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Title of the project:  
Development and application of a novel biochemical approach for the atomic-scale study of 
large assemblies by nuclear magnetic resonance 
 
Objectives (up to 3 lines):  
The objective is to apply a novel biochemical method to produce site-specifically labeled human ClpX, 
ClpP, and its biomolecular assembly ClpXP using cell-free protein synthesis. 
 

Abstract (up to 10 lines):  
Nuclear magnetic resonance (NMR) is an ideal method for studying proteins, providing valuable insights 
into their conformation, dynamics, and function at the atomic scale. However, NMR presents significant 
interconnected challenges in resolution, sensitivity, and signal assignment for large biomolecular 
assemblies. To overcome these obstacles, we have developed an innovative isotope labeling method 
involving cell-free technology and reduced codon protein synthesis to integrate site-specific isotopic 
markers at the residue(s) of interest. The approach holds much promise for application to medically relevant 
proteins, such as human ClpXP. This >300 kDa unfoldase-protease complex plays a central role in human 
mitochondrial protein control. Although its dysregulation directly contributes to various malignancies, we 
lack insight into the dynamics of this assembly due to its large size. Therefore, we will apply our innovative 
labeling method to ClpXP to gain deeper insights into their structural and allosteric functional properties.  
 

Methods (up to 3 lines):  
The student will learn protein expression (bacterial, cell-free), large-scale RNA transcription (run-off, 
plasmid), column purification (ion exchange, affinity, size exclusion), DNA extraction, enzymatic activity 
assays (aminoacylation, malachite green), 2D NMR / methyl-NMR, and RNA/protein/plasmid design. 
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