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Abstract 
 
Proteins are the most abundant biomolecules within a cell and are involved in all 
biochemical cellular processes ultimately determining cellular function. Therefore, to 
develop a complete understanding of these biological processes, obtaining knowledge 
about protein function and interaction at a molecular level is critical. Consequently, the 
investigation of proteins in their native environment or in partially purified mixtures is a 
major endeavour in modern life sciences. Due to their high chemical similarity, the 
inherent problem of studying proteins in complex mixtures is to specifically differentiate 
one protein of interest from the bulk of other proteins. Site-specific protein 
functionalisation strategies have become an indispensable tool in biochemical- and cell 
biology studies. This thesis presents the development of a new enzymatic site-specific 
protein functionalisation strategy that is based on the reversible covalent 
phosphocholination of short amino acid sequences in intact proteins. To achieve this, a 
synthetic strategy has been established that allows access to functionalised CDP-choline 
derivatives carrying fluorescent reporter groups, affinity tags or bioorthogonal handles. 
These CDP-choline derivatives serve as co-substrates for the bacterial 
phosphocholinating enzyme AnkX from Legionella pneumophila, which has been 
established to transfer the chemically derivatised phosphocholine moiety to the switch II 
region of its native target protein Rab1b.  Furthermore, we identified the octapeptide 
sequence TITSSYYR as the minimum recognition sequence required to direct the AnkX 
catalysed phosphocholination and demonstrated the functionalisation of protein of 
interest carrying this recognition tag at the N- or C-terminus as well as in internal loop 
regions. Moreover, this covalent modification can be hydrolytically reversed by the action 
of the Legionella enzyme Lem3, which makes this protein labeling strategy the first 
example of a covalent and reversible approach that is fully orthogonal to current existing 
methodologies. Thus, the here presented protein functionalisation approach holds the 
potential to increase the scope of possible labeling strategies in complex biological 
systems. In addition to the labeling of tagged target proteins, a CDP-choline derivative 
equipped with a biotin affinity-tag was synthesised and used in pull-down experiments to 
investigate the substrate scope of AnkX and to elucidate the role of protein 
phosphocholination during Legionella pneumophila infection. 
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