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Presentation of the laboratory and its research topics:

The research activities of the unit are oriented towards the biochemical, biophysical and structural studies of proteins involved in microbial physiology and pathogenesis, with a particular focus on bacterial cell signaling mechanisms. They are organized in four main topics: (i) control of glutamate metabolism in mycobacteria, (ii) envelope stress response, (iii) PknA/PknB in mycobacterial cell division and (iv) structural studies of type II topoisomerases.

Description of the project:

Type II topoisomerases are fascinating macromolecular machines essential for solving topological problems arising during DNA metabolic processes and are therefore critical for the preservation of genome stability. They can interconvert different topological forms of DNA during transcription and replication since they catalyse DNA double strand breaks and have gained a high level of importance as targets in antimicrobial and anti-cancer therapy. They are classified into subtypes IIA and IIB, based on sequence and structural similarities. The IIA subclass includes DNA gyrase, found in the three domains of life, bacterial topoisomerase IV and eukaryotic topoisomerase II. Until now, subtype IIB only comprised topoisomerase VI, which was originally discovered in archaea, but has more recently been found in plants and apicomplexa such as plasmodial parasites. These enzymes are thought to play a role in endoreduplication in plants and schizogeny in apicomplexa. However, exactly what they do and how they act is not presently clear. 

Archaeal and bacterial types IIA and IIB enzymes are heterotetramers composed of two different subunits (A and B), whereas type IIA enzymes from eukaryotes are homodimers, with the B and A moieties fused into a single polypeptide. The two families share three functional domains, the ATPase domain located in the B subunit, the Toprim domain located either in the B or A subunit, and a winged helix domain in the A subunit, that contain the catalytic tyrosine. Many studies have been published on the mechanism of action of Topo IIA and their interactions with antibiotics and antitumoral drugs. In contrast, very few studies have been performed on Topo IIB. Today, no structural data is available concerning the interaction with DNA. The first part of the project will focus on the structural characterization of the DNA recognition mode by topoisomerase VI. 

We recently discovered and characterised a new type IIB topoisomerase, topoisomerase VIII, from bacterial, archaeal and plasmid origins (Gadelle 2014). This new enzyme adds to our knowledge of the origins and functions of the type IIB enzymes, and their smaller sizes may facilitate studies of structure and function. The genes encoding these proteins correspond to the fusion of the B and A subunits of type IIB topoisomerases. Intriguingly, their topoisomerase activities are relatively weak and puzzling and it is not yet clear what their biological functions are. We showed that the enzyme encoded by a bacterial plasmid exhibits low ATP-dependent relaxation and decatenation activities, the hallmark of type II topoisomerases, whereas two other enzymes, encoded by integrated elements, exhibit only DNA cleavage activity, producing DNA double-stranded breaks, and/or ATP-independent relaxation activity. The second part of the project will focus on the biochemical and structural characterization of these new DNA topoisomerases using integrative structural biology methods. 
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Expected profile of the candidate (optional):

Knowledge in biochemistry (activity assays, protein purification), biophysics and structural biology
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