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Figure 1a Fluorescence switching based on intermolecular nucleophilic addition and dissociation of GSH to and from xanthene derivatives as a
novel mechanism of fluorescence blinking for SMLM. Xanthene derivatives can convert between the fluorescent dissociated form and the
nonfluorescent GSH adduct form. K gsy 1s the dissociation constant toward GSH, and 7 is the lifetime of the dissociated form.
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Figure 1b Preparation of new xanthene derivatives with sufficiently low K sy values. Chemical structures of candidate fluorophores based
on silicon pyronine (SiP) and carbopyronine (CP) scaffolds are shown with the measured K sy values and fluorescence quantum yields
(®y). Figure 1¢ Dose—response curves of the candidate fluorophores versus GSH.
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Absorption and fluorescence spectra and GSH titration curves of SiP650 and
CP550 derivatives. Absorption (left) and fluorescence (middle) spectra and
GSH titration curves (right) of small-molecular derivatives SiP650-BA (a)
and CP550-BA (c) and of HaloTag-bound fluorophores SiP650-HaloTag (b)
and CP550-HaloTag (d), obtained in the same manner as Figure S1.
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Figure 2. Evaluation of switching properties of the HaloTag protein—fluorophore conjugates by single-molecule fluorescence imaging. (a) Chemical
structures of SiP650- and CPS550-based HaloTag ligands, and labeling of purified HaloTag proteins to prepare fluorophore—protein conjugates
(SiP650-HaloTag, CP550-HaloTag). (b) Single-molecule fluorescence time traces of SiP650-HaloTag (left) and CP550-HaloTag (right). (¢, d)
Excitation intensity dependence of photon number per switching event (c) and lateral localization precision (d) of SiP650-HaloTag (red) and CPS550-
HaloTag (green) (mean + SE, N = 416—12802). Single-molecule imaging was performed in 10 mM sodium phosphate buffer (pH 7.4) containing 5
mM GSH. Excitation 647 nm (100 W/cm?® for panel b) for SiP650 and 561 nm (100 W/cm® for panel b) for CP550. Exposure 8.8 ms/frame.
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Figure 3. Live-cell SMLM with SiP650-Halo and CP550-Halo. f-Tubulin—Halo fusion proteins were transiently expressed in Vero cells and labeled
with SiP650-Halo (a) or CP550-Halo (c) for 30 min. Imaging was performed in cell culture medium (DMEM) after washing. (a, c) Conventional
images (averaged projection images, left) and SMLM images (right). Excitation 647 nm (200 W/cm?) for panel a and 561 nm (200 W/cm?) for panel
c. Acquisition 8.8 ms/frame, 2000 frames (17.6 s) for panel a and 1000 frames (8.8 s) for panel c. (b, d) Transverse profiles of fluorescence intensity in
the conventional images (black) and localizations in the SMLM images (red) corresponding to the regions outlined by the solid yellow lines (left) and
by the dotted yellow lines (right). Panels b and d correspond to panels a and ¢, respectively; fwhm = 347.4 + 25.5 nm (conventional) and 109.2 + 8.4
nm (SMLM) (mean =+ SE, N = 6) for panel b and 339.3 + 11.1 nm (conventional) and 100.4 + 5.1 nm (SMLM) (mean + SE, N = 6) for panel d. Scale
bars 3 um (a) and 2 um (c).
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