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Materials, physical measurements and cell culture methods.

Commercially available starting materials, components of buffer solutions (CHES, MOPS, MES from Sigma,
Mexico) and solvents were used as supplied. "H and *C NMR spectra were recorded at room temperature on a
700 MHz Bruker unity spectrometer. Chemical shifts (ppm) are relative to (CH3)4Si. High resolution mass
spectrometry (ESI-TOF) was obtained by using an Agilent Technologies 6530 Accurate-Mass Q-TOF LC/MS
equipment. Fluorescence experiments were measured either on a FluoroMax spectrofluorometer from HORIBA
Scientific or in a Cary Eclipse fluorimeter, UV-Vis absorption spectra were taken on a Thermo Scientific
Evolution diode array UV-Vis spectrophotometer.

Determination of the fluorescence quantum yield

Fluorescence quantum yield for RVolt were determined by using Coumarin 102 (¢ = 0.124 in ethanol)?! as a
fluorescence standard. The quantum yield was calculated using the following equation (1):

¢F(X) = ¢rs)(AsFx/ AxFs)(ny/ ns)z eq. (1)

where ¢ is the fluorescence quantum yield, A is the absorbance at the excitation wavelength, F is the area under
the corrected emission curve, and n is the refractive index of the solvents used. Subscripts S an X refer to the
standard and to the unknown, respectively.

Cell Culture, Confocal Microscopy and ICsy determination. HeLa cells as well as live human pulmonary
adenocarcinoma epithelial cells (SK-Lu-1) were cultured in RPMI-1640 medium (RPMI Medium 1640 (1x), Gibco,
Gaithersburg MD) supplemented with 10% fetal bovine serum (FBS, Invitrogen, Carlsbad CA), L- glutamine (2
uM), penicillin G (100 u/mL), streptomycin sulfate (100 g/ mL) at 37°C with 5% v/v CO,. Live SK-LU-1 cells
were seeded on 8 Petri dishes of 5 cm diameter with glass bottom for 36 hours before experiments using RPMI-
1640 medium supplemented. Then, specific concentrations of RVelt and Control probes from 5 to 8 #M were used.
Commercial specific organelle localizers were added on each Petri dish 45 minutes before imaging experiments.
All dishes were washed two times with RPMI. During confocal imaging, microscope parameters were maintained
constant and excitation light was fully-shielded to prevent laser artefacts. Live cells were seeded in 8 well p—slides
(iBidi, Germany) at a density of 20000 cells per well one day prior to experiments in MEM alpha with 10% FBS.
On treatment day, cells were washed once in MEM alpha with no FBS and incubated with 5 to 8 uM RVolt or
Control probes for 30 minutes. For experiments with TMRM, 50 nM TMRM (Thermo Fisher Scientific) was added
10 minutes before RVolt. Cells were then washed twice in MEM alpha with no FBS and imaged maintaining 5%

CO; and 37°C during the experiments using an inverted Zeiss LSM 880 microscope or a Nikon A1R upgraded with

1 Rurack, K. and Spieles, M. Fluorescence Quatum Yields of a Series of Red and Near-Infrered Dyes Emittingat 600-1000 nm.
Anal. Chem. 2011, 83, 4, 1232-1242. https://doi.org/10.1021/ac101329h
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a spectral detector unit. On treatment day for fluorescence time course experiments, cells were incubated with 7
uM probe RVolt for 30 minutes in MEM alpha with 5% FBS for the indicated time at 37°C with 5% CO,, then
imaged at the same conditions using 100nM nigericin, 150 nM CCCP (after 5 min) and 5 pg/mL oligomycin A at
20 min. For ICsy determination, HeLLa cells were treated with RVolt, untreated cells were considered to have
100% survival. Cell viability was determined by a redox indicator (Alamar Blue). For cytotoxicity assays,
the cells were plated in 96-well plates at 5000 cells/well in RPMI-1640 medium. About 24 h after plating,
varied doses of RVolt at 0.5, 1, 10, 20, 25, 35, 50 and 60 uM concentration were added in triplicate. Cell
viability was evaluated after 72-h incubation using Alamar Blue fluorescent assay (Life Technologies,

Carlsbad, CA, USA). The obtained ICso was 98.5 + 4.8.

MitoLite Blue

MitoLite™ Blue

MitoLite™ Blue| Control Control

Figure S1. Co-localization imaging of the RVolt in live (A) SK-Lu-1 cells and, (B) HeLa cells using MitoLite™
Blue (blue panel, Acxc = 344 nm, Aem = 469 nm) co-localizer indicating that RVolt is mitochondria-specific with
Pearson’s coefficient of 0.96 and 0.94, respectively. (C) HeLa cells stained with MitoLite™ Blue and Control
probe in the blue, green and red channels, Pearson’s coefficient is lower than 0.5. Right panels represent the

Blue (Aexe 334 nm) — green (Aexc 488 nm) merged channels. Scale bar represents 20 pm.
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Quantum Chemical Calculations. Quantum Chemical Calculations were obtained by using DFT and TD-DFT with
Polarizable Continuum Model' as performed in the Gaussian 09 code, using a PBE0/6-31+G(d,p) level of theory
to determine the optimized molecular geometry of RVolt. Then, a frequency analysis corroborates that the geometry
corresponds to an energy minimum, finding no imaginary frequencies. As a first step in the analysis of the electron
charge distribution in the molecules, the electrostatic potentials were computed to compare the local charge
distribution between these molecules. Finally, Natural Transition Orbital (NTO)? analysis was computed at the same

level of theory to further understand the optical properties for probe RVolt.

Figure S2. TD-DFT three-model diagram of the synthesized RVolt (above) and Control (below) probes at PBE(/6-
31+G(d,p) level of theory. State energy difference (A) are taken for the ground (So) and first excited states (Si).
Arrows highlight the complementarity of the electron density difference distribution (green-purple structures),
charge transfer index upon photoexcitation (in green and red) and natural transition orbital pairs (in blue and red).
Parameters f and w are oscillator strength and NTO eigenvalues (the extent to which a given electronic excitation
can be seen as a single excitation), respectively.
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Table S1. Summary of charge-transfer (CT) indexes parameters upon photoexcitation for Control and RVolt.

[CTcharge(e) = 0.74 [cricharge (@)™  o.38
|CT distance (Ang  3.39 3.29827 0.08548 -0.09196 [CTdistance (Ang 6.77 -7.10309  0.11830 0.09568
4.63889  1.73527 0.26733 3.15268  1.21544 0.33485
[cT dipole (Debye  11.97 [crdipoiel(Debye  12.41
[Hindex(Ang)™  3.79 Hindex (Ang) | 3.47
-0.08325  -0.05940  -0.18165 -0.36350  -0.52650  0.05912
[tindex(Ang)"| -0.40 2.94190 0.89535 0.27187  [tindex(Ang) | 3.30 3.78388 1.16678 0.77507

Compound synthesis and chemical characterization

- O s
/@ a COOH b COOH
~N + — —_—
P Cre L0
\r|¢ OH \rlq 0"
Pr2
1

Pr

Control |

Scheme S1. Structures and synthetic methodology to obtain RVelt and Control probes: (a) Toluene, 120 °C, 24 h;
then NaOH (30% aq), 90 °C, 12 h; (b) H2SOs4, 60 °C, 2.5h, then HCIOy4; (¢) acetic anhydride, 60 °C, 3 h; pH 7.4 (d)
MeOH, HCI, 100 °C, 5h, Ar.

General Probe Synthesis

3-(dimethylamino) phenol (1,000 g, 3.5 mmol) and phthalic anhydride (1,079 g, 7 mmol) were mixed in 21 ml of
Toluene was stirred at 120 ° C at reflux for 24 h, the toluene was evaporated under reduced pressure, 100 mL of
NaOH (35% m / v) was added to the dry product, stirred at 90 ° C for 24 h. The mixture was neutralized with HCI,
a violet precipitate was obtained, this was crystallized by a pair of MeOH: H20 solvents. The final product (Pr1)
had melting point 182-183 © C and the mass equivalent to 74% yield.
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To a solution of Prl (0.5 g, 1.75 mmol) in 3 mL of H2SO4 was added dropwise cyclohexanone (0.36 mL, 3.5
mmol) at 0 ° C, stirred and gradually heated to 90 © C, kept at that temperature 2.5 h. The mixture was cooled in an
ice bath and HClO4 (0.3 mL, 7 mmol) was added dropwise to obtain a red precipitate (Pr2), the mixture was filtered
under vacuum and the solid was recrystallized from MeOH. The product has 220 ° C of m.p. and a yield of 61%.
Then, Pr2 (0.10 g, 0.3 mmol) and cinnamaldehyde (0.05 g, 0.3 mmol) on 10 mL of acetic anhydride were stirred at
0 © C for 30 minutes in an inert atmosphere. Subsequently, it was heated to 60 ° C and kept stirring for 3 hours.
The solvent was evaporated under reduced pressure and the solid was purified by column chromatography
(DCM:MeOH = 9: 1). A blue solid (Control) corresponding to 55% and m.p. of 189 ° C was obtained. '"H NMR
(DMSO, 400MHz): & 8.23 (d,1H, J =38), 8.07 (d,1H, J=12), 7.92 (t, I1H, J=18), 7.79 (t, 1H, J= 8), 7.66 (d, 2H, J
=38),7.43 (d, 1H,J=28), 7.34 (s, 1H), 7.33 (d, I1H,J=12),7.19 (t, IH, J=8), 7.15 (d, 1H, J=8), 6.89 (d, 2H, J =
12), 6.78 (d, 2H, J = 12), 3.26 (s, 6H), 3.05 (s, 6H), 2.89 (m, 2H), 2.38 (m, 2H),1.81 (m, 2H). *C NMR (DMSO,
400MHz) 164.5, 163.5, 158.9, 157.9, 153.6, 148.3, 142.9, 142.5, 135.9, 132.7, 132.0, 131.9, 131.5, 130.8, 129.7,
129.4, 127.6, 125.9, 123.7, 120.9, 117.6, 117.0, 113.2, 96.7, 40.8, 40.3, 27.5, 26.2, 22.0. FT-IR (cm™) COOH
(3535.57), methylene groups (2923.57, 2858.12), C=0 (1675.82), C-O-Coxonium (1084.64). HRMS [ESI"] m/z for
Cs3H33N203, calculated 505.25, found 505.2482.

RVolt was obtained by mixing 0.1 g (0.4 mmol) of Control with 10 mL methanol, subsequently 3 mL of
concentrated HCI were added. The reaction mixture was refluxed for five hours under Argon atmosphere. The
solvent was evaporated and then the product was purified by silica gel preparative chromatography using
Hexane/AcOEt =90:10 as eluent to afford 0.530 g of RVolt as a blue solid (84%, 1.770 mmol). m.p. =192 ° C and
90% yield. '"H NMR (DMSO, 400MHz): § 8.15 (d,1H, J=9.08), 7.99 (d,1H, J = 10.4), 7.83 (t, 1H, J = 8), 7.72 (4,
1H,J=28),7.56 (d, 2H, J=9.2), 7.36-7.20 (m, 3H), 7.13-7.07 (m, 2H), 6.80 (d, 1H,J=9.2), 6.71 (d, 1H, J=9.2),
3.60 (s, 3H), 3.19 (s, 6H), 2.98 (s, 6H), 2.82-2.73 (m, 2H), 2.30-2.12 (m, 2H), 1.73-1.63 (m, 2H). *C NMR (DMSO,
400MHz) 165.7, 162.9, 159.7, 157.3, 156.3, 152.4, 147.7, 141.7, 135.0, 134.0, 131.2, 130.6, 129.7, 129.0, 128.8,
124.4,124.0, 122.3, 120.6, 117.1, 116.1, 112.6, 96.3, 53.0, 40.8, 26.3, 24.9, 20.8. FT-IR (cm™") COOH (3400.75),
methylene groups (2856.65, 2249.65), C=0 (1655.91), C-O-Coxonium (1149.38). HRMS [ESI'] m/z for C34H3sN,Os,
calculated 519.26, found 519.2911.
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A) User Spectra

Fragmentor Voltage Collision Energy Ionization Mode
150 0 ESI
%10 6 + Scan (rt: 1.07 min) RCin.d
519.2911
4
2
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100 150 200 250, 93 2BnakR (Rp 500 550
Peak List
m/z z |Abund
519.2911 1 14909842.63
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B) User Spectra
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Figure S3. High-Resolution Mass Spectrometry (ESI-TOF technique through direct injection) for (A) RVolt and
(B) RVolt in esterase enriched buffer showing the main peak at 505.2482 corresponding to hydrolized-RVolt
(Control).
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Table S2. Catalan solvent parameters {SA, SB, SP, SdP} *4 for the RVolt probe.

Solvent SP SdpP SA SB Viscosity Em (RVolt)
(cP)
Cyclohexane 0.616 0 0 0.056 0.894 22400
Dioxane 0.737 0.312 0 0.444 1.177 18435
Toluene 0.782 0.284 0 0.128 0.56 23900
Diethyl eter 0.617 0.385 0 0.562 0.603 23650
MTBE* 0.622 0.422 0 0.567 0.224 24038
Chloroform 0.783 0.614 0.047 0.071 0.36 24331
Buthyl acetate 0.674 0.535 0 0.525 0.537 23550
Ethyl acetate 0.656 0.603 0 0.542 0.685 23640
Tetrahydrofuran 0.714 0.634 0 0.591 0.423 23710
Dichloromethane 0.761 0.769 0.04 0.178 0.793 24250
Octanol 0.713 0.454 0.299 0.923 0.456 23850
i-Propanol 0.633 0.808 0.283 0.83 0.413 23400
Acetone 0.651 0.907 0 0.475 7.288 19840
Ethanol 0.633 0.783 0.4 0.658 5.474 19300
Methanol 0.608 0.904 0.605 0.545 3.619 23100
Acetonitrile 0.645 0.974 0.044 0.286 2.544 22900
DMF? 0.759 0.977 0.031 0.613 2.038 23050
Ethyleneglycol 0.777 0.91 0.717 0.534 0.306 23360
DMSO¢ 0.83 1 0.072 0.647 1.074 22730
Water 0.681 0.997 1.062 0.025 0.544 19920

¢ Methyl-tert-butyl ether, * N,N-dimethylformamide and ¢ Dimethyl sulfoxide
* The mathematical treatment of solvent effects introduced by Catalan is based on four empirical and independent solvent

scales:

Y=Y+ dsa SA + bSB SB + Csp SP + dep SdP

Eq.(2)
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Here SA, SB, SP and SdP are the solvent acidity, basicity, polarizability and dipolarity properties, respectively. The
coefficients asa, bss, csp and dsqp represent the contribution of each type of interactions. Then, a Catalan solvent
analysis was carried out in order to understand the solvent parameters that affect the photophysical properties ( Vs,
em and A ;) in probe RVolt. The {SA, SB, SP, SdP} parameters for each solvent are taken from reference 4. The
regression coefficients y,, asa, bss, csp and dsqp, standard errors and the multilinear correlation coefficient, r, are

presented in Table S2 (above). In the case of Vs, a good multilinear fit of 0.905 was obtained.

The correlation data analysis without including the viscosity parameter in the multilinear regression analysis is:

R (multilinear) 0.8317 error

YO0 30610.3321 2645.4688
SP -8789.5643 3054.5693
SdP -545.0894 1012.2585
SA -4459.3479 1002.9566
SB -1487.5398 1010.3685

The correlation data analysis including the viscosity parameter in the multilinear regression analysis is:

R (multilinear) 0.7893 error

YO0 28544.8321 4431.3245
SP -1834.8329 6276.0445
SdP 1532.7329 1523.7832
SA -6506.4314 1732.8322
SB 101.4292 1374.7532

Similar results were found for the free Control probe (data not presented).
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Determination of pK. and partition coefficients (logP):

The different Control probe species formed during the acid-base titration using spectrophotometric methods and
their corresponding pK, vales is presented as follows:

COOH

PKa1 ‘7&”‘
FN o
|
N/
I
1.0 .
o7 == 1.4x10° 1 o o
Sos H ~  80x10° o
pH <05 550 nm p 3 J\
0.8 K 6 £ oxi0’]
2.03 i u 1.2x10 1080 g 1; 500 nm
l / 10.89 ggf 1.0x10° g z.ono’}‘
0.6 A R R R 1 B e e
o 8.0x10° pH

0.4 6.0x10°

\ 4.0x10°
024 %

Absorbance (A.U.)

2.0x10°

0.0

Fluorescence Intensity (a.u.)

400 500 600 700 800 900 1000 1100 T 400 500 600
A (nm) A (nm)

Then, pK, values were obtained by the following equations:

Abs =(A;, + Ag » 100K} /(1 + 10@Ha"PHD) for UV-Vis absorption spectra

FI =(Flin + Flo » 107%"PD)/(1 + 10@KapiD) for Fluorescence spectra

Then, the obtained pK,i and value pK,» are 2.78 + 0.18 and 6.78 + 0.05.

Finally, Log P values were measured via octanol partitioning by a modification of the shake-flask method and as
previously described.> An aliquot of 100 ml of 300 mM of the probe in Tris buffer (10 mM, pH 7.4) and 100 ml 1-
octanol (Aldrich) were added to a 0.5 ml microtube. Buffer was employed in order to measure log P of the probes
at physiogloical pH where Control can be in the spirolactone form. The tubes were vortexed for 1 min and
centrifuged; 25 ml of each layer was removed and diluted in 100 ml 3:1 methanol:Tris or methanol:octanol for a
final composition of 3:1:1 methanol:octanol:Tris. The aqueous layer was diluted an additional 4-fold. Three
dilutions were prepared per layer, 100 ml of each dilution was pipetted into a 96 well plate, and the absorbance read
at 488 nm and 625 nm wavelengths. The mean As, of three dilutions was calculated for each layer. The log (Asq
of the organic layer/Asqy, of the aqueous layer) yielded log P. All absorbance measurements used were within the

linear range of the instrument.
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