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Figure 5. Photographs of Petri dishes with isolated strains and biosensor cells. Vertical line—E. coli MG1655 (as negative 
control) and isolated environmental bacterial strains BCh1 and BCh2; horizontal—biosensor cells of E. coli MG1655 pVFR1 
pSVRAF sensitive to 3OC6-HSL. On the left—photograph under ambient light with annotation; on the right—in the dark, 
in the image in the middle an overlapping induced luminescence on photographs of Petri dishes under ambient light is 
shown. 

4. Discussion 
The resulting E. coli MG1655 pVFR1 pSVRAF biosensor surpasses previously created 

analogs in sensitivity to 3OC6-HSL due to the increased dosage of the regulatory gene 
(the minimum detectable concentration is 0.1 nM versus 1 nM and 5 nM previously [5,12]). 
These concentrations are close to the limitation determined by the cell volume and ability 
of LuxR, and the cell to bind and accumulate AI. An average E. coli cell volume is about 
1 μm3 [31]. When the AI concentration is 1 nM, and the AI molecules are evenly distrib-
uted in the medium, only one AI molecule can be detected in the volume of one cell. For 
the formation of the LuxR dimer and its association with DNA, at least two AI molecules 
are required. At the same time, the minimum detectable AI concentration for our biosen-
sor is one AI molecule per 10 cell volumes. Thus, at extremely low concentrations of AI, 
the activation of biosensor cells could occur either due to an accidental entry of several AI 
molecules into the cell (an unlikely event) or an AI accumulation in the cell caused by the 
AI binding to LuxR. 

It was shown for all tested luxR genes that an increase in the regulatory gene dosage 
causes an increase in the sensitivity of the biosensor to AI. At the same time, an increase 
in the background luminescence of cells is observed; a similar effect was observed with 
the traR A. tumefaciens regulatory gene [20]. The increase in the background luminosity 
(Figures 2 and 3) could be explained by a partial degradation of LuxR proteins by prote-
ases with a subsequent AI-independent activation of transcription by their C-terminal 
fragments. The AI-independent activation of luxCDABE and luxI promoters by the C-ter-
minal domain of LuxR was shown in [28,32,33]. The luxR1 protein is not subject to degra-
dation by the Lon protease and does not require GroEL/ES for assembly [22]. It is possible 
that this, along with the negative regulation of its expression [23], leads to the fact that a 
change in the dosage of the luxR1 gene does not affect sensitivity and background lumi-
nescence of the biosensor. The cloning of luxR1 under the non-QS Plac promoter resulted 
in both an increased sensitivity and an increased background luminescence (Figures 2 and 
3). This result suggests that the lack of a gene dosage effect for luxR1 is more likely asso-
ciated with PluxR1 regulation. 

An increase in background luminescence values does not prevent the use of a bio-
sensor with an increased regulatory gene dosage for AI searching in environmental sam-
ples. This is contrary to a biosensor with luxR under control of an independently inducible 
promoter—any inductor of it will result in a luxR expression induction and a false positive 
signal of the biosensor. During expeditions to the White and Azov Seas, while using an 
E. coli-based biosensor with an increased dosage of the luxR A. fischeri gene, the presence 


