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Near Infrared Emitting Molecular Rotor Based on Merocyanine for Probing the Viscosity of Cellular Lipid Environments

Fluorogenic molecular rotors have demonstrated their efficiency to probe viscous environments in various cell compartments. Green emitting BODIPY rotors are non-charged and thus are widely used in bioimaging. However, noncharged rotors operating in the near infrared region and exhibiting high brightness are rare. We herein synthesized five different merocyanines dyes (MCs) from a dihydro-xanthene scaffold and studied their spectroscopic properties. Notable differences were observed, which allowed us to establish structure/properties relationships. Among MCs, MC-TB, bearing thiobarbituric electron acceptor group, displayed high sensitivity to viscosity, excellent photostability, high extinction coefficient (>100,000 M -1 .cm -1 ) and bright emission with sharp peaks in the near infrared region (∼700 nm), which are favorable features for bioimaging. In cells, MC-TB stained the most hydrophobic and viscous organelles namely the lipid droplets. To increase the versatility of this new rotor, a mitochondria targeted version, MC-TB-Mito, was synthesized. The latter showed similar appealing photophysical properties and it was successfully used to report variation and heterogeneity of mitochondrial viscosity using multicolor fluorescence microscopy and fluorescence lifetime imaging (FLIM). Finally, we used MC-TB-Mito to reveal an important increase of mitochondrial viscosity during cell apoptosis.
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Introduction

Among various biophysical parameters, the viscosity plays an important role in many biological processes.

1 Indeed, the controlled diffusion of biomolecules is ensured by a defined viscosity. Therefore, variation of viscosity can be related to several diseases. 2, 3, 4 Fluorescence imaging, due to its high sensitivity and the relative affordability of microscopes has become a widespread bioimaging modality in laboratories. Consequently, many fluorescent probes sensitive to their molecular environment, 5 have been developed to monitor intracellular variation of viscosity. Although different systems have been used to develop such probes including photoinduced electron transfer (PET) quenching, 6 or organometallic complex, 7 molecular rotors based on small fluorogenic organic molecules have proven their efficiency.

8, 9 10, 11 Among the molecular rotors, those based on BODIPY benefit from a relatively high brightness due to high extinction coefficient and high quantum yields. [START_REF] Miao | Functionalized BODIPYs as Fluorescent Molecular Rotors for Viscosity Detection[END_REF] Notably, they served to probe the viscosity of membranes, 13, 14 mitochondria, 15 and lysosomes. 16 Their derivatives for Halo-tag protein labeling were also applied for organelle viscosity imaging. [START_REF] Chambers | An Optical Technique for Mapping Microviscosity Dynamics in Cellular Organelles[END_REF] Moreover, we recently used a BODIPY rotor with a specific binder of phosphatidylserine as a efficient fluorogenic reporter of apoptosis. [START_REF] Ashokkumar | A Fluorogenic BODIPY Molecular Rotor as an Apoptosis Marker[END_REF] Despite the advantageous properties of BODIPYbased rotor, the latter remain limited to the green color (emission around 500 nm) thus preventing its use in multicolor imaging in combination with the widely used GFP or other common green emitting dyes. For these reasons, a special attention has been drawn towards the development of redshifted molecular rotors. Among them, those emitting in the near infrared (NIR) region possess multiple advantages including, reduced background noise from cell autofluorescence, limited photo-damage and compatibility with other dyes emitting in visible range for multicolor imaging. Moreover, due to deep tissue penetration and reduced light scattering NIR probes are adapted for in vivo imaging. [19][START_REF] Umezawa | New Trends in Near-Infrared Fluorophores for Bioimaging[END_REF] NIR rotors based on cationic styryl dyes possess interesting viscosity response but are limited by rather low brightness and broad spectra. 21, 22, 23, 24, 25, 26 Although rotors based on carbocyanines display enhanced brightness, 27, 28 they remain cationic and thus tend to target the mitochondria which limits their versatility. To circumvent this issue, red-shifted neutral rotors have been developed. 29 Surprisingly, only few of them, mainly carbocyanine-based merocyanine, emitting in the NIR have been described in the literature. and calcium.
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The dihydroxyxanthene hemicyanines can be obtained from Knoevenagel condensations of cationic acids on dihydro-xanthene carbaldehyde (DXC, scheme 1).

42, 43, 44 Interestingly, DXC is, by itself, emissive in the visible range and was used as a red/green ratiometric pH probe. 45 Herein, we investigated on the ability of the extended DXC scaffold to provide noncharged merocyanines with desirable photophysical and molecular rotor properties. When studying the five new fluorescent probes (MC), notable differences were observed and a structure/properties relationship has been established. Among the new MCs, MC-TB displayed a high sensitivity to viscosity with reduced sensitivity to polarity, high brightness and photostability combined with a fluorescence emission in the NIR (700 nm) with sharp absorption and emission peaks. In cells, MC-TB successfully probed LDs and was additionally transformed into a mitochondrial probe that reported on heterogeneous mitochondrial viscosity using confocal microscopy and fluorescence lifetime imaging (FLIM).

Results & discussion

Synthesis

The synthesis of the merocyanines (MCs) arose from a Knoevenagel condensation between 5 different non-cationic acidic C-H compounds and 6-(Diethylamino)-2,3-dihydro-1Hxanthene-4-carbaldehyde (DXC, scheme 1). The latter was obtained following the protocol described by Romieu et al.
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with an adapted purification method (See SI). While malononitrile (2CN) and cyano-ethylacetate (CEA) were chosen as typical molecular rotor blocks, [START_REF] Luby-Phelps | Cytoarchitecture and Physical Properties of Cytoplasm: Volume, Viscosity, Diffusion, Intracellular Surface Area[END_REF] Meldrum's acid (Mel) and indane-1,3-dione (Ind) were chosen as efficient cyclic Knoevenagel donors. Thiobarbituric acid (TB), which is a part of the commercially available merocyanine MC-540, [START_REF] Easton | Merocyanine 540 as a Fluorescent Probe of Membranes: Staining of Electrically Excitable Cells[END_REF] was also used. Screening conditions for the Knoevenagel condensation using piperidine as a usual catalyst in various solvents led to either low conversions or degradation. Finally, acetic anhydride in the presence of sodium acetate at room temperature provided the desired compounds in modest to high yields (up to 88%). The obtained compounds were characterized by 1 H, 13 C NMR and high-resolution mass spectroscopy (See SI). In the case of MC-CEA, two isomers could have been obtained. However, further NMR studies including NOESY and 13 C-1 H coupled NMR unambiguously confirmed that the E-isomer was selectively obtained (See SI). S2, tables 1 & S1-S5), and absorption and emission peaks sharpened (Figure S1), which is in line with previous works on neutral merocyanines. 47 Additionally, superimposition of absorption and excitation spectra in both toluene and methanol indicated that the entire absorption spectra correspond to emissive species (Figure S3). Interestingly, a structure/properties relationship can be established depending on the nature of substituents connected to the DDX scaffold (R in scheme 1). Indeed, it was noteworthy that MCs displayed significant differences of their photo-physical properties between those bearing "open" form substituents (MC-CEA and MC-2CN) and those bearing "cyclic" ones (MC-Mel, MC-Ind and MC-TB). In polar solvents, the "cyclic" MCs displayed sharp peaks in both absorption and emission, which are mirror images, indicating similar geometries in both S 0 and S 1 states. Conversely, the "open" MCs, conserved broad and multi-peak spectra (Figure S4) along with limited extinction coefficients from 32,600 to 57,800 M -1

.cm -1 and large Stokes' shifts (table S1-S5). These observations are consistent with the structures as cyclic substituents restrict the rotation around the  bonds in both ground and excited states, thus limiting the number of vibrational states (Figure S4). As a consequence of the narrowing of the peaks, the "cyclic" MCs also showed much higher extinction coefficients (up to 106,000 M -1

.cm -1 ).

Another difference arose from the solvatochromism properties. While the "open" MCs displayed a relatively large negative solvatochromism in emission, "cyclic" ones displayed notable positive solvatochromism in absorption and small positive one in emission (MC-Mel and MC-Ind) or, in the case of MC-TB, virtually no solvatochromism (Table 1). The most striking difference between the "open" and "cyclic" MCs was observed in the photostability. MCs along with MC-540 (a reference and commercial merocyanine
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) were irradiated at the same value of extinction coefficient for 1 h (Figure 1C). The results showed that whereas the "open" MCs were totally photobleached within 20 min, the "cyclic" MCs displayed .cm -1 with sharp absorption and emission spectra. 3) MC-TB proved to be the most photostable. 4) Finally, MC-TB is the most red-shifted MCs, being efficiently excited at 640 nm (widely used laser line) and emitting in the NIR (∼700 nm).

Prior to imaging, MTT assays were performed on MCs, showing no cytotoxicity of MC-TB up to 5 M (Figure S10). Based on our experience in the field, 48, 49, 50, 51 and due to the fluorogenic properties of MC-TB in viscous media combined to its lipophilic nature (non-charged structure and presence of two n-butyl groups), MC-TB was expected to act as an efficient probe for lipid droplets (LDs). Indeed, LDs are viscous 52 and highly hydrophobic organelles. [START_REF] Collot | Probing Polarity and Heterogeneity of Lipid Droplets in Live Cells Using a Push-Pull Fluorophore[END_REF] Whereas MC-TB is nonfluorescent in PBS due to aggregation caused quenching suggested by its broad absorption spectrum (Figure S11), it displays a sharp emission (= 0.15) in the viscous vitamin E acetate oil, 53 thus provoking a fluorescence enhancement of 860-fold at 696 nm. In order to confirm its performance in bioimaging, MC-TB (1 M) was incubated with KB cells and imaged by laser confocal microscopy using a near-infrared detection channel (excitation wavelength at 640 nm). Thanks to its brightness and photostability, MC-TB revealed the cell LDs as intense spots in 3D images obtained from >50 images Z stack (Figure 2). Since LDs are already highly viscous, we wanted to prove that the newly developed rotor could image variations of viscosity in a different specifically-targeted organelle. Monitoring mitochondrial viscosity gained attention as it revealed important information about cellular biology and provided new insights into certain diseases. 54, 55, 56 In order to demonstrate the versatility of our NIR rotor, we undertook the synthesis of a functionalized form of MC-TB that would target the mitochondria, namely MC-TB-Mito (Scheme 2). To achieve this aim, a functional arm was installed in the first step as an ester during the N-alkylation of 3-hydroxyaniline. The aniline 1 was further N-alkylated and the obtained compound 2 was then formylated by Vilsmeier-Haack reaction, yielding aldehyde 3. The DCX derivative 4 was then obtained and the ester was saponified to afford acid 5. The latter was coupled to an amine bearing a triphenylphosphonium moiety as a specific mitochondrial targeting moiety. [START_REF] Zielonka | Mitochondria-Targeted Triphenylphosphonium-Based Compounds: Syntheses, Mechanisms of Action, and Therapeutic and Diagnostic Applications[END_REF] Aldehyde 6 was then involved in a Knoevenagel reaction with 1,3-di-n-butyl-2thiobarbituric acid to finally afford MC-TB-Mito.

Probing lipid droplets

Synthesis of a viscosity probe for mitochondria

Once the probe obtained, spectroscopic studies were performed.

Although MC-TB-Mito displayed similar photophysical properties to its parent MC-TB dye, it possessed higher quantum yield in methanol (0.05 and 0.01 respectively). The probe responded in a fluorogenic manner to the increase of viscosity with a fluorescence enhancement of 9.4-fold at 700 nm (figure 3A), reaching a maximum quantum yield of 0.43 in glycerol. Following the Förster-Hoffmann equation, an excellent correlation was found between MC-TB-Mito's quantum yield and the viscosity (Figure 3B). Finally, the mean fluorescence lifetime of MC-TB-Mito was measured in solutions with increasing viscosity. The fluorescence decay was
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shown to be monoexponential in low viscosity media and biexponential when the glycerol content reached 40% (table S6) with a gradual increase from 0.16 ns in low viscosity solvent (MeOH) to 1.97 ns in highly viscous glycerol (Figure 3C). Overall, MC-TB-Mito showed high sensitivity to the viscosity combined with a high brightness in the NIR region making it a promising mitochondrial viscosity probe. 

Cellular imaging

At first, the cytotoxicity of MC-TB-Mito was assessed by MTT assay. Although MC-TB-Mito was toxic for cells at high concentration (5 M), the cell viability at the concentration used in cellular imaging (1 M) was comparable to control cells (Figure S12). In a second time, we determined the subcellular localization of MC-TB-Mito using laser scanning confocal microscopy (Figure 4A-C). Images of HeLa cells co-stained with MitoTracker green and MC-TB-Mito exhibited a high colocalization pattern with a Pearson's coefficient of 0.82 ± 0.03 (12 images), thus confirming that MC-TB-Mito targeted the mitochondria. Interestingly, a difference was observed between the fluorescence staining of mitochondria with MC-TB-Mito and MitoTracker green. The intensity of MC-TB-Mito green was less homogeneous within the cells compared MitoTracker, suggesting that the viscosity of mitochondria could differ between cells. Thereafter, we focused on evaluating the ability of MC-TB-Mito to probe variations of mitochondrial viscosity (Figure 4D-F). To this aim, we used nystatin, a drug known to increase the viscosity of mitochondria. 58 Non-treated HeLa cells and cells pre-treated with 5 M nystatin were incubated with MC-TB-Mito and were submitted to live cell imaging. Confocal images revealed a notable increase of the NIR fluorescence intensity (3.7-fold) when the cells were treated with nystatin, thus confirming the high sensitivity of MC-TB-Mito and its ability to sense mitochondrial viscosity. Once again, in normal conditions, notable differences in fluorescence intensity were observed between cells of a same sample (Figure S13). Taking advantage of the fluorescence lifetime dependence on the viscosity, fluorescence lifetime imaging (FLIM) was performed on the same non-treated and treated cells. Although the probe spanned its lifetime from 0.16 to 1.97 ns in cuvette, only small non-significant differences of mean lifetime were observed between the two conditions (see figure S14, figure 4G mean = 1.56 ± 0.028 ns, Figure 4H mean = 1.66 ± 0.054 ns). The explanation is connected to the correlation between the fluorescence intensity and the fluorescence lifetime. Indeed, in absence of fluorescence staining that is non-dependent on viscosity, and when performing imaging in normal conditions, only cells displaying sufficiently bright mitochondria were visible and have been imaged by FLIM. Consequently, all imaged cells displayed relative high fluorescence lifetime values. In absence of nystatin, FLIM not only revealed heterogeneity of lifetime within a cell (Figure 4G) but also between two adjacent cells (Figure 4I), thus confirming our observation in intensiometric images (Figure S13). In order to better understand the heterogeneity within the cells of a same population, we hypothesized that bright cells, with high mitochondrial viscosity, could be assigned to an apoptotic status. To verify this hypothesis, apoptosis was induced by staurosporine 59, 60 (1 M) and then cells were incubated with MC-TB-Mito and imaged with confocal microscope. When comparing to control cells (Figure 5A), the apoptotic cells displayed a high mitochondrial fluorescence signal (Figure 5B) with a similar average intensity than those treated with nystatin (Figure 4F). Although this observation could be assigned to a variation of mitochondrial membrane's potential during apoptosis thus affecting the accumulation of the probe, our results are in line with previous works that showed that apoptosis was associated to an increase of mitochondrial viscosity.

26, 61, 62 

Conclusion

To fill the gap in development of non-cationic and bright NIR molecular rotors, we undertook the synthesis of five new NIRemitting fluorophores based on the dihydro-xanthene scaffold. The spectroscopic studies showed significant differences in their photophysical properties and structure/properties relationships have been established, which can assist chemists in developing new molecular rotors with improved properties. Among the developed MCs, MC-TB possessed appealing properties for monitoring viscous lipid environments as it showed a high rotor effect from methanol to glycerol displaying high brightness in viscous medium. When incubated with cells, MC-TB efficiently revealed the most hydrophobic and viscous organelles namely the lipid droplets. To demonstrate the versatility of the new rotor, we synthesized MC-TB-Mito that targeted the mitochondria. The probe This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 7

Please do not adjust margins Please do not adjust margins displayed high sensitivity to the viscosity with 9.4-fold fluorescence enhancement with a significant increase of mean fluorescence lifetime (from 0.16 ns to 1.97 ns). MC-TB-Mito efficiently reported on variations of mitochondrial viscosity using both intensiometric imaging and FLIM. In normal conditions, heterogeneity in mitochondrial viscosity between cells of the same population was observed. We thus hypothesized that it could be assigned to different apoptotic status that can alter the physiological functions of mitochondria. Indeed, further cell imaging using induction of apoptosis confirmed a correlation between the apoptosis and the increase of mitochondrial viscosity. We believe that the impressive performances of this newly developed NIR rotor will inspire further development of red shifted merocyaninebased rotors finding their use in multicolor imaging and potentially in vivo imaging. 

Experimental section

Materials

The solvents were of analytical grade and dry, reagents and starting materials were purchased form TCI, Alfa Aesar or Merck Millipore. Nystatin was purchased from Merck. Water was miliQ water. Phosphate buffered saline (PBS) was from Eurobio (Gourtaboeuf, France) and fetal bovine serum (FBS) from Lonza.

Synthesis

Protocols and characterizations can be found in the supplementary information. NMR spectra were recorded on a Bruker Avance III 400 MHz or 500 MHz spectrometers. Mass spectra were obtained using an Agilent Q-TOF 6520 mass spectrometer. LCs were performed on Agilent 1200 series.

Spectroscopic studies

All the solvents were spectroscopic grade. Absorption and emission spectra were recorded on a Cary 400 Scan ultraviolet-visible spectrophotometer (Varian) and a FluoroMax-4 spectrofluorometer (Horiba Jobin Yvon) respectively. For standard recording of fluorescence spectra, the emission was collected 10 nm after the excitation wavelength. All the spectra were corrected from wavelengthdependent response of the detector. Quantum yields were determined by comparison with Cresyl violet in MeOH (= 0.53) 63 or Rhodamine 800 in EtOH (= 0.25) [START_REF] Alessi | Rhodamine 800 as Reference Substance for Fluorescence Quantum Yield Measurements in Deep Red Emission Range[END_REF] as references using the following equation:

where QY is the quantum yield, I is the integrated fluorescence intensity, n is the refractive index, and OD is the optical density at the excitation wavelength. R represents the reference. The glycerol-containing solutions were placed in Eppendorfs, stirred and warmed up at 60°C for an optimal homogenous before being transferred in cuvettes, cooled at room temperature and measured. The viscosity of the MeOH/glycerol mixtures varies from 0.6 to 1317 mPa.s.
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Photostability assay

Solutions of fluorophores were placed in a 50 L quartz cuvette and the entire solution was continuously irradiated for 1 h at an excitation wavelength corresponding to an extinction coefficient of 20,000 M -1

.cm -1 for the different dyes with excitation slit opening at 16 nm. The fluorescence intensity was monitored at the maximum emission wavelength determined by the emission spectra prior to kinetic measurements. Emission slit opening was set to obtain 1,000,000 A.U.

Lifetime

Time-resolved fluorescence measurements were performed with the time-correlated, single-photon counting technique using the excitation pulses at 682 nm provided by a pulsepicked supercontinuum laser (EXR-20, NKT Photonics) equipped with an UV extension (SuperK EXTEND-UV). The emission was collected through a polarizer set at the magic angle and a 16 nm band-pass monochromator (H10, Jobin-Yvon) at the maximum of fluorophore emission. The instrumental response function was recorded with a polished aluminium reflector, and its full-width at half-maximum was 50 ps. Time-resolved intensity data were treated with an analysis using a Matlab home-made software based of Tcspcfit [START_REF] Enderlein | Fast Fitting of Multi-Exponential Decay Curves[END_REF] and the Maximum Entropy Method (MEM). 66 67 In all cases, the ² values were close to 1, and the weighted residuals as well as the autocorrelation of the residuals were distributed randomly around 0, indicating an optimal fit. Rhodamine 800 was used as a reference (1.93 ns in ethanol). Please do not adjust margins Please do not adjust margins removal, an amount of 100 µL DMEM containing 5 µM, 1 µM or 0.2 µM of MCs was added to the KB cells and incubated for 24 h at 37°C (5% CO 2 ). As control, the cells were incubated with DMEM containing DMSO (0.5% v/v) as a negative control or Triton™ X-10 (0.1%) as a positive control of cytotoxicity.

After 24 h of dye incubation, the medium was replaced by 100 µL of MTT solution in DMEM and the cells were incubated for 3 h at 37°C. Then, 75 µL of the solution was replaced by 50 µL of DMSO (100%) and gently shaken for 15 min at room temperature. The absorbance at 540 nm was recorded. Each concentration of dye was tested in sextuplicate. For each concentration, we calculated the percentage of cell viability compared to the control DMEM+ 0.5% DMSO as 0 µM of MCs.

Confocal imaging and FLIM

KB cells (ATCC® CCL-17) were grown in minimum essential medium (MEM, Gibco-Invitrogen) with 10% fetal bovine serum (FBS, Lonza), 1% non-essential amino acids (Gibco-Invitrogen), 1% MEM vitamin solution (Gibco-Invitrogen), 1% L-Glutamine (Sigma Aldrich) and 0.1% antibiotic solution (gentamicin, Sigma-Aldrich) at 37 C in humidified atmosphere containing 5% CO 2 . Cells were seeded onto a chambered coverglass (IBiDi®) at a density of 510 4 cells/well 24 h before the microscopy measurement. For imaging, the culture medium was removed and the attached cells were washed with Opti-MEM (Gibco-Invitrogen). The live cells were stained with MC dyes (1 M) prior to imaging and were imaged without any washing steps. Nystatin was added from a stock solution of 1 mM in DMSO (final concentration used for cells: 5 µM) and cells were incubated for 30 minutes at 37°C in humidified atmosphere containing 5% CO 2 before addition of the dye. For the apoptosis induction, cells were incubated with staurosporine (1 µM) for 2 hours at 37°C (with 5% CO 2 ) prior to the dye treatment. The plasma membrane was stained with MemBright-488 (200 nM) prior to imaging. [START_REF] Collot | BODIPY with Tuned Amphiphilicity as a Fluorogenic Plasma Membrane Probe[END_REF] MitoTracker

Green FM was purchased from ThermoFisher scientific. [START_REF]Life Technologies[END_REF] The colocalization studies were performed on several cells from different acquisitions using colocalization studio [START_REF] Lagache | Statistical Analysis of Molecule Colocalization in Bioimaging[END_REF] in the icy software. The images were all processed with Icy software.
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Fluorescence lifetime imaging

Lifetime imaging was performed using homemade two-photon excitation scanning fluorescence microscope based on an Olympus IX70 inverted microscope with an Olympus 60× 1.2NA water immersion objective operating in the descanned fluorescence collection mode. Two-photon excitation at 960 nm was provided by a mode-locked titanium-sapphire laser (Tsunami; Spectra Physics) or an Insight DeepSee (Spectra Physics) laser. We performed FLIM measurements using 30 μm × 30 μm scale and 128 pixels × 128 pixels. All FLIM data were analyzed using a commercial software package (SPCImage v2.8; Becker & Hickl, Germany).

Figure 1 .

 1 Figure 1. Normalized absorption (A) and emission (B) spectra of MCs (5 M) in toluene (Dash lines) and methanol (Solid lines). (C) Fluorescence intensity of MCs (5 m in DMSO) monitored under continuous illumination. The dyes were all excited at a wavelength corresponding to extinction coefficient of 20,000 M -1 .cm -1 . (D) Quantum yield () enhancement of MCs upon increase of the viscosity using MeOH/glycerol mixtures. η is the viscosity of the MeOH/Glycerol mixtures expressed in mPa.s .

Figure 2 .

 2 Figure 2. Fluorescence imaging of LDs using MC-TB. (A) Max Z-projection and (B) 3D images of KB cells incubated with MC-TB (1 M). Scale bar is 15 m in (A). Squares in xy are 15×15 m, graduation in z scale is 2 m in (B). Colored spots are LDs, the color scales of fluorescence intensity are indicated on the right. The nuclei are in grey.

Scheme 2 .

 2 Scheme 2. Synthesis of MC-TB-Mito. i) Ethyl 4-bromobutyrate, NaHCO3, KI, DMSO. ii) Ethyl iodide, NaHCO3, DMSO. iii) POCl3, DMF. iv) 2-bromocyclohex-1-ene-1carbaldehyde, Cs2CO3, DMF. v) NaOH (aq), MeOH. vi) (3-ammoniopropyl) triphenylphosphonium dibromide, HATU, DIEA, DMF. vii) 1,3-di-n-butyl-2-thiobarbituric acid, Ac2O, AcONa.

Figure 3 .

 3 Figure 3. Spectroscopic study of MC-TB-Mito. (A) Emission spectra of MC-TB-Mito in various solutions of glycerol/MeOH mixture, the spectra were normalized to their absorption at 640 nm, to reflect the variation in the fluorescence quantum yield. (B) Correlation between the fluorescence quantum yield of MC-TB-Mito and the viscosity of the medium using MeOH/glycerol mixtures. (C) Effect of viscosity on the lifetime decay of MC-TB-Mito.  is the mean fluorescence lifetime. Concentration of MC-TB-Mito was 1 M. Excitation wavelength was 640 nm.η is the viscosity of the MeOH/Glycerol mixtures expressed in mPa.s .

Figure 4 .

 4 Figure 4. Fluorescence imaging of live cell's mitochondria using MC-TB-Mito. Colocalization study: HeLa cells stained with Hoechst (blue color, 5 g.mL -1 ) and with (A) MitoTracker green (green, 200 nM) and (B) MC-TB-Mito (red, 1 M), (C) is the merge of (A) and (B), R is the Pearson's coefficient of colocalization. HeLa cells stained with Hoechst (cyan, 5 g.mL -1 ), MemBright-488 (green, 200 nM) and MC-TB-Mito (color-coded intensity, 1 M) in normal condition (-Nyst, D) and after incubation with 5 M nystatin (+ Nyst, E). (F) is the average fluorescence intensity of cells in (D) and (E). T-test value showed significant difference (p= 3.5x10 -21 , N=50). FLIM images of HeLa cells stained with MC-TB-Mito (1 M) in (G) normal condition and (H) after incubation with nystatin (5 M). The FLIM color code ranges from 1.42 ns to 1.64 ns. (I) FLIM images showing two individual adjacent cells in normal conditions displaying difference of mean fluorescence lifetime. Scale bars are 15 m. The color bar indicates the color lookup table used.

Figure 5 .

 5 Figure 5. Laser scanning confocal microscopy images of HeLa cells stained with MC-TB-Mito (1 M) without staurosporine (-Stsp, A) and with 1 M staurosporine (+ Stsp, B). (C) is the average of cells' fluorescence intensity. T-test value showed significant difference (p= 3.5x10 -43 , N=50).

Table 1 .

 1 Photophysical properties of the merocyanines at 5 M concentration.

	a FWHM: Full Width at Half Maximum, which denotes the broadness of the peak
	b Solvatochromic shift between toluene and MeOH expressed in nm
	c Negative solvatochromism in emission
	Spectroscopic studies
	First, absorption and emission spectra of MCs were recorded
	in five different solvents with increasing polarity (Figure 1A, 1B
	& S1). Their photo-physical properties in non-polar toluene
	and polar methanol are reported in table 1 (for other solvents
	see tables S1-S5). It was first noted that all MCs emitted in the
	NIR range with  Em ranging from 646 to 701 nm. In non-polar
	solvents (toluene, dioxane), all the dyes displayed multiple
	peaks and broad bands in both absorbance and emission
	spectra, denoting the potential presence of different
	vibrational states that can be assigned to rotations around the
	 bonds.	9, 47 In those solvents the emission spectra are
	different from the mirror image of the absorption spectra,
	indicating that the emissive species at the excited state are
	different from those in the ground state, which is typical for
	push-pull fluorophores. In polar solvents (ACN, DMSO and
	MeOH) extinction coefficients and quantum yields significantly
	increased (Figure
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