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Figure S1. Absorption spectra of Cy3 (l), BTF1 and BTF2 in different media measured at 4, 2
and 2 uM concentrations, respectively.
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Figure S2. Absorption spectra of BTF1 (a,b) and BTF2 (c,d) in PBS at different concentrations.
Raw (a,c) and (b,d) normalized spectra are presented.
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Figure S3. Fluorescence spectra of Cy3 (l), BTF1 and BTF2 in different media measured at 0.4,
0.2 and 0.2 uM concentrations, respectively. Excitation wavelength: 510 nm. Fluorescence

spectra are normalized with respect to absorptivity at 510 nm.
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Figure S4. Comparison of fluorescence spectra of Cy3 (I), BTF1 and BTF2 in different media
measured at 0.4, 0.2 and 0.2 uM concentrations, respectively. Excitation wavelength: 510 nm.
Fluorescence spectra are normalized with respect to absorptivity at 510 nm.
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Figure S5. Fluorescence spectra of Cy3 (l), BTF1, and BTF2 in presence of liposomes with
concentration of DOPC from 0 uM to 1000 uM in phosphate buffer (pH 7.4), measured at 0.2,
0.1 and 0.1 uM the dye concentrations, respectively. Excitation wavelength: 510 nm.

Q
O

o & B2
B T 0 e
. . \ )

Normalized ahsorbance
o
o
.

Normalized absorbance

o

400 450 500 550 600 650 400
Wavelenght (nm)

450 500 550 600
Wavelenght (nm)

650

(@]

Normalized absorbance

0.8

0.6

0.4

0.2

— —BTF3
PBS

BTF3
(PBS +
DOPC)

400

500 600 700 800
Wavelenght (nm)

Figure S6. Normalized absorption spectra of BTF1 (a), BTF2 (b) and BTF3 (c) in PBS and lipid
vesicles. The concentrations of dyes was 100 nM; concentration of DOPC was 1 mM.
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Figure S7. Absorption and fluorescence spectra of Cy5 (lll) in different media measured at 0.4
KM concentrations. Absorption spectra were normalized. Excitation wavelength: 600 nm.
Fluorescence spectra are normalized with respect to absorptivity at 600 nm.

a 1p- —BTE3 2000nM b 10 4 —— BTF32000nM
08 1 ——BTF3 200nM 208 4 BTF3 200nM
£ BTF3 20nM
— L)
§ 0.6 BTF3 20nM 806 1
g g
5 04 504 4
=} £
2 e
0.2 =02
£
[=]
00 ; ; ; Z00
500 550 600 650 700 750 500 600
Wavelength, nm Wavelength, nm

Figure S8. Raw (a) and normalized (b) absorption spectra of BTF3 in PBS at different
concentrations.

Table S1. Photophysical properties of BTF3 probe and the monomer dye - Cy5 (l1lI).

Probe Solvent Aabs/Aemis, (NM)? Is/1.° SBR® Qy, (%)¢
PBS 643/665 0.33 -//- 21.4+1.7

Cy5(11) Ethanol 647/668 0.33 2.62 55.2+1.0
Glycerol 654/673 0.33 2.5 52.61£6.9

PBS 596/667 1.76 -//- 1.110.1

BTF3 Ethanol 647/680 0.49 21.8 24.0+0.6
Glycerol 650/682 0.72 14.5 16.5+2.0

@ Determined at Amax for each solvent; ? determined at Amax for fluorophore (1) and its H-
aggregated forms (Is); ¢ SBR = QYson/QYpss; @ with respect to DIiD in methanol (33%);* excitation
wavelengths: 600 nm for Cy5.
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Figure S9. Additional characterizations of single-molecule behaviors in SMLM, recorded in cell
membranes at 110 frames per second. (a,b) Distribution of the recorded trajectory lengths for
single Nile Red (a) and BTF2 (b) molecules under typical SMLM settings. Insets: Counts on the
intensity (photon count per frame) time
traces for the longest (>11 frames for Nile Red and >50 frames for BTF2) time traces obtainable
for the two dyes. Note the 3x different y-scales. Arrows in (d) indicate rare cases of stepwise
units in the dimer being photobleached.
(e,f) Distributions of the single-molecule photon counts recorded in each frame for Nile Red
(e) and BTF2 (f), under illuminations at different total laser powers (12-76 mW,; legends).
Average photon counts are given in parentheses. Typical SMLM experiments in this work were
nsity of ~1 kW/cm? at the sample.

logarithmic scale for ~10* trajectories. (c,d) Example

photobleaching, consistent with one of the two dye

carried out at ~50 mW, corresponding to a power de
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Figure $10. RP-HPLC profile for Cy3 (I) with absorptivity detection at 560 nm. Retention time
for Cy3 (1): 13.84 min.
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Figure S11. RP-HPLC profile for BTF1 with absorptivity detection at 560 nm. Retention time
for BTF1: 17.40 min.
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Figure S12. RP-HPLC profile for BTF2 with absorptivity detection at 560 nm. Retention time
for BTF2: 15.76 min.
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Figure S13. RP-HPLC profile for Cy5 (lll) with absorptivity detection at 650 nm. Retention
time for Cy5 (l11): 15.42 min.
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Figure S14. RP-HPLC profile for Cy5 NHS ester (IV) with absorptivity detection at 650 nm.
Retention time for Cy5 NHS ester (IV): 15.42 min.
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Figure S15. RP-HPLC profile for BTF3 with absorptivity detection at 650 nm. Retention time
for BTF3: 16.94 min.
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Figure S16. Positive-mode ESI high-resolution mass spectrum for Cy3 (1).
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Figure S17. Positive-mode ESI high-resolution mass spectrum for BTF1.
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Figure S18. Positive-mode ESI high-resolution mass spectrum for BTF2.
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Figure S19. Positive-mode ESI high-resolution mass spectrum for Cy5 (lll).
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Figure S20. Positive-mode ESI high-resolution mass spectrum for Cy5 NHS ester (IV).
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Figure S21. Positive-mode ESI high-resolution mass spectrum for BTF3.
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Figure S22. 'H NMR spectrum for Cy3 (1).
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Figure $23. 3C NMR spectrum for Cy3 (I).
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Figure S24. 'H NMR spectrum for Cy3 (Il).
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Figure S29. 'H NMR spectrum for Cy5 (lI).

S13



)
|

o

( f

S14

Lo
L 88'0
2060
3 0160
L 5160
026'0
g 6260
£66'0
r 8v6'0
L 160/ /
88z'L
- SIG'L~
169'L
r c69'L
3
180c——
- LIS Z——
r 159z——
[ 8687——
2
-2
nee
r Q08 e
| oie mW| —
PIEE
+ Lig'e
°
3
L £8P —o
I oy y—o
568201 L .
590'601 —_—
£12'€01 + —
o8r'eoL s = 998 —— —
gggoLl ~< ~—
0¥90LL L n
aLloLL
662011 + Ayv
805°GLL
018'LL LA\ r —
966' 1214\ - L (]
z80'zTL — - Y—
654121 T L&
608'+2L o » m s8z's
20612 = 2 r
086471 7 /|\|A Q > 61E'9N
o — F — S/8'9——
Lig'szL zZ5 - co5's
859'6ZL Vi 318 L o e
LYE'BZL 8 Q N—
soveze/ o9 r o ceLs
907 L¥L 7 e g biz 2
Pttt a 3 (%] 6222
VIEIPL =L 2o o o o5z
z Ew r 90£'2
160°Z5L 52 N
ozLzyL O Ly r i:‘
6oL'zpL T Q L 7
010751 z 2 P LeeL
- 8EY L
it g [ @] ssv'z
predity 3] 8 [as] eov'sl
L0v'¥5L _ 2 a ot
012791~ & L . Tae—
SIETUL 2 —
Lzl o + o 81z 8-/
soL'elL ' [32] Lz 87/
czeesLN= - r (7] 8ee’s
955 E_\ L
SE9'esL e m
wdd & S wdd
20
(N8

(

o

)

o

ﬁ

[

o

o
<

Chemical Formula: CggH116NgC1252
Molecular Weight: 1518,03800

s

ﬂ

®
I

e

r

Figure S31. 'H NMR spectrum for BTF3.



Supplementary video captions

Movie S1. Comparison of single-molecule images of Cy3, BTF1, and BTF2 during 3D-PAINT imaging at
the plasma membrane of live COS-7 cells. Single-molecule images were recorded continuously at 110
frames per second (fps) and played back at the standard 24 fps, thus slowed down by 4.6x compared
to the real time. Scale bars: 2 um.

Movie S2. Sequential 3D-PAINT images of the BTF2 labeled plasma membrane of the COS-7 cell shown
in Figure 5. Blinking BTF2 single-molecule images were continuously recorded for 320 s, and the super-
resolved 3D positions of single molecules were grouped every 40 seconds to form a 3D-PAINT image.
Color presents depth (Z) according to the color scale in Figure 5b. Scale bar: 2 um.

Movie S3. Comparison of single-molecule images of DiD and BTF3 during 3D-PAINT imaging at the
plasma membrane of live COS-7 cells. Single-molecule images were recorded continuously at 110
frames per second (fps) and played back at the standard 24 fps, thus slowed down by 4.6x compared
to the real time. Scale bars: 2 um.

References

(1) Texier, I.; Goutayer, M.; Da Silva, A.; Guyon, L.; Djaker, N.; Josserand, V.; Neumann, E.; Bibette, J.;
Vinet, F. Cyanine-Loaded Lipid Nanoparticles for Improved in Vivo Fluorescence Imaging. Journal of
Biomedical Optics 2009, 14, 054005.

S15



