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	Thesis title: 
Identification of the interactome of the cardiac hERG potassium channel for an enhanced understanding of QT pathologies.
	3 keywords: 

Long QT syndrome, hERG, partner proteins.

	Unit / team: L’institut du thorax (Inserm/CNRS/Nantes Univ.), Equipe Canaux ioniques et Cardiopathies

	Supervisor’s name: 
Isabelle Baró
	Phone number: : 02 28 08 01 50
Email address: isabelle.baro@univ-nantes.fr

	Socio-economic and scientific context (approximately 10 lines): 

Among hereditary arrhythmias, Long QT Syndrome (LQTS) is the first described and the most common. 30% of cases often result from rare loss-of-function variations in the KCNH2 gene, encoding for the hERG cardiac channel. We are in the final stages of an ambitious project aimed at phenotyping all 350 French variants of the hERG channel, coded by the KCNH2 gene, in order to specify the risk of LQTS or Short QT Syndrome (SQTS) and thus sudden death in patients carrying one of these hERG variants. This work allows us to consider the establishment of a database on the pathogenicity of all French variants. Additionally, we have designed an algorithm, based on structural information, to predict the risk of long/short QT based on the variant's position along the 1159 amino acid sequence of the channel. However, there are cases where the pathogenicity of variants cannot be simply predicted because they do not directly impact the channel's function, but rather its interaction with its partner proteins.

	Working hypothesis and aims (approximately 8 lines): 

Knowledge of these partner proteins of the hERG channel, constituting what we call the interactome, and the precise localization of the interaction domains of these partner proteins in the channel structure, would provide valuable information for several reasons: 1- a better classification of the pathogenicity of certain variants (those positioned in the interaction sites with the interactome) and 2- the identification of new proteins that may cause other forms of LQTS or SQTS. These partner proteins can play various roles, for example, in the regulation of the expression and functioning of the channel. Knowledge of this interactome would therefore better predict regions at risk of LQTS or SQTS. Furthermore, the genes encoding for these partner proteins can also be mutated and directly contribute to the development of LQTS or SQTS.

	Main milestones of the thesis (approximately 12 lines): 

1- Insertion of a neutral tag within the hERG channel enabling its purification from hiPSC-CMs. 2- Verification of the tag's neutrality by automated patch-clamp: we will proceed to verify the impact of this tag on the expression and function of the channel. 3- Immunoprecipitation of the hERG channel with the tag in HEK293 cells. The objective is to verify that the position and nature of the SPOT tag enable specific and robust immunoprecipitation of the channel. 4- Insertion of the SPOT tag into the hERG channel gene of hiPS cells by CRISPR-Cas9. 5- Purification of the hERG channel and its interactome by immunoprecipitation from SPOT-labeled modified hiPS-CMs. 6- Proteomic analysis of the hERG channel interactome: purified proteins will be digested by trypsin protease and identified by mass spectrometry (LC-MS/MS). 7- Verification by biochemistry and electrophysiology of the interaction with the hERG channel of the different newly identified proteins, and determination of the roles of these proteins in the regulation of channel expression and/or function. 8- Identification of domains of the hERG channel interacting with newly identified and functionally validated partner proteins. 9- Study of the impact of variants present in interaction domains on the interaction of hERG with identified partner proteins. Variants present in interaction domains will be co-expressed with the relevant partner proteins to verify the preservation or not of channel interaction and/or regulation. Ultimately, we should be able to reclassify variants initially benign on channel activity within its complex. We should also open up new avenues of study for forms of LQTS not yet elucidated.



	Scientific and technical skills required by the candidate (2 lines): 
Skills in cell biology, electrophysiology of ion channels, and protein biochemistry will be appreciated.
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	National and international collaborations: 
- Reid Townsend (Washington University Medical School, Saint Louis, USA)

- Jeanne Nerbonne (Washington University Medical School, Saint Louis, USA)

- Jonathan Silva (Washington University in Saint Louis, MO, USA)

- Isabelle Deschênes (The Ohio State University, Columbus, OH, USA)

- Jean-Sébastien Rougier et Hugues Abriel (University of Bern, Suisse)
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