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Acute infections largely rely on the capacity of bacterial protein toxins to interfere with cellular regulatory networks, to hijack actin cytoskeleton organization and dynamic, as well as cell cycle and fate. A common theme in infection and cancer is the dysregulation of Rho GTPases, upstream regulators of the actin cytoskeleton. The Cytotoxic Necrotizing Factor 1 (CNF1) from pathogenic Escherichia coli develops its toxic behavior through a PTM activation of Rho family members. The purpose of the PhD project is the joint use of molecular modeling approaches coupled to experimental approaches to explore: (i) the interactions between CNF1 and Rac1 to establish the molecular basis of the specificity of recognition of Rho proteins by CNF1; (ii) the development of CNF1 variants with a redirected activity toward specific Rho proteins and other small GTPases; (iii) the mode of interaction between cancer-associated mutants of Rac1 and its network of interactions. 

Presentation of the laboratory and its research topics:
The structural bioinformatics research group was created focuses on the relationship between sequence, three-dimensional structure, and function of proteins, using, among others, modelling techniques and molecular dynamics simulations. We also continue the development of software for automated NMR structure calculations, and are collaborating with structural genomics projects and the structure databases. We have established collaborations with experimental groups at the Institut Pasteur and elsewhere, for example, in atomic force spectroscopy, X-ray crystallography, and microscopy. The aim of our research is to complement structural studies (X-rays, NMR, Electron microscopy, and others) with in silico studies, to:

· better determine and predict three-dimensional structures 

· better understand molecular recognition and molecular interactions. 

Our research topics include medically relevant molecular processes (infectious diseases, cancer, and the action of general anesthetics).
Description of the project:

Short linear motifs have taken an increasing importance in the understanding of protein-protein interactions, post-translational modifications (PTMs) and cell signaling (Davey2015; Csizmok2016). Beside, acute infection largely relies on the capacity of bacterial protein toxins to interfere with cellular regulatory networks. The Cytotoxic Necrotizing Factor 1 (CNF1) from pathogenic Escherichia coli catalyzes a PTM activation of Rho family members through site-specific deamidation of a glutamine residue into a glutamic acid (Flatau2000), which places Rho in a constitutively active state. Missense mutations of residues C886, N835 and S864 (Buetow2001) and the role of loop L8 and P968 of CNF1 in discerning Rac1 from RhoA have been unveiled (Buetow2003; Hoffman2007), as well as the importance of a specific peptide region in RhoA (Flatau2000; Lerm1999).

Dysregulation of the i) organization and dynamic of the actin cytoskeleton, ii) cell cycle and fate are recurring themes in human diseases (Hanahan2011). In particular, a hot-spot missense mutation in the Rho protein Rac1 was put on light recently in 9.2% of sun-exposed melanomas (Krauthammer2012). This mutation P29S in Rac1 in the highly conserved switch-I region, confers to Rac1 the capacity to undergo a spontaneous exchange between GDP and GTP. Studying the cytotoxic necrotizing factor-1 (CNF1), has been instrumental in unraveling and deciphering the importance of the regulation of Rac1 by ubiquitin-mediated proteasomal degradation (Doye2002). The degradative ubiquitylation of Rac1 is catalyzed by HACE1 E3 ubiquitin-ligase endowed with tumor suppressor function (Torrino2011). Determination of HACE1 3D structure is under elucidation by the group of E. Lemichez and collaborators.

Enhanced sampling approaches experienced recently a large development (Bernardi2015; Miao2016; Abrams2010; Cavalli2015; Valsson2016; Markwick2011; Mitsutake2013; Abrams2008). The temperature-accelerated molecular dynamics (TAMD) (Maragliano2006) accelerated the exploration of conformational space for several biomolecules (Maragliano2010; Abrams2010; Selwa2014; Hosseini-Naveh2014; Cortes-Ciriano2015; Duclert-Savatier2016). Interestingly, these approaches were found efficient for investigating the conformational transitions of small GTPases (Peter2012; Swett2012; Raimondi2013). 

The PhD project intends to use enhanced sampling approaches coupled to experimental approaches to explore: 

(A) the interactions between CNF1 and Rac1 and consequences on the specificity of recognition of Rho proteins by CNF1, as well as CNFy from Yersinia pseudotuberculosis that targets RhoA more specifically. Starting from the X-ray crystallographic structure of CNF1 catalytic domain (Buetow2001), molecular dynamics (MD) and TAMD simulations will be recorded to compare the conformational space of the WT and mutant proteins. The conformational landscape of the highly homolog protein CNFy from Yersinia pseudotuberculosis will be also compared to that of CNF1.

(B) the development of CNF1 variants with a redirected activity toward specific Rho proteins and other small GTPases. Using a TAMD approach designed for studying peptide-protein interactions (Lamothe and Malliavin, submitted), the interaction between CNF1 and various peptides of the switch-II domain of RhoA will be analyzed. The predicted conformations of the peptides bound to CNF1 will be used to propose structures of the complex CNF1/RhoA. The effect of various CNF1 loop-mutants will be related to previous studies (Lerm1999) and further experimentally validated in the Unit of Bacterial Toxins. 

(C) the mode of interaction between Rac1 & Rac1 P29S and their effectors such as Pak1 and HACE1. The conformational landscapes of proteins RhoA and Rac1 will be explored by MD and TAMD trajectories. The most preferred RhoA peptide conformations detected in the work package (B) will be used to bias the RhoA switch-II region in order to get information on the conformational transitions induced on RhoA/Rac1 by CNF1. The Rac1/CNF1 conformations in the presence and absence of mutation P29S will be compared and the hypotheses on these conformations will be investigated in the Unit of Bacterial Toxins, using cross-linking-coupled to mutagenesis and other cellular and biochemical analytical assays developed these last ten years by this group for the study of CNF1/Rho/HACE 1 interplay.
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Expected profile of the candidate (optional):

The candidate could be:

(i) either a student with a solid background in structural bioinformatics (molecular modeling, physical chemistry) and willing to invest himself/herself in learning mutagenesis and biochemistry techniques relevant for handling the proposed biological system. 

(ii) either a student with a solid background in biochemistry/molecular biology and subjects related to cancer, and willing to invest himself/herself in learning bioinformatics techniques.

No heavy computer programming is considered in the project, the informatics tools will be usual Linux tools, and the student is expected to prepare and run small scripts. Technical support will be provided by the two involved teams, in structural bioinformatics and in biochemistry and molecular biology.

The student is expected to be able to work at the interface of several scientific fields and to interact with scientists from various backgrounds. Intellectual flexibility and curiosity are essential in that frame.

Contact:

Thérèse Malliavin, Unité de Bioinformatique Structurale, UMR CNRS 3528 and Institut Pasteur; therese.malliavin@pasteur.fr

Emmanuel Lemichez, Unité Toxines bactériennes, Institut Pasteur; emmanuel.lemichez@pasteur.fr

