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Since changes in intracellular glutathione (GSH) concentration are related to cellular
functions and some diseases, it is desirable to develop fluorescent probes that enable long-term
observation of the GSH variation in living cells. In this study, we developed fluorescence
probes that exhibit fluorescence intensity changes depending on the GSH concentration, by
taking advantage of the high electrophilicity of a NIR-emissive phospha-rhodamine scaffold.
First, to tune the binding affinity for GSH, we synthesized a series of phospha-rhodamines that
furnish a various type of heteroaryls at the 9-position of the rhodamine skeleton. Among them,
probe 1 showed a reversible change in fluorescence intensity in response to GSH with the K4
value of 0.99 mM. We then synthesized probe 2 with a HaloTag-ligand to control the
subcellular localization of the probe. When cells expressing HaloTag fusion proteins were
treated with probe 2, the probe was localized in the target organelle. Thus, this probe is
membrane-permeable and suitable for the detection of GSH in living cells. In addition, we
successfully observed the fluorescence intensity change in real time upon addition of
intracellular thiol scavenger NEM or cysteine derivative NAC.
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