Ultrafast charge transfer dynamics in phosphorylated amino acids in aqueous solution
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ABSTRACT
Charge transfer (CT) plays a fundamental role in chemistry and biology, particularly in aqueous environments where most reactions occur. Post-translational modifications such as phosphorylation strongly alter local charge distributions and intermolecular interactions in proteins. In this study, we employ Auger–Meitner spectroscopy (AMS) to address ultrafast CT dynamics of the phosphorylated amino acid phosphotyrosine (pTyr) in aqueous solution, focusing on the role of the phosphate group at the biomolecule–water interface. AMS is a powerful technique for investigating electron dynamics in extended complex systems [1,2]. Our results indicate that the phosphate group dramatically enhances charge transfer to the solvent (CTTS), as compared, for example, to sulfur-containing amino acids such as L-cysteine [3]. This finding highlights the role of solvation and, in particular, hydrogen-bond network effects in facilitating CTTS. Furthermore, the core-hole lifetime provides a natural timescale for electron dynamics, allowing quantification of CT rates. Our observations suggest that CT pathways are governed by the interplay between the phosphate moiety and the amino acid backbone in the hydrated environment around pTyr. Understanding CT in biomolecules is crucial for fields such as radiation chemistry, protein chemistry, and biophysics. Our findings contribute to a deeper understanding of early electronic processes in complex aqueous systems, paving the way for future studies of radiation-induced damage under biologically relevant conditions. 
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