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Abstract 

Staining and live-cell imaging techniques heavily depend on exogenous fluorophores, which often are 
covalently added to targeting motifs in a multi-step fashion and alter the functions of peptides. We 
describe a late-stage functionalization (LSF) approach that converts lysine residues to an intrinsic 
fluorophore by the addition–cyclization–aromatization (ACA) reaction. This single-step conversion 
results in fluorescent 2,3,4,6-substituted pyridinium derivatives that possess organelle specificity. The 
ACA fluorophores possess intrinsic quantum yields of 0.02–0.03, and structural modification by 
incorporating anisole-releasing electron-donating substituents led to enhanced optical properties, 
such as a large Stokes shift up to 170 nm and increased detection sensitivity. Density functional 
theory (DFT) calculations demonstrated that the fluorescence enhancement is attributed to the 
reduction of the HOMO–LUMO gap, further proving the electronic tuning as the design strategy. For 
live-cell imaging, the ACA-modified peptides exhibited significant mitochondrial targeting attributed to 
their delocalized lipophilic cation (DLC) properties with Pearson’s colocalization coefficients of 0.849-
0.917 against MitoTracker Red at the same concentration. Importantly, functionalized peptides 
showed unaltered antibacterial and cytotoxic activities, thus confirming the non-perturbing nature of 
this fluorophore modification. This platform was also extended to doxorubicin (Dox-Py), which 
repurposed this drug from the established nuclear location of action, repositioning it in mitochondria, 
thus emphasizing its theranostic relevance. In sum, the ACA platform presents a new class of 
compact, tunable peptide-based fluorophores that combine organelle-specific staining, live-cell 
imaging and functionality retention in one chemical step, which will promote the design of peptide 
probes for both chemical biology and therapeutic purposes. 

 

Figure 1. Synthesis of ACA-pyridinium fluorophores. Lysine side chains or primary amines undergo an 
addition–cyclization–aromatization (ACA) reaction with substituted alkynyl ketones (X = H, OMe, CF₃) 
to generate novel tetra-substituted pyridinium derivatives. These fluorophores exhibit intrinsic 
fluorescence and selectively accumulate in mitochondria, enabling live-cell imaging in T-47D cells. 
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