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Side chain isotope labelling is a powerful tool to study protein structure and interactions [1]. 1H,13C labelling of side-chain 
methyl groups in a deuterated background allows for extremely sensitive NMR experiments, useful to study large 
molecules that would be otherwise undetectable. On the other hand, side-chain aromatic groups are highly sensitive to 
the interactions with ligands, drugs, and other proteins. Moreover, such non-uniform labelling schemes greatly simplify 
the spectra of large proteins [2].  
In E. coli, side chain labelling is typically performed by substituting amino acids with the cognate labeled precursors to the 
growth medium, as labeled precursors are more cost effective than labeled amino acids [2] [3] [4] [5]. Precursors (α-
ketoacids) are carboxylic acids with a ketone group in the α position. The precursors are converted into the respective 
amino acids by bacterial transaminases, which substitute of the ketone group with an amino group.  
Although this method is extremely effective, some proteins can only be produced in mammalian cells, which need to be 
supplemented with expensive isotope-labelled amino acids. Some transaminases are known to be expressed in mammalian 
cells [6] [7]. Therefore, we sought to establish a simple and cost-effective method to label side chains in mammalian cells 
which exploits the reversible reaction catalysed by the transaminases. We accomplished this by providing human HEK293T 
cells with culture medium enriched with a labelled α-ketoacid precursor and lacking the corresponding amino acid. We 
then tested CAII heterologous expression in the above custom-made medium and compared it with that obtained with 
regular culture medium, to assess the quantity of precursor needed to obtain the same expression levels. The amino acid 
incorporation was then confirmed via NMR spectroscopy both in intact cells and in cell lysates. Three proteins were 
investigated: two globular proteins, carbonic anhydrase II (CAII) and the deglycase DJ-1, and an intrinsically disordered 
protein, α-synuclein.   
The resulting in-cell NMR spectra showed well-resolved peaks corresponding to the side chain-labelled amino acids 
incorporated in the protein, which were better resolved in the lysate NMR spectra. Conversely, the signals from α-synuclein 
were highly overlapped with the cellular background signal, due to the poor chemical shift dispersion typical for intrinsically 
disordered proteins. We furthermore validated the efficacy of the method for the combination of multiple precursors in 
the same culture medium, showing that the expression and incorporation levels remained unchanged.  
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