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Publishable final activity report
Mobile DNA provides a major contribution to the spread of antimicrobial resistance, by recruiting new resistance genes in bacterial pathogens and facilitating their horizontal spread. While much is known about individual resistance genes and mechanisms, the nature of the mobile elements and their transfer mechanisms have been clarified only in few cases, and very little is known about their molecular epidemiology. A comprehensive understanding of these aspects could provide a significant breakthrough toward combating dissemination of resistance determinants.

The DRESP project aimed at investigating these aspects, focussing on few major families of genetic elements that carry a number of important and emerging resistance determinants: i) the double resolvase elements of gram-positive cocci, ii) the conjugative transposons; iii) the integrons, and (iv) plasmids which are the principal carrier for mobile and non mobile elements.

The GENERAL OBJECTIVES of DRESP were: a) to investigate the molecular epidemiology of the selected families of mobile elements in clinical and environmental situations; and b) to carry out structural and functional analysis of these genetic elements to elucidate transfer mechanisms and their regulation, and to identify possible common molecular themes underlying these functions.

Project web-site: http://www.dresp2.com/ 

Problem
Antibiotic resistance remains a major clinical and public health problem despite the availability of very potent antibiotics. While it is clear that antibiotics are pivotal in the selection of bacterial resistance, the mechanisms of spread of both resistance genes and of resistant bacteria can be very diverse. Mobile DNA provides a major contribution to the spread of antimicrobial resistance, by recruiting new resistance genes in bacterial pathogens and facilitating their horizontal spread among microbial populations. Although the acquisition of new resistance genes is an important factor in the increasing incidence of resistant strains, the nature of the elements carrying the resistance genes and their transfer mechanisms have been clarified only in a few cases, and very little is known about their molecular epidemiology. Moreover, a critical, but often under-appreciated feature of elements carrying resistance genes is their stability: these elements are often able to be integrated into and maintained by new hosts without antibiotic selection, demonstrating that resistance can be  very hard to reverse. This feature explains the spread of resistance among community-acquired pathogens not commonly under antibiotic pressure.

Aim:

DRESP2 is a multidisciplinary project in which the scientific synergism and technical complementarities of the participants is coordinated for a innovative proposal on the characterisation of the molecular mechanism(s) underlying mobility of genetic elements carrying antimicrobial resistance genes. This characterisation will be performed applying up to day post-genomic technologies (Comparative genomics, DNA and RNA micro-arrays, gene chip technology, PCR rep typing, quantitative and high throughput real-time PCR), in addition to more established biomedical (antimicrobial resistance surveillance) and biotechnological approaches (mutant construction and recombinant protein production), to the analysis of selected classes of genetic elements. The mobile genetic elements chosen are the prototype elements responsible for the spread of antimicrobial resistance in the last decade. The genetic elements selected are (i) the double resolvase element responsible for the recent spread of  the macrolide efflux determinant (mef(A)) in Gram-positive Streptococci, (ii) the still un-described double resolvase element responsible for beta-lactam resistance in anaerobic Gram-negative cocci, (iii) the integrons responsible for spread of a broad repertoire of resistance genes in Gram-negative bacilli, (iv) the conjugative transposons responsible for spread of vancomycin resistance in Enterococci, and (v) plasmids.

While there are a plethora of resistance determinants, the number of genetic elements responsible for their sensational evolutionary success  is limited. Unfortunately, most industrially financed research focuses on determinants of resistance, mechanisms of resistance, and novel compounds, neglecting the possibly most important feature for public health which is the efficiency of spread which is intimately and exclusively linked to the genetic elements. The DRESP proposal through, (i) fine characterisation of molecular mechanisms behind mobilisation, (ii) cross linking of epidemiological and evolutionary data, and (iii) broad spectrum gene expression profiling, in elements of evolutionary very distant organisms, is expected to produce innovative results. The value of the results of the DRESP proposal, including licensable tools for diagnosis and public health monitoring, will not be restricted to the elements studied, but are expected to add fundamental knowledge  to the field of study encompassing all mobile genetic elements and  on antimicrobial resistance spread in general.  

Results obtained: 

During the progress of the DRESP2 project an exceptional amount of data were produced and made available to the scientific community by publication in scientific journals and books and through the project web page. Data range from genomics, to epidemiology, nomenclature and the molecular function of mobile elements. The DRESP2 project produced so far over 120 publications acknowledging specifically this funding source. 

Key contributions in this extensive list of data are the description and application of a new techniques for molecular replicon typing of plasmids and the description of  antibiotics as signalling agents.
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