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Synthesis of rotor and non-rotor BODIPY dyes

All chemicals and solvents used for the synthesis of BODIPY dyes were of the highest grade
possible and used as received from commercial vendors. BODIPY rotor and non-rotor were
prepared according to previously published procedure.’

Rotor BODIPY:2

"H NMR (300MHz, CDCls): & = 7.47 (m, 5H), 6.73 (d, J = 4.1 Hz, 2H), 6.34 (d,
J=4.1Hz, 2H), 3.08 (q, J = 7.6 Hz, 4H), 1.34 (t, J = 7.6 Hz, 6H).

Non-rotor BODIPY:3*

"H NMR (300 MHz, CDCly): & = 7.48 (m, 3H), 7.28 (m, 2H), 5.98 (s, 2H), 2.56
(s, 6H), 1.37 (s, 6H).




a) Absorption Spectra b) Emission Spectra
1.04 Non-rotor 1.04 —— Non-rotor
_5 Rotor > —— Rotor
*é_ 0.8 g 0.8
: :
2 06 £ 06
°
e} (0]
Q N
= 044 © 044
o £
£ £
5 2
S 0.2 0.2
0.0 T T T T T T 0.0 T T T T T T
440 460 480 500 520 540 480 500 520 540 560 580 600 620
Wavelength (nm) Wavelength (nm)

Supplementary Figure 1: Absorption (a) and emission (b) spectra of the rotor (blue) and non-
rotor (black) BODIPY. Conditions: [BODIPY] = 2.3 uM, A = 470 nm; solvent — MeOH.
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Supplementary Figure 2: The lifetime of rotor and non-rotor BODIPY dyes as a function of pH

(a), and polarity (b) of the media.

The solvents are: dichloromethane (DCM), methanol (MeOH), ethanol (EtOH), dimethylsulfoxide
(DMSO), and water. The data are reported as an average from three experiments = SD.
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Supplementary Figure 3 The Foérster-Hoffmann plot of the rotor and non-rotor BODIPY dyes
(top) and normalized lifetimes of rotor and no-rotor BODIPY dyes as a function of media’s
viscosity (bottom).

Fluorescent measurements were performed in triplicates at 22°C.
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Supplementary Figure 4: A flowchart of the image analysis process. The fluorescence lifetime
calibration curve is used to convert FLIM images to viscosity images, a machine learning
algorithm segments the mucin granules and isolates them from the background. The images are
analyzed to obtain the mean area and viscosity of each granule.
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Supplementary Figure 5: Images and viscosities of aggregated and individual granules.

a) an image of aggregated and individual non-CF granules; the segmented/extracted
images of the aggregates (left) and individual (right) granules are shown underneath;

b) viscosities of individual and aggregated granules (ca. 20 granules of each type were
analyzed; results are given as averages * SD).
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Supplementary Figure 6: Size distribution of mucin granules.

a) CF cells/rotor experiments; the diameter of the granules (total of 1109) is centered at 530 nm;

b) non-CF cells/rotor experiments: the diameter of the granules (total of 1002) is centered at 470

nm;

c) CF cells/non-rotor experiments: the diameter of the granules (total of 1449) is centered at 478

nm;

d) non-CF cells/non-rotor experiments the diameter of the granules (total of 1067) is centered at

511 nm.

Analysis was performed on three independent experiments with a total of 10-12 images

analyzed per set.
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Supplementary Table 1: Spectroscopic properties of the rotor BODIPY in water — glycerol

mixtures.?

Viscosity (cP)° | Aao™™ (nM)° | Aem™™ (nM)? | Tavg (nS)° Q'
1150 512+ 3 528 £ 3 494 +0.08 | 0.80 £ 0.01
219 512+ 3 528 + 3 461+0.08 | 0.69 £ 0.01
60.1 512+ 3 528 + 3 4.07 £0.08 | 0.49 £ 0.01
22.5 512+ 3 527 +3 3.61+£0.08 | 0.37 £0.01
10.5 512+ 3 527 +3 2.88 £0.10 | 0.27 £ 0.02

6 511+ 3 526 + 3 2.86 £0.10 | 0.21 £ 0.02
3.72 512+ 3 526 + 3 2.55+0.10 | 0.13 £0.02
2.5 511+ 3 527 +3 2.40+£0.15 | 0.08 £0.03
1.76 511+ 3 526 + 3 2.41 £0.15 | 0.07 £ 0.03
1.31 512+ 3 526 + 3 2.21£0.15 | 0.06 £ 0.03
1.0 511+ 3 526 £ 3 2.08 £0.15 | 0.05+£0.03

@ — all measurements were performed in triplicates and data is represented as the average = the
standard deviation; ° — data is taken from ref. 5; © — the absorption maximum, ¢ — the emission
maximum; ¢ — amplitude averaged fluorescent lifetime; " — quantum yield



Supplementary Table 2: Spectroscopic properties of the non-rotor BODIPY in water — glycerol

mixtures.®
Viscosity (cP)° | Aap™™ (NM)° | Aem™ (nm)? | Toyq (NS)° Q

1150 501+£3 515+ 3 486+0.06 | 0.81+£0.01
219 5013 515+ 3 464 +£0.08 | 0.70 £ 0.01
60.1 501+£3 515+ 3 4.53+0.08 | 0.55+0.01
22.5 5013 514+ 3 450+£0.08 | 0.49+0.01
10.5 502+ 3 514+ 3 448 £0.10 | 0.46 £ 0.01

6 502+ 3 512+ 3 442 +0.10 | 0.45+0.01
3.72 5013 51313 418+ 0.10 | 0.42+0.01
2.5 5013 51113 401+£010 | 0.41+0.01
1.76 5013 51113 3.90+£0.10 | 0.39+£0.01
1.31 5013 51113 3.88+0.15 | 0.38 £0.01
1.0 5013 51113 3.72+0.15 | 0.31£0.02

@ — all measurements were performed in triplicates and data is represented as the average = the
standard deviation; ° — data is taken from ref. 5; © — the absorption maximum, ¢ — the emission
maximum; ¢ — amplitude averaged fluorescent lifetime; " — quantum yield
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