Lateral transfers of genetic material between microbiota and the host can lead to the 
integration of big fragments or even a complete bacterial genome into the host genome, as it is 
the case of Wolbachia endosymbiont (HOTOPP & al. [13]). Hotopp et al. proved that the 
endosymbiont bacteria Wolbachia pipientis (a germline, intracellular parasite in insects) is 
involved in lateral transfer of bacterial genes to eukaryotic cells (HOTOPP & al. [13]). Their 
study revealed that genomic fragments ranging from 500 bp to more than one Mb (almost the 
entire genome of W. pipientis) were transferred in the genomes of insects as D. ananassae and 
in nematodes. Surprisingly, some of the transferred genes are still transcribed in the eukaryotic 
cells, suggesting that bacterial genetic material can be functional consecutive to its integration 
into the eukaryotic host genome, an aspect that needs further investigation. The vehicles of such 
transfer are a still debatable subject and transposons are to be considered for this role. Recent 
studies discovered bacteria-like DNA integrated in human mitochondrial genome and proto-
oncogenes from somatic cells that might be involved in carcinogenesis (RILEY & al. [14]).  

Transposons or transposable elements (TEs) are mobile components of virtually any 
genome and account for evolutionary dynamics of the host genomes (FESCHOTTE & 
PRITHAM, CORDAUX & BATZER, OLIVER & GREENE, ZEH & al., SHAPIRO [15-
19]). Lateral transfer of transposons (LTT) occurring at both intra- and inter-kingdom levels is 
well supported by experimental data in prokaryotes (FROST & al. [20]) as well as in 
eukaryotes (SCHAACK & al., OLIVEIRA & al., GILBERT & al., DUPEYRON & al. [7, 21-
23]), but the biological significance of LTT is not always well understood. Arguably, the most 
numerous LTT events involve DNA transposons or class II transposons, probably due to their 
transposition particularities (SCHAACK & al. [7]). From an evolutionary point of view, it is 
interesting to inquire if the lateral transfers of this DNA entities favour the transposon itself or 



ALEXANDRU AL. ECOVOIU, ATTILA CRISTIAN RATIU  

Romanian Biotechnological Letters, Vol. 20, No. 3, 2015  10514

the host/donor organisms. LTT may represent a communication channel required for the fine-
tuning of genomic adjustments imposed by various evolutionary constrains.  

The mechanisms by which cross-species mobilization and integration of transposons 
occur are still debated, but a common consent is that for at least a fraction of them specific 
vectors, such as other transposons, viruses, bacteria, parasitoid wasps, parasitic mites, and 
intracellular parasites must be involved (SCHAACK & al., SILVA & al. [7, 24]). Some 
transposition events may not make use of an intermediary vector; instead, the transposon is 
self-controlling its own fate.      

Baculoviruses have been found to host eukaryotic TEs in their genomes hence they may 
act like molecular vectors for LTT in insects (GILBERT & al. [25]). Another study shown 
that Rhodnius prolixus, an insect preferentially feeding on the blood of various mammals, 
harbours several copies of OC1 transposons, which have more than 95% similarities with the 
ones found in the opossum genome, one of its favourite hosts (GILBERT & al. [8]). The 
transposons were delivered either by blood ingestion and direct contact with the body fluids 
of the host or by an intermediate vector for LTT, such as trypanosomes, which are 
intracellular protozoan parasites. 

LTT between prokaryotes is relatively common (TOUCHON & ROCHA [26]) and often 
involves the transfer of genes between bacterial species. Within the animal phylum, different 
classes of transposons may possess different jumping abilities. The P-element was found to be 
able to transpose only between species of Drosophilidae family, while other transposons found 
in D. melanogaster, such as those pertaining to Tc1/mariner and hAT superfamilies, can invade 
a variety of species (SCHAACK & al. [7]). These latter transposons can easily transpose when 
experimentally introduced in different organisms, even in bacteria (RUBIN [27]).  

There are only a few examples of LTT from bacteria to eukaryotes (SCHAACK & al. 
[7]); a recent study found that Fanzor1 and Fanzor2, two groups of TnpB-like proteins 
encoded by IS200/IS605 and IS607 families of bacterial insertion sequences, are widespread 
in various TEs from eukaryotes and some DNA viruses that infect eukaryotes (BAO & 
JUNKA [28]). Another study identified an IS5-like insertion into a bdelloid rotifer, but the 
mobile element seems to be transcriptionally inactive (GLADYSHEV & ARKHIPOVA [29]).  

LTT is important not only because it facilitates the introduction into a new genome of a 
supplementary transposon copy, but also because transposons can intermediate specific gene 
transfers between species. The gene encoding for HhMAN1 mannanase was horizontally 
transferred from gut bacteria to the genome of the host Hypothenemus hampei (the coffee 
berry borer beetle) and it is active according to the biochemical assay (ACUNA & al. [2]). 
The phylogenetic studies point out that HhMAN1 is a close homologue to Bacillus clade and 
the local genomic sequencing revealed that HhMAN1 is bordered by eukaryotic transposon 
sequences, similar to Tc1/mariner and hAT superfamilies. Based on this data, the authors 
consider the hypothesis that the horizontal transfer of HhMAN1 was mediated by transposons.  

The QS in Serratia marcescens is relatively well known (VAN HOUDT & al. [30]). Wei et 
al., reported the discovery of a mobile QS system located in TnTIR transposon (SpnIR-TnTIR) in 
bacterial strain SS-1 of S. marcescens (WEI & al. [6]), leading to the hypothesis that QS genes or 
whole gene QS modules may be transferred by LTT more often than expected. The SpnIR is a 
LuxIR-type QS system and it is involved in the negative regulation of the transposition frequency. 
The study emphasises the fact that the respective complex transposon is mobile between plasmids 
and chromosomes of S. marcescens and E. coli in a bi-directional manner. The transfer of a 
mobile QS system between different bacteria set up the scene for dramatic changes in the 
virulence profile of the receptor bacteria. The occasional alliance between transposons and QS 
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genes is not an exotic one, as long as, for example, the versatile transposon carriers can also 
propel antibiotic resistance evolution (DEVAUD & al., STOKES & al. [31, 32]).  

D. melanogaster has a relatively low profile of commensal bacteria in normal conditions 
(CHANDLER & al., WONG & al. [33, 34]) and S. marcescens resident is one of the most 
commonly used bacteria in experiments involving the fruit fly (GALAC & al., NEHME & al. 
[35, 36]). Other bacterial species are also well suited for contamination by ingestion or 
pricking in experiments targeted to decipher various interactions between microbiota and host 
(BASSET & al., LIEHL & al., STOLTZ & al., CASTONGUAY-VANIER & al., SEBALD & 
al., PANAYIDOU & al. [37-42]). 

The afore-mentioned studies regarding the dynamics of genetic material transfer and 
transposon mobilization lead us to consider that transposons may be actually widely involved in 
transferring by LTT various genomic sequences, including QS mobile systems, the latter ones 
contributing to the evolution of QS phenomena. Additionally, to interpret that some inter- or intra-
kingdom LTT events represent QS-like phenomena per se may be an alluring hypothesis. 

Our experience with D. melanogaster as a model for pathogen bacteria-host interactions 
leads us to propose future experimental approaches in order to address the physiology of QS 
genes upon lateral transfer (unpublished data).  

One possible methodology would be the use of artificially designed transposon vectors to 
deliver QS genes modules into the germline of D. melanogaster. The technology for inserting 
transgenic constructs in D. melanogaster is a routine one, and the diversity of the transgenic 
constructs is limited only by the researchers’ imagination. There is a increasing number of 
studies reporting the use of transposon systems in order to deliver genomic-cassettes containing 
various transgenes, even in sensible research areas such as human gene therapy (IVICS & 
IZSVAK [9]). It would be relevant to find out if bacterial QS genes cloned in artificial 
transposons and inserted in D. melanogaster genome are expressed, if the QS signal molecules 
can influence the expression of other resident genes and if they are exported and effective on 
microbiota residing in the fly gut. Such an experimental approach would raise a new 
perspectives for using D. melanogaster model in medical studies concerning intestinal diseases, 
where QS phenomena are a key aspect in the specific pathology (SPERANDIO & al., KAPER 
and SPERANDIO [43, 44]) or for developing of new antibiotic strategies. Alternatively, SpnIR-
TnTIR or equivalent constructs may be cloned in fruit-fly specific artificial transposons and 
further inserted in D. melanogaster genome in order to investigate if QS-like physiological 
responses are induced. Similar experiments were performed on transgenic tobacco and potato 
plants (DONG & al., GONZALEZ & KESHAVAN [45, 46]) where the transfer of the bacterial 
gene encoding the lactonase enzyme determined a high resilience to high density microbial 
populations. A complementary methodology would be to quantify how the microbial gene 
expression is affected by QS molecules secreted by the host gut cells, as compared to the 
influence of QS molecules exported by microbes upon the eukaryotic gene expression profile. 

An interesting scenario would be to test if transgenic fruit flies which harbour stable 
insertions of QS modules in their genome are enabled to defense more efficiently against bacterial 
infections. If these fruit flies are able to produce and express QS molecules, is the bacterial cross-
talking mechanism disturbed or even neutralized? If the answer is positive, a similar 
biotechnological approach may be tested as an alternative for the conventional antibiotherapy. 

A different experimental strategy involves cloning of QS genes in transposon-derived 
vectors which are then transferred into bacteria in order to monitor the ability of such constructs 
to mediate LTT in a similar way to that of antibiotic resistance transfer. A complex in vivo 
model represented by D. melanogaster, S. marcescens and Pseudomonas aeruginosa may be 
employed for a detailed investigation of QS through harvesting mobile QS genes batteries. 
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Regardless of using naturally occurring mobile entities like SpnIR-TnTIR transposon or 
exploiting artificial constructs, it is important to find out if such modules may be steadily 
integrated and expressed into host genomes or, when applicable, transposed by LTT among 
commensals inside the D. melanogaster gut or between S. marcescens and P. aeruginosa. 

A perspective model is the co-infection of D. melanogaster with bacteria hosting SpnIR-
TnTIR along with bacteria free of SpnIR-TnTIR. In this hypothetical model, a S. marcescens 
SS-1-like strain may be inoculated in D. melanogaster by ingestion along with P. aeruginosa 
PAO1 strain, in order to address the following particular questions. Is it feasible that the 
SpnIR-TnTIR is transferred in situ to P. aeruginosa? How such a transfer would affect the 
behaviour of P. aeruginosa? Can SpnIR-TnTIR be transferred to other commensal bacteria? 
What are the effects of such transposition events on the fly host? Microarray, qRT-PCR or 
microfluidic digital PCR (OTTESEN & al. [47]) are powerful experimental platforms which 
can be used to interrogate changes of the expression levels of various genes of interest 
involved in cross-talking among commensal bacteria and between these bacteria and the host 
D. melanogaster, consequently to the transfer of SpnIR-TnTIR or of similar QS gene modules.  

Different functional aspects of QS genes are affected when they are embedded in a mobile 
element as SpnIR-TnTIR and their identification would reveal if their regulatory DNA sequences 
were insulated from the influence of the rest of the genome. It is well known that the expression 
of genes cloned in artificial transposons is influenced by position and dose effect consequent to 
transposon insertion in the host chromosome (ROSEMAN & al., ROSEMAN & al. [48, 49]). The 
QS genes carried by transposons may become a stable component of the receptor DNA, 
consequent to the transposase-mediated insertions into a new eukaryotic genome (Figure 1). It is 
reasonable to assume that the efficiency of SpnIR-TnTIR or other transposon for triggering QS 
events may be tuned both by the copy number and by various genomic regulatory sequences 
located close to the insertion site (ECOVOIU & al. [50]). Therefore, it is necessary to map the 
insertion sites in a very accurate manner, which may be accomplished by PCR techniques and 
sequencing of the specific amplicons. The genome-transposon junction sequences are then 
scanned with bioinformatics tools to identify the insertion coordinate at nucleotide level.  

 

 
 

Figure 1. A model for the transportation and integration of a QS gene (QSG) into the genome of a eukaryotic host’s cell by means 
of a transposon vehicle. The transposase-transposon-QSG complex enters the cell in the attempt to reach the nucleus (the white 

circle). If the transposase (represented as a semicircle) fails to deliver the transposon-QSG hybrid molecule to a host chromosome, 
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the mobile DNA will be enzymatically degraded. If the transposon successfully integrates within a chromosome, the QSG will either 
be silenced or it may be expressed, depending on the local genomic environment (the position effect). If QSG is expressed, the QS 

autoinducers (represented as hexagons) are produced and released. 
A special attention should be paid to the fact that LTT could also occur as a local 

interspecific phenomenon. Natural or artificial transposons inserted in various bacterial hosts 
may be theoretically jump from bacteria to the gut lining cells of fruit-fly host and integrated in 
their DNA. We believe that such events are not just exceptions of the bacteria-host interactions 
and that the complete sequencing of cells’ genomes from selected gut tissues should provide 
very interesting results. Hotopp et al. (HOTOPP & al. [13]) correctly remark that the DNA 
sequences of bacterial origin are currently removed from eukaryotic genome sequences during 
the annotation process, because are regarded as contaminants. Therefore, it is theoretically 
possible to loose valuable genetic information gained by horizontal transfer from bacteria, an 
aspect which may raise attention towards developing a new paradigm for genome annotation. 
Recent work reveals that bacterial DNA becomes integrated in the genome of human malignant 
cells and LTT-mediated transfer should not be excluded from the list of the possible molecular 
vehicles for these exotic insertions (RILEY & al. [14]). Local somatic cell transposon 
integration could be more frequent than expected and could explain the wide spectrum of 
individual responses to particular bacterial infections. If a host like D. melanogaster integrates 
QS modules in some of its gut cells, such an event could trigger effective local responses 
consecutive to the interactions with commensal or invasive bacteria. 

 
3. Conclusions 

The SpnIR-TnTIR case is a specific example of LTT-mediated evolution which shapes 
the QS cross talking mechanism. Since LTT is a straightforward way to transfer genetic 
material, we speculate that transposons could act as common carriers of QS genes between 
different organisms. It is tempting to inquire if LTT between commensal bacteria contributes 
to inhibition of swarming, swimming or cell division of bacterial cells during the competition 
process, or if commensal bacteria cooperate by means of the transferred QS genes. We 
propose an experimental strategy relying on D. melanogaster model which may offer new 
keys for deciphering relevant QS mechanisms. One important aspect is to find out if, once 
occurring, the effects of LTT-mediated transfers are stable throughout the generations of the 
subjected fruit flies. Another critical physiological aspect is to learn if the transferred QS 
mobile modules significantly modify the expression level of both specific genes pertaining to 
bacteria living in the insect gut and also of genes involved in the immune response in D. 
melanogaster. Finally, it is provocative to investigate if other mobile QS modules similar to 
SpnIR-TnTIR are present in commensal bacteria hosted by D. melanogaster. Several 
experiments support horizontal transfer of LuxI and LuxR regulatory genes among various 
bacteria, but none of them mentions the molecular vehicle of transfer (GRAY & GAREY, 
LERAT & MORAN, BOUCHER & al. [51-53]). It would not be a big surprise if further 
investigations would reveal that at least some of the described transfers are mediated by 
transposons. According to the experimental history in this research field, D. melanogaster is 
the perfect host to inquire intricate topics of transposon biology. If the above mentioned items 
are positively answered, a new implicit query arises: is the transfer of QS modules via LTT 
merely an invasion or does it represents a critical step towards construction of new 
socialization frameworks among bacteria living in the same ecosystem?  

Harnessing the power of D. melanogaster model would contribute to a better 
understanding of several hot research topics such as: the evolution and dynamics of QS 
mechanism; how bacteria manage to transfer QS genes; what is the extent of LTT as an intra- 
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and inter-kingdom shuttle mechanism for QS genes; and how it contributes to the infective 
potential acquired by commensal or environmental bacteria upon the transfer.  
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