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Fluorescence lifetime imaging (FLIM) microscopy is the most robust and direct method to
spatially and temporally resolve Forster resonance energy transfer (FRET). FLIM-FRET
microscopy can be applied to investigate post-translational modifications of specific proteins
inside cells.[1] Post-translational modifications are attachments of chemical groups onto
amino acid side chains of proteins and until now, more than 400 of them are known. They
have fundamental impacts on e.g. the function, localization, stability, and interaction of
proteins and thereby modulate many biological processes. We recently used FLIM-FRET
microscopy to visualize the modification of specific proteins with sugars (glycosylation) and
nucleic acid polymers (PARylation) inside living cells.[2,3] In these studies, metabolic
engineering is used to label the post-translational modification proteome-wide with chemical
reporter analogs incorporated via the cells biosynthetic machinery. These analogs can be
labeled with the acceptor fluorophore. Protein specificity is gained by expressing the target
proteins with the donor fluorophore GFP. FRET between the donor and the modification-
anchored acceptor is detected via the fluorescence lifetime of GFP to assess the modification
state of the target protein. As an outlook, ongoing work towards the visualization of protein-
specific acetylation inside single cells using a novel chemical reporter will be presented.
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