Identification of novel ALS drug targets by unravelling the TDP-43 mitochondrial import pathway
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Introduction. Pathogenic cytoplasmic aggregates of hyperphosphorylated and ubiquitinated TDP-43 (Transactive response DNA binding protein 43) are a hallmark of neurodegeneration, present in 97% of ALS cases. TDP-43 is a multifunctional DNA/RNA binding protein that regulates mRNA stability and alternative splicing. Although normally confined to the nucleus, TDP-43 aberrantly localises to mitochondria, where is disrupts mitochondrial function and exacerbates neurotoxicity.
Aims. This project aims to map the complete TDP-43 mitochondrial import pathway and interaction network of TDP-43 in patient derived iPSC-motor neurons compared to healthy controls, integrating quantitative mass spectrometry (MS) with structural biology. 
Methods. Patient derived iPSCs are differentiated into motor neurons and fractionated spatially and temporally for quantitative MS. A database of protein interactions and post-translational modifications are generated to map the TDP-43 mitochondrial import pathway. Key protein-protein interactions and structural-dynamics are analysed using cryo-EM and HDX-MS.
Results. Patient derived iPSC-motor neurons were successfully differentiated, and mitochondria dysfunction was mapped using high content imaging and FACS to define a temporal vulnerability window. As a complementary model, SH-SY5Y cells were subcellularly fractionated to establish workflows for quantitative MS. We demonstrate that TDP-43 interacts with the mitochondrial import receptor TOM70 (translocase of outer mitochondria membrane) and the chaperone HSP70 (heat shock chaperone protein 70), validated by SEC-MALS and structurally visualised by cryo-electron microscopy.
Discussion. These findings establish a molecular framework for TDP-43 mitochondrial import and lays the foundation for rational, structure-based drug design to mitigate TDP-43-mediated neurotoxicity in ALS. 
