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Abstract: Super—resolution microscopy has revolutionized the field of cell biology by providing enhanced imaging
capabilities that surpass the diffraction limit of conventional light microscopy. In this context, organic small
molecule dyes with unique properties such as photostability, ease modification, and tunable fluorescence switching
have gained new development opportunities. This review focuses on fluorescent dyes for super—resolution imaging of
different cellular organelles and summarizes the design and targeting strategies of currently available super—
resolution fluorescent probes. The paper begins by briefly introducing three major super-resolution imaging
techniques, including structured illumination microscopy, stimulated emission depletion microscopy, and single—
molecule localization microscopy, and their diverse requirements for the performance of fluorescent dyes. It also
highlights fluorescent dyes used in super—resolution imaging of mitochondria, lysosomes, cell membranes, lipid

droplets, and nucleus over the past five years. Finally, the article discusses the future challenges in this field.
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Fig.1 Principles of super—resolution imaging technology"*"
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Fig.2 Ligand groups targeting mitochondria, plasma membrane, lysosomes, and nucleus (a); two universal protein tag ligands (b)
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B, BT I E EIF K T 2 Fh 5 i 148 73 #1293
PREF!

Zhang SFE 2014 4R & Ji& 7 — B T 1 4 M
3 PEA AR 1) Al S 3 A LR BT 1) — R R
W o 12 R S 5 | A AT A () 00 L A 1) 174 200 i
v | N T NS PR 2 B Y i B o e | B U
JOSCHPES 1) AN [ 4 5 () AR, A A S e e € T il A
PRET o A h 1) PR B A A0 i o i Ik S B
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Fig4 Using modified Halo—ligands or Halotags to achieve reversible labeling of mitochondria for long—term super-resolution imaging
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Fig.5 Two—color super-resolution dynamic imaging of lysosomal and mitochondrial dyes by cell-penetrating peptide—targeted

lysosomal dyes and commercial mitochondrial dyes'
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516 LysoSR-549 2544 B H T A BHAZ 2h /Y 3h &8

Fig.6  The structure of LysoSR-549 and its use for dynamic tracking super-resolution imaging of lysosomal movement
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Fig.7 Ultra-stable lysosomal super—resolution dyes™” (a) and far—infrared lysosomal super—resolution dyes™' (b)
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Fig.8 Cell membrane super-resolution fluorescent dyes and their super—resolution dynamic imaging
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Fig.10  Highly photostable dyes for super—resolution imaging of lipid droplets
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Fig.12  Hoechst-liganded dyes for super-resolution imaging of cell nuclei
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Fig.13  Organic small molecule dyes for nucleolus super-resolution imaging
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