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Fig. 1 Modulation of single-molecule fluorescence switching for enhaning spatial resolution and diagnostics in super-

resolution imaging.
KHIA: U0t PO ARG YOLIRE
SE 3k

[1] Ye, Z.; Yang, W.; Wang, C.; Zheng, Y.; Chi, W.; Liu, X.; Huang, Z.; Li, X.; Xiao, Y.; JACS, 2019, 141: 14491.

[2] Zheng, Y.;_Ye, Z.(co-first, co-correspondence); Zhang, X.; Xiao, Y.; JACS, 2023, 145: 5125.

[31Ye, Z.; Yu, H.; Yang, W.; Zheng, Y.; Li, N.; Bian, H.; Wang, Z.; Liu, Q.; Song, Y.; Zhang, M.; Xiao, Y.; JACS,
2019, 141:6527.

[4] Zheng, Y.; Ye, Z.(correspondence); Zhang, X.; Xiao, Y.; ACS nano, 2024, 18:18477.

[5] Ye, Z.; Yang, W.; Zheng, Y.; Wang, S.; Zhang, X.; Yu, H.; Li, S.; Luo, C.; Peng, X.; Xiao, Y.; Angew. Chem.

Int. Ed., 2022, 61: ¢202211540.

2025 4 85 11 BH-15 B #Ed


mailto:yezhiwei@dlut.edu.cn

SOCIETY Ohe=L08

e

(e TELFERISERERPENZIMREN

THE 13™CHINESE NATIONAL CONFERENCE ON CHEMICAL BIOLOGY -. ..

Dye single-molecule fluorescence modulation and imaging
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Super-resolution imaging breaks the optical diffraction limit, defines the resolution
boundary of non-invasive optic microscopy, and revolutionizes the paradigm of life science
researches. The mechanism of molecular localization in super-resolution imaging roots in the
on-off switching of dye molecules. Through dynamic on-off transitions of fluorescence,
molecule signals isolated in space and time could be individually decoded to break the physic
limitations. However, traditional dye research ignores the single-molecule fluorescence
photophysics prosperties, making a barrier for super-resolution imaging spatiotemporal
resolution and biomedical molecular diagnostic applications. The modulation of single-
molecule fluorescence switch in a spatiotemporal manner becomes the key scientific problem.
The key points are improvement of single-molecule fluorescence photon flux (N) to enhance
the localization accuracy (uncertainty, o o 1/v/N) and tuning single-molecule switching
dynamics (k) to satisfy the time resolution (t « 1/k,) required in living-cell imaging.

This speech focused on the study of dye single-molecule structure, fluorescence properties
and applications: by designing quaternary piperazine induction effect!!!, the molecular twisted
intramolecular charge transfer and the consequent nonradiative decay is inhibited, doubly
enhanced the photon flux and improved the single-molecule localization accuracy to 8.6 nm;
through introduction of single-molecule fluorescence switch dynamic theory'!, adaptive
switching speed dye toolboxes were developed to realize fast living-cell molecule localization
imaging (time resolution up to 2 s)i***; with the development of protein-tag labeling system, a
molecular distribution and motion two-dimension diagnostic system was built to enable living-
cell state molecular diagnostic®!, aiming for providing molecular distribution indicators for
autoimmunity disease of high diagnostic difficulty.

From the basis of molecular structure, the design of substituent inductive and hydrogen-
bonding capability and the exploration of single-molecule fluorescence switching modulation,
a library of dye toolsets was developed for molecular localization super-resolution imaging,
which would transform the super-resolution imaging techniques into biomedical molecular
diagnostic tools.
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