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Our team studies the molecular mechanisms involving helicases. These proteins are known for instance to play a role involved in the separation of the two DNA strands during replication, duplication and repair processes. By combining molecular biology, biochemistry and structural biology techniques, we work at defining the structure-function relationships of helicases involved in cancers associated with Bloom syndrome (delayed growth and hypersensitivity to sunlight) and Werner syndrome (premature ageing from 10 years). Our studies will contribute to better understand the mechanism of action as well as the association to disease of helicases.

We have developed a novel fluorescence-based method providing simultaneous data on helicase binding and DNA separation. When combined with complementary biochemistry, biophysics, cell biology and functional genomics approaches, this method allowed us to demonstrate that certain helicases act as monomers, whereas others can function as oligomers, thus providing further insights into their mode of action.

We have also identified several structural elements central to helicase function. 

Our research indicates that a zinc finger (helicase segment capable of binding DNA) plays a critical role both in DNA binding and in protein folding. Interestingly, the zinc finger of BLM helicase (involved in Bloom syndrome) contains a large number of missense mutations. Indeed, in patients suffering from Bloom syndrome, the four cisteine residues making up the zinc finger of BLM helicase are replaced by other residues.
Another structural element, the Arginine finger, plays an important role in the coupling between chemical energy usage and double-stranded DNA separation. We have shown that helicases from the RecQ family use a complex process, involving several sub-domains, to ensure all of their molecular motor functions.

As part of a multi-partner collaborative projects, we have used micromanipulation techniques to further define molecularly the helicase mechanism of action. This technique, initially used to study molecular motors, requires the ability to perform measurements at the single molecule scale. We have thus been able to observe that UvrD helicase can switch from one single DNA strand to another as it proceeds along the DNA molecule it is separating. More recently, by analysing the UvrD helicase separation speed according to external force, we revealed that UvrD-bent DNA (identified in DNA-helicase complex crystals) is the result of an accumulation of unpaired bases in the protein's domains. This enabled us to explain discrepancies in results of crystallographic studies and biochemical observations, leading to the proposal of a new mechanism of action for this family of helicases.

Over the coming years, we are considering characterising and comparing the enzymatic properties of human helicases such as RecQL, BLM, RecQ4 and RecQ5. In addition, we will also work at developing new helicase inhibitor for antiviral and anti-cancer therapy.

We intend to conduct a quantitative analysis of the binding of each helicase to various DNA substrates such as DNA duplexes, G4 DNA, or structures mimicking replication forks or recombination intermediates.
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