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Abstract 

Investigating the dynamics of different biomolecules in the cellular milieu through microscopic 

imaging has gained paramount importance in the last decade. Continuous developments in the 

field of microscopy are paralleled by the design and synthesis of fluorophores that target specific 

compartments within a cell. In this study, we have synthesized four fluorescent styrene 

derivatives, a neutral styrylpridine, three cationic styrylpyridinium probes with and without 

cholesterol tether, and investigated for their absorption, emission, and cellular imaging 

properties. The fluorophores show solvatochromic emission attributed to intramolecular charge 

transfer from donor to acceptor with an emission range of 500-600 nm. The fluorescent 

cholesterol conjugate labels plasma membrane effectively while the fluorophores devoid of the 

cholesterol tether label mitochondria. Cholesterol conjugate also shows strong interaction with 

liposome membrane. Furthermore, the fluorophores were also used to track the mitochondria in 

live cells with high specificity. Cell viability assay showed overall non-toxic nature of the probes 

even at high concentrations. Through sidearm modifications, keeping the fluorescent core intact, 

we successfully targeted specific subcellular compartments of neuronal (N2a) and non-neuronal 

(HeLa) mammalian cell lines. This strategy of using a single molecular scaffold with subtle 

substitutions could be ideal in generating a variety of fluorophores targeting other subcellular 

compartments.  
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Introduction 

Targeted imaging of sub-cellular organelles is of paramount importance in cell biology and has 

triggered numerous investigations towards the design of various fluorophores[1-5]. The basic 

unit of life, a cell, is an intricately organized and highly dynamic entity, where the many 

organelles carry out specialized functions inside and yet regularly interact with one another. To 

get the accurate details of the cellular activities, visualization of these organelles becomes 

necessary. This necessity steered the research towards fluorophore-based targeted imaging that 

gives us visual evidence of the cellular world. For this purpose, Donor-π-Acceptor based 

fluorescent organic molecules offer several tunable design strategies. A particularly exciting 

scaffold based on styrylpyridine, offering strong environmental sensitivity was extensively 

investigated for various applications including, DNA intercalation or groove binding[6-9], 

analyte detection [10-12], imaging of plasma membrane[13] and mitochondria [14-16], 

histological staining [17, 18], investigation of norepinephrine transportation[19, 20] formations 

of supramolecular assemblies [21-26] and organic electronic applications[27-30]. In the current 

study, we systematically investigate the utility of styrylpyridine and its derivatives to image 

cellular compartments such as the plasma membrane and mitochondria. The plasma membrane 

apart from maintaining cell integrity plays a vital role in various other processes such as signal 

transduction, cell differentiation, and cell fusion. Thus, designing membrane probes that can 

effectively label the plasma membrane might be beneficial for a better understanding of the 

cellular structure. A typical probe must have red-emission to enable penetration depth, cellular 

membrane compatibility and preferably possess a suitable recognition moiety. For this purpose, 

we utilized styrylpyridine as an extrinsic fluorophore linked to the cholesterol moiety to 

investigate cellular imaging. Cholesterol is an integral member of the mammalian cell 

membrane, and it provides structural stability to the cell. Hence, targeting cell membrane or 

cellular processes has been achieved through the tagging of the probe with cholesterol[31, 32]. 

Various reporter molecules such as NBD[33], Bodipy[32, 34], pyrene[35], Dansyl[36], and 
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others were conjugated to cholesterol and were used to study cellular processes such as 

trafficking, model membrane studies, and biomolecular interactions[37]. 

Furthermore, among the various units of cell organelles, mitochondria, the powerhouse of the 

cells, always hold particular importance due to its complex functionality that regulates cellular 

physiological states[38, 39]. Consequently, monitoring of mitochondrial processes through the 

use of fluorophores received significant attention [14, 40-42]. In this work, we utilize a single 

fluorescent core to achieve targeted imaging of the plasma membrane and mitochondria. In short, 

we synthesized four styrylpyridines (Scheme-1): the neutral styrylpyridine 1, cationic methyl 

pyridinium derivative 2, hydroxyl propyl pyridinium derivative 3, and novel pyridinium- 

cholesterol conjugate 4. The newer fluorescent cholesterol conjugate 4 exhibits large Stokes’ 

shift with excitation and emission in the visible region and shows high specificity to the plasma 

membrane with no cytotoxicity. A comparison with existing cholesterol conjugates is given in 

Table- S1. Interestingly the styrylpyridines 1-3 devoid of the cholesterol linker stain the 

mitochondria in green to red regions, while the pyridinium cholesterol conjugate labels the cell 

membrane. We have also demonstrated the ability to track live mitochondrial movement and 

mitochondrial events such as fusion, fission with the help of our mitochondrial specific styrene 

probes. The results of absorption, emission, and cellular imaging studies are presented in the 

following sections. 

Experimental Methods 

All the necessary chemicals and reagents required for the synthesis of the probes were purchased 

from Aldrich, Alfa Aeser, TCI Chemicals, Avra Synthesis, or SD Fine-Chem. The synthesized 

samples were characterized using 1H and 13C NMR (Bruker Advance III-500 MHz) in 

chloroform-D or dimethyl sulphoxide (D6) solvents. The absorption studies were performed on 

Analytik Jena Specord 210 instrument, and the steady-state and the fluorescence studies were 

measured using Horiba Jobin Yvon Fluorolog-3 spectrofluorimeter with a slit width of 2 nm. The 

sample concentrations used for the fluorescence studies are in the order of 10 µM. The excitation 

wavelength for recording the emission spectra is typically kept at the absorption maxima of the 

samples under investigation. Mass spectral data is recorded using Water Synapt G2S ESI Q-ToF 

mass spectrometer.  
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Model membrane preparation 

DPPC model membrane was prepared by a solvent evaporation method. DPPC lipid was 

dissolved in chloroform-methanol 2:1 (v/v) at the desired molar ratio, and after that, the solvent 

layer was dissolved under reduced pressure. The dried lipid layer was hydrated soon after the 

solvent layer was evaporated by the addition of triple distilled water and kept in 55-60 C to 

form final vesicles. The required amount of probe (0.4 mM) was incorporated into the lipid layer 

in the chloroform-methanol mixture. Imaging of model membrane was performed on a Leica 

Laser Scanning Confocal microscope (TCS SP8) equipped with HyD and PMT detectors using a 

458 nm laser. 

Plasmids 

Plasmids coding for fluorescently-tagged subcellular organelle specific markers such as Mito-

ECFP and Mito-DsRed were generated by sub-cloning into ECFP-N1 and DsRed-N1 plasmids 

and used for labeling the mitochondria. ECFP-MEM was generated likewise by sub-cloning into 

ECFP-C1 to label the plasma membrane. KDEL-BFP and LAMP1-YFP were also generated 

similarly for the labeling of endoplasmic reticulum and lysosome respectively. 

Cell culture and live-cell imaging: 

HeLa and Cos-7 cells were grown in DMEM (Gibco) supplemented with 10% FBS (Gibco) and 

2 mM GlutaMAX (Gibco) at 37 C in a humidified environment with 5% CO2. EMEM (Gibco) 

was used in the place of DMEM for culturing N2a cells. For live-cell imaging studies, 1.5 x 105 

cells were grown on glass-bottom dishes. These cells were subsequently transfected with 1 µg of 

plasmid DNA using TurboFect transfection reagent (Thermo Scientific) and incubated overnight. 

On the following day, cells were further treated by adding 2 µl of the probe from 1 mM stock 

(prepared in DMSO) to 2 ml of DMEM and incubated for 10 min at 37C and washed three 

times in HEPES buffer (pH 7.4) before imaging under the microscope. Live-cell imaging was 

performed on a Leica Laser Scanning Confocal microscope (TCS SP8) at 37C temperature in 

the presence of 5% CO2. Images were obtained using 405 nm, 458 nm and 561 nm lasers (for the 

fluorescent proteins: 405 nm and 561 nm lasers used for Mito-CFP, ECFP-MEM, and Mito-

DsRed respectively; wherein for the styrene-1 we have used 405 nm and styrene-2 to styrene-4: 

458 nm laser) and the emission signals were collected using HyD and PMT detector.  
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Mitochondrial tracking experiments live-cell imaging was performed in epifluorescence mode 

using a Nikon inverted microscope (Nikon Eclipse Ti2, Japan) equipped with 37OC with 5% CO2 

EMCCD camera (Andor iXon 897Ultra, USA). Images were acquired at ten frames/sec using 

Nikon software (NIS element AR, Japan).  

Mitochondrial membrane potential change  Cells were seeded to the 35 mm glass-bottomed 

live-cell dishes at a density of 1.5 × 105 cells per dish in culture medium. After 24 h, cells were 

treated with 20 μM CCCP for 20 min and incubated with 1 μM probe before live-cell imaging 

using Laser Scanning Confocal microscopy (Leica SPI8).  

Cell Viability Assay 

MTT assay was performed to calculate the toxicity of the probe in mammalian cells.  Five 

thousand HeLa cells were seeded per well and grown in 96-well plates. After 24 h of seeding, the 

cells were treated with different concentrations (0.25, 0.5, 1, 2, 4, 8, and 10 µM) of the probes 

respectively and incubated for 24 h. The cells that served as the negative control containing 

respective concentration (v/v) of DMSO alone (without any probe) were replenished with fresh 

media. After the treatment duration, the media was aspirated from all the wells and incubated 

further with 0.5 mg/mL of MTT for 4 h. Media containing the MTT was then removed after 

which, DMSO was added to solubilize the formazan. The absorbance values were recorded using 

BioTek SYNERGYH1 plate reader at 570 nm. Absorbance values of cells treated with the 

probes were normalized against the untreated cells (negative contro l). The percentage cell 

viability was calculated with the help of the negative control as reference, where the cells were 

treated with solvent (DMSO) alone. Finally, the percentage cell viability is plotted against probe 

concentration as mean ± SD. The results presented are an average of three independent sets of 

experiments.  

Data Analysis 

Analysis and quantification of co- localization were performed using ImageJ software (nih.gov). 

The overlap coefficient and Pearson correlation coefficient (PCC) were evaluated by using the 

co-localization finder plugin of the same software. Background fluorescence was subtracted from 

this maximum value for the respective filter, and then the pixel intensity comparisons were 

carried out.  
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Mitochondrial tracking Individual mitochondria were tracked frame-by-frame using the 

custom-written plugin in ImageJ (nih.gov), and graphs were plotted in Origin 9.1 (Origin Lab).  

Results and Discussion 

Synthesis  

The styryl probes (1-4) were prepared as per the scheme-1 given below. 4-picoline was 

condensed with dimethylamino benzaldehyde to yield the neutral styrene 1. Methylation of 1  

with methyl iodide produced styrene 2, and the reaction of 1 with 3-bromopropanol yielded 

styrene 3 bearing a 3-carbon linker with a hydroxyl terminus.  Reaction with 3-bromopropyl 

cholesteryl formate, prepared by using cholesteryl chloroformate and 3-bromopropanol[43] with 

styrene 1 yielded cholesterol conjugated styrene 4. Except styrene 1, the other styrenes 2-4 

contain a single cationic charge that facilitated their solubility in aqueous media. The synthetic 

procedures and the characterization spectral data are given in the supporting information.    

Absorption and emission studies 

The absorption and emission data of the styrenes 1-4 are summarized in Table-1. Styrene 1 

bearing a dimethylamine donor and pyridine acceptor absorbs at ~370 nm in non-polar dioxane. 

Styrene, 2, containing pyridinium group shows significant bathochromic shifts with absorption 

maxima at 463 nm. The wavelength shifts are a result of extended conjugation owing to the 

presence of a robust electron-withdrawing pyridinium group. Styrene 3 with a hydroxypropyl 

unit and styrene 4 having a cholesterol moiety does not affect the absorption maxima [Fig 1a]. 

The molecules show moderate solvatochromic shifts with increasing solvent polarity. Styrene 1 

absorbs at 370 nm in dioxane and shows absorption at 379 nm in polar DMSO. Styrenes 2-4 [Fig 

1b and Fig S1] also show moderate solvatochromic effects with an increase in solvent polarity: 

463 to 471 nm for 2, 463 to 475 nm for 3 and 464 nm to 477 nm for 4. For cationic styrenes 2-4, 

the absorption spectra are broad and show a hypsochromic shift in water. The broad absorption 

spectra in water could be due to weaker water solubility, and the hypsochromic shift is attributed 

to charge stabilization in water [12, 44].   
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Table 1: Absorption and emission of styrenes 1-4 in homogeneous solvents. 

 1 2 3 4 

Solvent 
λa   

(nm) 

λf 

(nm) 

λa  

(nm) 

λf 

(nm) 

λa 

(nm) 

λf 

(nm) 

λa 

(nm) 

λf 

(nm) 

Dioxane 
THF 
DMSO 

DMF 
CH3CN 

CH3OH 
H2O 

370 
372 
380 

375 
370 

377 
- 

445 
485 
495 

483 
485 

500 
522 

465 
470 
470 

470 
470 

476 
450 

555 
595 
617 

615 
615 

605 
610 

463 
474 
475 

475 
473 

480 
455 

570 
594 
628 

617 
616 

606 
615 

465 
470 
478 

478 
478 

483 
455 

565 
595 
615 

610 
610 

606 
610 

 

 

 

 

 

 

 

 

 

 

 

 

Scheme 1. Synthetic strategy for the Styrenes 1-4. Reaction Conditions: (i) KOH, 125C, 8 h; (ii) 

Ethanol, 100C, 8-9 h; (iii) 3-bromopropanol, acetonitrile, 100C, 16 h; (iv) 3-bromopropyl 

cholesterylformate, triethylamine, dry DCM, 0C, 12 h. 
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Fig. 1. Absorption spectra of styrenes 1-4 in (A) acetonitrile and absorption spectra of (B) 

styrene 4 in different solvents.   

 

 

 

 

 

 

Fig. 2. Emission spectra of (A) styrene 2  and (B) styrene 4  in different solvents 

Analogous to the absorption data, the emission of neutral styrene 1 significantly differs from the 

cationic fluorophores 2-4. Neutral styrene 1 emits at 445 nm in dioxane, but cationic compounds 

show emission at 554-570 nm regions. Solvent polarity has a strong effect on the emission of the 

styrenes. Upon increasing the solvent polarity, gradual emission changes were obtained with an 

overall bathochromic shift of 50 nm (styrene 1) from dioxane to dimethylsulfoxide [Fig S2a]. 

The bathochromic shifts observed for styrenes 2-4 are similar to the neutral derivative with shifts 

in the range of 50 -65 nm [Fig 2 and Fig S2b], and the shifts are attributed to the charge 

stabilization in polar solvents[45]. On the other hand, substitution with hydroxyl alkyl or 

cholesteryl tethers does not impact the emission behavior as compared to styrene 2.  
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Interaction with model membrane 

 Liposomes possess long-chain hydrophobic fatty acids and mimic the plasma membrane 

in vitro[46, 47]. The cholesterol tether can contribute to the enhanced hydrophobicity and target 

the membrane easily. Considering the inherent property, we have investigated the spectroscopic 

behavior of the cholesterol-conjugate 4 in the liposome membrane to evaluate its membrane 

binding characteristics. Styrene 4 exhibited ~40 fold increment (at 570 nm) in fluorescence 

intensity [Fig 3A] in DPPC (dipalmitoylphosphatidylcholine) model membrane system along 

with ~40 nm blue shift in the emission wavelength. This emission change is an indication of 

probe-liposome interaction[48]. We presume that the cholesterol ‘head group’ in probe 4 is 

anchoring the molecule into the membrane, and the remainder fluorescent core lies outside. 

Styrene 4 is also able to sense the phase transition temperature of the membrane since the change 

in the fluorescent intensity decrement is evident from the spectral behavior[48] [Fig S3]. To 

further validate the specificity, we imaged the liposomes using laser scanning confocal 

microscopy and probe (styrene 4) showed strong colocalization with liposome membrane [Fig 

3B]. The cumulative spectroscopic and microscopic response has thus inspired us to study 

cellular imaging for the plasma membrane. 

 

 

 

 

 

 

 

Fig. 3: Interaction of styrene-4 with in vitro model membrane: (A) Emission behavior of 

styrene 4 in water and model membrane (DPPC) [Green and blue lines indicate the intensity 

enhancement and blue shift of the styrene 4 after binding to model membrane], (B) Confocal 

microscopy images of DPPC membrane tagged with styrene 4; scale bar: 5 µm. 
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Subcellular localization of the styrene probes: 

Styrene probes label mitochondria and cell membrane in HeLa cells 

Styrylpyridine and its derivatives have been explored for use in various cellular processes and 

are also known for organelle-specific imaging[13, 14, 49]. Here, we aimed to label specific 

subcellular compartments using fluorescent probes containing a single styrylpyridine core. 

Generally, the cationic pyridinium core of styrenes enables better electrostatic interaction with 

the mitochondrial membrane[39, 50]. To explore their specificity and competence of subcellular 

localization, we performed fluorescence live-cell imaging using microscopy. In live HeLa cells, 

all four styrenes efficiently crossed the plasma membrane within 10 min of incubation and 

showed intense subcellular distribution. Styrenes 1-3 show dynamic long thread- like structures 

that are uniformly distributed in the cytoplasm resembling mitochondrial localization, while 

styrene 4 strongly labeled the cell periphery. The subcellular localization was further confirmed 

by incubating the probes with cells expressing FP (fluorescent protein)-tagged organelle-specific 

markers. The incubation of probes 1, 2, and 3 with HeLa cells expressing FP-tagged 

mitochondria specific markers, Mito-DsRed and Mito-ECFP, showed robust co- localization with 

the mitochondrial compartment (Fig 4 A-L). As compared to styrene 1 (PCC: 0.18), the styrenes 

2 and 3 showed better mitochondrial specificity (PCC: 0.56 and 0.78, respectively) with a high 

signal-to-noise ratio. Furthermore, we have also expressed other cell organelle specific 

fluorescent markers. We transfected the Cos-7 cells with BFP-KDEL (Endoplasmic reticulum 

marker) and LAMP1-YFP (Lysosome marker) plasmids before imaging. The observed 

morphological pattern: mesh- like network of ER and circular structures of lysosome is distinct 

from the thread-like mitochondrial structures obtained with styrenes 2 and 3 [Fig. S4]. Styrene 4 

showed strong co- localization (PCC: 0.52) with plasma membrane labeled with ECFP-MEM 

(Fig. 4 M-P), FP-tagged plasma membrane-specific marker. We also analyzed the intensity 

profile of various cellular regions and compared the signal intensity of both compound and 

marker channels (Fig. 4 D, H, L, and P). The results for styrenes 2 and 3 are consistent with the 

previous findings of the cationic pyridinium derivative’s capability to exploit the electrochemical 

potential of the mitochondrial membrane and label mitochondria specifically in vivo [51, 52].  
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Fig. 4. Labeling of subcellular compartments with styrenes in HeLa cells. Styrenes (1-4, 

extreme left panel; 1 µM of each styrene) were incubated with HeLa cells expressing fluorescent 

protein (FP)-tagged organelle-specific markers (second panel from left) and overlaid (third panel 

from left). Representative images of cells incubated with (A-C) Styrene 1 (E-G) Styrene 2 (I-K) 

Styrene 3, and (M-O) Styrene 4. (D, H, L and P) represent the intensity profile of line drawn in 

the ROI shown in inset images of respective styrenes (extreme right panel).  Dotted yellow lines 

indicate the outline of transfected cells; white asterisks indicate nuclei. (scale bars, 10 µm). 
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Being a neutral derivative and owing to lower solubility, styrene 1 show high background noise 

in the emission signal (Fig. 4 A). On the other hand, the presence of cholesterol moiety in styrene 

4 provides extra leverage to target the plasma membrane by interacting with the lipid and 

cholesterol-rich domains of the mammalian cell membrane making styrene 4 a lucrative probe. 

Together the data suggest that the importance of sidearm modifications of the single fluorescent 

core in targeting different cellular compartments. 

Styrenes label mitochondria and cell membrane in N2a cells 

For assessing the labeling ability of the styrenes in other cell types, we also performed live-cell 

imaging with the N2a cell line (neuroblastoma cells). Although the foundational architecture is 

the same as non-neuronal cells, neurons exhibit unique and specialized functionalities. Thus  

imaging the various compartments hold promise in elucidating minuscule details of the neurons. 

The results of the co- localization assay showed that styrenes 2 and 3 efficiently labeled the 

mitochondria, while styrene 4 show robust localization in the plasma membrane, corroborating 

our earlier observations in HeLa cells [Fig 5]. Apart from calculating the Pearson coefficient, we 

have also analyzed the pixel intensities from each compound and marker channels, and data 

indicated a healthy overlapping pattern [Fig 5].   

Styrene probes are not cytotoxic 

The suitability of a probe for its use in living cells can be ascertained by examining its cellular 

toxicity. In this context, the cytotoxicity of the synthesized styrenes was assessed by a 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. No relevant signs of 

cytotoxicity were observed even while working at high concentrations (10 µM) over 24 h for all 

styryl probes [Fig 6]. This further strengthens our claim to use them as cellular probes for 

labeling subcellular compartments in live and fixed cells. Besides, the effect of the solvent used 

for the imaging experiments was also found to be non-significant in toxicity experiment.   
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Fig. 5. Labeling of subcellular compartments with styrene probes in N2a cells. Styrenes (2-4 

– extreme left panel; 1 µM of each styrene) incubated with cells expressing fluorescent protein 

(FP)-tagged organelle-specific markers (second panel from left) and overlaid (third panel from 

left). Representative images of cells incubated with (A-C) Styrene 2 (E-G) Styrene 3 and (I-L) 

Styrene 4. (D, H, and L) represent the intensity profile of line drawn in the images of respective 

styrenes (extreme right panel).  Dotted yellow lines indicate the outline of transfected cells; white 

asterisks indicate nuclei. (scale bars, 10 µm). 
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Fig. 6. Cell viability assay of styrenes 1-4 investigated using the MTT assay; the dotted line 

signifies the negative control where the cells were not treated with any probes.  

Styrenes for live mitochondrial tracking in mammalian cells.  

Mitochondria are highly motile and dynamic organelles. Their motility affects their functionality 

in terms of cell division, development, and overall cellular growth. Interestingly they exhibit 

different behavior at the onset of altered physiological and metabolic states that eventually lead 

to several diseases such as Alzheimer’s, Parkinson’s, and cancer[53, 54]. Hence visualizing these 

differences over a periodical change of time is pertinent through tracking them with specific 

probes. The live-cell tracking of mitochondria using external fluorophores requires the probe’s 

specificity towards mitochondrial membrane potential, low toxicity, high signal- to-noise ratio, 

and high photostability[54].  By these parameters, we herein, track the mitochondrial movement, 

mitochondrial fission and fusion events with the help of our mitochondria selective styrenes 2 

and 3 [Fig 7 A and B, SI movie-1 and movie-2]. We were able to trace the mitochondrial 

dynamics, such as microtubule-based bidirectional motion due to simultaneous presence and 

activity of plus- and minus end-directed microtubule-based motor proteins of kinesins and 
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dyneins respectively on the mitochondrial membrane[55, 56], Representative tracks of 

mitochondrial tracks for  2 and 3 are shown in Figure 8.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7. Live mitochondria tracking in mammalian cells: (A1-A10) A montage of a representative 

cell treated with 1 M styrene-2 showing live mitochondrial motion at different points. (B1-B10) 

A montage of a representative cell treated with 1 M styrene-3 showing live mitochondrial 

motion at different time points. Dotted yellow lines indicate the outline of cells treated with 

styrene probe; white asterisks indicate nuclei; white arrow indicates the movement of single 

mitochondria over time. (scale bars, 10 µm). 
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Fig 8: High-resolution live-cell tracking of mitochondria motion using Styrenes: Mitochondria 

were fluorescently labeled with Styrene probes and used for tracking their dynamics in live cells. 

Representative tracks of typical bidirectional motion of mitochondria in cells labeled with A) 

Styrene 2 and B) Styrene 3.    

Styrenes are sensitive to mitochondrial membrane potential 

To test the sensitivity of the fluorophores to mitochondrial membrane potential, the cells were 

treated with CCCP (Carbonyl cyanide m-chlorophenyl hydrazine), a mitochondrial membrane 

potential uncoupler. At the onset of disturbed membrane potential, styrene 3 doesn’t show 

specific mitochondrial binding as is evident from the fluorescence signal throughout the cells 

(Fig 9). Thus the binding of the fluorophore is dependent on the membrane potential and its 

electrostatic mode of interaction. 
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Fig 9: Styrene binding to mitochondria is membrane potential sensitive: (A) HeLa cells treated 

with styrene 3 and (B) HeLa cells incubated with 3 in presence of CCCP. Scale: 5 µM. 

Conclusion 

In summary, we demonstrated the solvatochromic behavior and cellular localization of four 

styrene probes in non-neuronal and neuronal cell lines. Mitochondria- specific localization was 

observed for cationic styrenes 2 and 3, whereas the styrene 1 had a low signal to noise ratio in its 

ability to stain mitochondria. Furthermore, we have also demonstrated tracking of the live 

mitochondrial movements in cells and revealed that our dyes are sensitive to monitor live 

mitochondrial dynamics in real- time. Styrene 4 with pendant cholesterol successfully targets the 

plasma membrane and shows strong interaction with liposomes. We expec t this work might give 

a holistic approach to the scientific community towards designing various organelle-specific 

probes keeping a single fluorescent core, which in turn enables us to work more efficiently in 

multiple optical windows.   

Supporting Information:  Absorption, emission, and synthetic characterization data are 

provided. 
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Graphical Abstract 

 Cholesterol derivatives image plasma membrane and the fluorophores without 

cholesterol tether image mitochondria.  
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 Styrlpyridine with and without cholesterol tether were synthesized.  

 The fluorophores show solvatochromic emission attributed to intramolecular charge 

transfer in green to red wavelength regions. 

 The neutral and the cationic styrylpyridines image and track mitochondria  efficiently and 

also  

 Cholesterol- tethered styrylpyridine stains plasma membrane and also shows robust 

interaction with liposomes  
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