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Abstract 

A smart Off-On molecular scaffold/fluorescent probe 1 has been designed and synthesized. 

The probe has shown considerable photostability, cell permeability, organelle specificity and 

selectivity for ATP. The multicolor live cell imaging experiments in HeLa cells showed high 

selectivity of probe 1 for mitochondria with fluorescence ―turn – On‖ response.  As a proof of 

concept and promising prospects for application in biological sciences probe 1 has been utilized 

to detect ATP sensitively in a partial aqueous medium and intracellularly in HeLa cells. The 

favorable interaction between triphosphate unit of ATP and piperazine N atoms of probe 1 is 

attributed to synergistic effects of H-bonding and electrostatic interactions that encouraged the 

CH--- and →π stacking between anthracene and purine rings. Consequently, the observed 

enhanced ―turn-on‖ emission and a naked-eye sensitive blue-green color in the medium is 

attributable to arrest in photoinduced electron transfer (PET) process.  
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1. Introduction 

The majority of eukaryotic cells are rich in membrane-enclosed energy producing organelle – 

mitochondria, which actively participate in several cellular processes such as, cell signaling, 

cellular differentiation, reactive oxygen species generation and cell death (Mourtada et al., 2013). 

The mitochondrial dysfunctions directly influence the metabolic activities of cells, and can cause 

various degenerative and hyperproliferative diseases and cancers (Frantz and Wipf,  2010; 

Wallace, 1999). Thus, investigations related to structure and function of the mitochondria is of 

ultimate importance to understanding the respective physiological processes. Recently, 

researchers have shown the importance of subcellular imaging studies in diagnostics and 

therapeutics (Yousif et al., 2009) in which application of organelle specific localizable 

fluorescent probes/scaffolds are more promising, convenient and versatile to monitor biological 

events with high accuracy and low background (Kurishita et al., 2012; Ojida et al., 2009; Lee et 

al., 2014). Fluorescence based analytical methods are simple, sensitive, robust, highly specific 

and enable real-time monitoring of both in vivo and in vitro bioassays (Valeur, 2002).  

Further, in cells the nucleoside polyphosphates (NPPs; like, ATP, GTP, CTP, TTP, UTP) are 

ubiquitous and play vital role in various cellular events as well as in construction of basic genetic 

framework of all the life forms (Neelakandan et al., 2006). Particularly, various cellular and 

metabolic functions require energy in the form of ATP while the extracellular release of ATP 

and its derivatives also helps to transmit purinergic signal to immunological systems (Xu et al., 

2009; 2011). Similarly, GTP is involved in RNA synthesis, citric acid cycle, and acts as an 

energy source for protein synthesis (Kim et al., 2011).  
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In last decade, significant efforts have been made to develop selective fluorescent 

chemosensors to elucidate diverse biological functions in the areas of biochemistry, molecular 

biology, and clinical diagnostics (Neelakandan et al., 2006; Xu et al., 2009; 2011). However, the 

number of organelle specific chemosensors is less and needs more attention to understand the 

spatial dynamics of NPPs in a particular subcellular region as well as for targeted cell imaging 

studies (Dickinson et al., 2011; Lim et al., 2011; Kim et al., 2011; Ueno et al., 2011; Koide et al., 

2011). The molecular receptors and/or chemosensors frequently utilized in NPPs recognition 

involve hydrogen bonding interactions in aqueous medium however the interference of hydroxyl 

functions of glycon moieties is a limiting factor (Ramaiah et al., 2010).  

In the same perspective, our own research interest is in the direction of development of some 

new molecular scaffolds/chemosensors for selective detection of biomolecules and ions under 

important physiological conditions (Misra et al., 2010; Srivastava et al., 2011; 2013; 2014). The 

main inspiration of the present work is to develop a ―smart‖ molecular scaffolds/fluorescent 

probe that can easily localize in a specific cellular region particularly, in mitochondria and 

enable NPPs recognition selectively in the live cells. The bright blue fluorescence of anthracene 

and wide biological significance of piperazine (Gielen et al., 1999; Guo et al., 2004) unit 

encouraged us to develop present photoinduced electron transfer (PET) based molecular 

scaffold/probe 1. The suitably designed probe containing a piperazine-anthracene core is 

expected to produce the desired fluorescence response and to have the sensitivity needed to 

follow mitochondria, mitochondrial pH changes, and NPPs. The success of our probe is ascribed 

to the fact that it is a PET driven fluorophore for mitochondria targeting and interaction with 

ATP due to the presence of piperazine subunit. Probe 1 showed good photostability, low 

cytotoxicity and excellent membrane permeability toward living cells, which could be 
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successfully applied to monitor intracellular ATP effectively by confocal fluorescence imaging. 

The uniqueness of this system is that it complexes with ATP through synergistic effects of 

electrostatic and — stacking interactions and signals the event through the changes in 

emission and NMR spectroscopy techniques. In addition, the intensity changes of 1 as a function 

of pH in the presence and absence of ATP showed no dramatic spectral change in wide pH 

range.  We envision that this strategy will contribute to improvements in diagnostics and testing 

wherein mitochondrial pH dynamics are monitored as well as screening potential new 

mitochondria-targeting drugs. 

2. Experimental 

2.1. Materials and Methods: For details please see the Supplementary materials.  

3. Results and Discussion 

3.1. Synthesis and photophysical behavior of probe:  

The probe 1 was synthesized in good yield by refluxing 1-bezhydrylpiperazine 2 and 

bischloromethylanthracene 3 in the presence of K2CO3. The chemical structure of compounds 

were characterized by FTIR, 
1
HNMR, 

13
CNMR and HRMS spectral data analysis (see the 

Supplementary materials, Scheme 1 and Fig. S1-S5). The electronic transition spectra of probe 1 

(50 µM) showed absorption bands at 395, 374 and 355 nm in HEPES buffer (10 mM; pH 7.0; 

70% aqueous ACN) and upon excitation at 376 nm displayed weak emission intensity at 402 and 

422 nm (Φ = 0.001) due to photoinduced electron transfer (PET) process. The pH dependent 

emission spectra of the probe 1 was remained independent in the neutral and alkaline pH 5.5 to 

14 however, enhanced emission was observed with a bathochromic shift of 8 nm between pH 5.5 

to 4.0 (see the Supplementary materials, Fig. S6a-b). This suggested that probe 1 is well suited to 

work under physiological pH conditions (pH 7.0) while in acidic medium N atoms of piperazine 
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unit become protonated and led to enhance emission due to restricted PET. Moreover, the 

photostability of probe 1 was examined by irradiating the probe solution (at 365 nm; in HEPES 

buffer) under a xenon light source. After excitation at 376 nm, probe 1 showed almost 

insignificant variation in the emission intensity for 4h thus, suggested the good photostability of 

probe 1 and ensures the reliability of the fluorescence measurements (see the Supplementary 

materials, Fig. S7). Furthermore, the emission behavior of probe 1 upon interaction with various 

probable interferants present in the biological medium such as, metal ions (Na
+
, K

+
, Ca

2+
, Zn

2+
, 

Co
2+

, Cu
2+

 , Fe
2+

, Fe
3+

, Mg
2+

, etc), anions (F−, Cl
−
, Br

−
, I

−
, OAc

−
, CN

−
, ClO4

−
, HSO4

−
, NO3

−
, 

P2O7
4- 

(PPi), PO4
3−

), blood plasma protein (BSA) and metabolic thiols (like cysteine) (see the 

Supplementary materials, Fig. S8) revealed insignificant changes. Thus, it is noteworthy to 

mention that the present probe 1 can be potentially utilized for organelle specific cell imaging 

studies and detection of NPPs in vivo. 

3.2. Cell viability, Specificity and Multicolor Bioimaging studies:  

MTT assay was performed in HeLa cells to understand cytotoxic tolerance and cell 

permeability of different concentration of probe 1 in Krebs-Ringer-HEPES (KRH) buffer (25 

mM HEPES, 115 mM NaCl, 5 mM KCl, 1 mM KH2PO4, 1.2 mM MgSO4, and 2 mM CaCl2, pH 

7.4 ACN/H2O: 3:7, v/v). MTT assay with respect to control implicated that more than 50% cells 

were viable up to 40 µM concentration of probe 1 (see the Supplementary materials, Fig. S9). 

The observed bright blue color fluorescence of incubated HeLa cells under fluorescence 

microscope (at 380 nm excitation) suggested the excellent cell permeability of probe 1 as well as 

localization of 1 in the form of foci in the cytosol around the nuclear periphery of HeLa cells 

while no such bright fluorescence appeared from nuclei (Fig. 1, image A-I).  
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The observed cell morphology encouraged us to believe that probe has organelle specificity 

probably, mitochondria and can be potentially explored in targeted bioimaging studies. This we 

could confirm by performing subcellular colocalization investigations in Hela cells with probe 1 

and standard organelle specific biomarkers. The mitochondria tracker monovalent cationic 

fluorescent biomarker JC-1 (Molecular Probes) is a good tool to investigate the mitochondrial 

function. The typical difference in the ratio of red/green fluorescence of JC-1 is useful to identify 

status of cells during the induction of apoptosis (Smiley et al., 1991). Notably, with the rise in 

mitochondrial membrane potential the fluorescence of JC-1 changes reversibly from a green to 

red due to dye aggregation (J-aggregates) while cells with low membrane potential show green 

fluorescence due to excess of monomeric JC-1 (Lemasters and Ramshesh, 2007). 

 

Figure 1 

First, we performed colocalization studies to ensure nucleus nonspecificity of probe 1 by 
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incubating HeLa cells with a nucleus specific dye propidium iodide (PI) (Jones and Kniss, 1987). 

After proper washing with 1X PBS buffer PI treated HeLa cells were incubated with probe 1 (40 

µM) for 1h and then fluorescence images were acquired. Interestingly, the nuclei of the cells 

appeared in red color (PI, red) (Fig. 1, images A and F) while the blue fluorescence of 1 (Fig. 1, 

image B) appeared in the cytosol and intense blue color (comp, blue) accumulated at the 

periphery of the nucleus (Fig. 1, images G-I). The observation clearly suggested the spontaneous 

localization of probe 1 around the nucleus and in cytosol but not inside the nucleus. Further to 

have an insight about mitochondria specificity colocalization experiment was performed with 

probe 1 and dye JC-1 in HeLa cells. The confocal fluorescence microscope images illustrated 

mitochondria in red (JC1) color while the cells stained with probe 1 appeared in blue (pseudo 

green) color (Fig. 1, images J and K) respectively. Notably, the superimposed confocal images of 

HeLa cells clearly suggested about spontaneous localization of 1 and dye JC-1 in the 

mitochondria. Comparatively, the relative fluorescence intensity correlation plot indicated good 

affinity (about ~88%) of probe 1 for mitochondria (Fig. 1, image L and T). Next, cell imaging 

experiments were performed with endoplasmic reticulum and Golgi complex specific biomarkers 

ER Tracker
TM

 red dye (BODIPY
(R) 

TR Glibenclamide) and Golgin-97 antibody, respectively to 

ensure selectivity of probe 1 specifically for mitochondria. The incubated cells with the ER 

Tracker red dye and probe 1 appeared in red and blue colors, respectively (Fig. 1, images N-P) 

and the colocalized merged confocal images of HeLa cells suggested relatively low binding 

affinity of probe 1 with endoplasmic reticulum. Similarly, low intensity of probe 1 was observed 

in colocalization studies with Golgi complex specific dye (Fig. 1, images Q-S and S10). Thus, 

the multicolor bioimaging experiments provided the concrete evidence about the high organelle 

specificity of probe 1 to track mitochondria.  
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3.3. Nucleoside Pyrophosphates (NPPs) Selectivity of Probe 1 in aqueous medium  

The dynamics of various functions of mitochondria is difficult to comprehend and is very 

much dependent on the surrounding pH (Lee et al., 2014). The pH of mitochondrial matrix 

remains around ~8.0 because the respiratory electron transport process pumps out proton (H
+
) 

across the inner membrane of mitochondria (Abad et al. 2004). So, the medium outside the 

mitochondrial matrix is acidic and enzyme ATP synthase (H
+
-ATP) helps to produce ATP (Voet 

et al., 2006). A breakdown in this normal homeostasis leads to the production of reactive oxygen 

species (ROS, such as superoxide etc) that causes apoptosis (Smiley et al., 1991). Similarly, the 

anomalous aberration in mitochondria proton pump deregulate the Ca
2+

 ion homeostasis 

(Hajnoczky et al., 2006) that affect dehydrogenase activity associated with the tricarboxylic acid 

(TCA) cycle, (McCormack et al., 1990) adenine nucleotide translocase (Moreno-Sanchez et al., 

1983) as well as of ATP synthase (Yamada and Huzel, 1989).  

From these literature supports we envisioned that the observed enhanced emission in HeLa 

cells is probably due to interaction with ATP and/or protonation of probe 1 due to acidic pH 

across the inner membrane of mitochondria (Lee et al., 2014). Therefore, we intended to 

investigate the affinity of probe 1 toward different NPPs (AMP, ADP, ATP, CTP, UTP and 

GTP) in KRH buffer (10 mM; pH 7.0; 70% aqueous ACN) by absorption and emission 

spectroscopy. Probe 1 (10 µM) upon interaction with structurally similar nucleoside 

triphosphates NPPs including AMP and ADP (10 equiv) showed only a marginal change in 

absorption spectra (blue-shift of ~2-4 nm) (Fig. 2a and S11) however, weak emission intensity of 

1 (at 376 nm excitation; λem. = 402 and 422 nm; Φ5 = 0.001) enhanced significantly, fluorescence 

―turn-on‖ (Figure 2a) only in the presence of ATP and the color of solution changed from a dark 

blue to a fluorescent blue-green (Fig. 2a, images). The high selectivity of probe 1 toward ATP 
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has been further confirmed by interference studies. It is interesting to mention that the emission 

intensity of 1+ATP remained constant upon addition of tested NPPs including AMP and ADP (in 

excess, 50 equiv) (Fig. 2b).  

 

Figure 2 

 

Figure 3 

Furthermore, the binding affinity of probe 1 with ATP has been realized through the emission 

titration experiment. Notably, upon a gradual addition of ATP (0-2.0 equiv) to a solution of 

probe 1 fluorescence intensity enhanced gradually, (~15 fold) with a red shift of 2-4 nm (Fig. 3) 

and the estimated quantum yield was increased by ~14 fold (Φ5+ATP = 0.015). Job’s plot analysis 

suggested a 1:2 stoichiometry for an interaction between probe 1 and ATP (Fig. 3a) for which 

binding constant was estimated by B-H method and found to be 2 x 10
10 

/M
2 

(Fig. 3b). 
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Additionally, to estimate the limit of detection (LOD) a stock solution of 1 was serially diluted 

from 15.5 to 3.07 μM and emission spectra were acquired (Srivastava et al. 2014). From the 

linear calibration curve, obtained between the change in relative emission intensities and 

different concentration of 1 standard deviation was found to be 0.041. Similarly, from the slope 

of fluorescence curve, obtained between the change in relative fluorescence intensities (ΔI = I - 

Io) of 1 (5 µM) and different concentration of ATP calibration sensitivity (m) was estimated and 

found to be 16.95 (see the Supplementary materials, Fig. S12a-b). Now, applying equation (3) 

the limit of detection (LOD) of probe 1 to sense ATP was estimated and found to be 0.007 µM 

(3.69 ppb) which was comparable to other reported methods (Tedsanaa et al., 2013).  

3.4. ATP/ADP selectivity of Probe 1  

It is reported that except ADP the average concentration of ATP inside the cells is at least 5-

fold higher than other NPPs. Therefore, to realize the unique affinity of probe 1 for ATP in the 

presence of ADP we examined the fluorescence behavior (10 samples 10 M, 3 ml) by varying 

the ratio of ATP (0-100 M) and ADP (100-0 M) such that the total concentration of ATP and 

ADP remained 100 M in a 3 mL solution. The emission spectra of probe 1 containing ATP (10 

and 20 M) and ADP (90 and 80 M) showed fluorescence enhancement while the other 

gradient systems (containing 30-100 M of ATP and 70-0 M of ADP; total concentration = 100 

M) exhibited insignificant change, respectively (see the Supplementary materials, Fig. S13). 

These results suggested that probe 1 is capable to sense sensitively low concentration (~ 2 equiv) 

of ATP and effectively even in the environment of ADP.  

3.5. Nature of Interaction of Probe 1 with ATP:  

In an endeavor to explain the mode of interaction between probe 1 and ATP the 
1
H NMR 

titration experiment was performed in DMSO-d6-D2O solution (4:1; v/v). 
1
H NMR spectrum of 1 
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(Fig. 4) showed multiplet(s) at δ 8.47 and 7.49 ppm  corresponding to anthracene protons (H1, 

H4, H5, H8 and H2, H3, H6, H7) while benzhydryl protons appeared in the range of δ 7.34-7.14 

ppm. The resonances appeared at δ 4.40, 4.20, 2.49 and 2.25 ppm are attributable to H1’ (-CH2), 

H3’’ (-CH), H1’’ and H2’’ (-CH2 of piperazine unit) protons, respectively. Upon addition of 

ATP (1.0 equiv) to a solution of 1 a set of protons (H1 H4 H5 H8) exhibited upfield shift (Δδ = 

0.08 ppm) while other protons (H2 H3 H6 H7) exhibited downfield shift (Δδ = 0.11 ppm) and 

appeared at δ 8.39 and 7.60 ppm, respectively. Similarly, H1’ and H3’’ protons shifted downfield 

to appear at δ 5.06 (Δδ = 0.65 ppm) and δ 4.95 (Δδ = 0.75) ppm, respectively (Fig. 4). 

Importantly, the piperazine unit protons (-CH2; H1’’ and H2’’) upon interaction with ATP 

exhibited considerable downfield shift (Δδ = 1.52 and 1.18 ppm) to appear at δ 4.01 and 3.45 

ppm, respectively (see the Supplementary materials, Fig. S14-S17). The net downfield shift 

clearly suggested about the possible interaction of probe 1 with ATP wherein triphosphate arm of 

ATP possibly interacted with the N atoms of piperazine units. It is important to note that the 

resonances of a set of 4Hs (H1, H4, H5, H8) of anthracene unit after upfield shift coincides with 

the resonance of Ha proton of ATP (Fig. 4) and remained in proximity to adenine (purine base) 

moiety through typical synergistic effect of CH--- and →π interactions (Xu et al., 2009; 2011; 

Ramaiah et al., 2010). 
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Figure 4 

Further to support our hypothesis the 
1
H and 

31
P NMR spectra of ATP (disodium salt, Sigma) 

were acquired before and after the addition of probe 1. The 
1
H NMR spectrum of ATP (in D2O) 

showed resonances assignable to purine ring protons (Hb and Ha) at δ 8.44 and 8.26 ppm while 

annomeric proton (Hc) appeared at δ 5.97 ppm, respectively. Similarly, the resonances appeared 

at δ 4.40-4.19 ppm are attributable to protons (Hg, Hf, Hd and He) of glycon unit (Xu et al., 2009; 

2011). Upon addition of probe 1 (0.25 equiv; in DMSO-d6) to the solution of ATP upfield shifts 

were observed corresponding to resonances of Hc (Δδ = 0.005 ppm) and glycon unit protons (Δδ 

= 0.005-0.014 ppm) (see the Supplementary materials, Fig. S18a and S19-20) while the purine 

ring protons (Ha and Hb) marginally shifted downfield (Δδ = 0.001-0.004 ppm). Similarly, the 

31
P NMR spectrum of ATP illustrated resonances attributable to α, β and γ phosphorus atoms at δ 

-3.62, -15.14 and -3.08 ppm, respectively (Jose et al., 2007; Ojida et al., 2002) which upon 

interaction with 1 became broadened and shifted downfield (Δδ(α and γ) = 0.5 ppm; Δδ(β) = 0.57 

ppm) (see the Supplementary materials, Fig. S18b and S21-22). 

Moreover, FT-IR spectrum of probe 1 showed characteristic C-N stretching vibration band at 

1331, 1261 and 1136 cm
-1

 while in case of ATP bands appeared at 3354, 1104, 1050 and 1257 
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cm
-1 

are assignable to N-H/O-H, P=O and P-O-H functions, respectively (see the Supplementary 

materials, Fig. S23-25). Upon interaction with probe 1 significant blue shift occurred in the 

stretching vibrations of C-N function of 1 and P=O, P-O-H functions of ATP and new bands 

appeared at 1252, 1132, 1077 and 1132, 1077, 1004 cm
-1

 respectively. Thus, both NMR and 

FTIR spectral data analysis clearly suggested about the interaction of probe 1 with ATP (1:2 

stoichiometry) in which triphosphate chain of two ATP units establishes interaction with N 

atoms of piperazine unit while two adenine (purine base) units with anthracene moiety through 

CH--- and →π interactions.  

It is noteworthy to mention that probe 1 has shown enhanced emission in HeLa cells, under 

acidic condition (pH 6.0 to 4.0) as well as upon interaction with ATP but showed insignificant 

fluorescence response upon interaction with different class of anions including inorganic 

phosphates (Pi and PPi). Therefore, the week electrostatic interactions due to pyrophosphate 

chain of ATP are not solely responsible to get enhanced emission. Certainly, the H-bonding and 

electrostatic interactions of the triphosphate unit of ATP with piperazine N atoms of probe 1 

synergistically encouraged CH--- and →π stacking (Xu et al., 2009; 2011) between anthracene 

and purine rings which in turn arrest the PET and we could observed the naked-eye visual color 

change as well as enhanced ―fluorescence turn-on‖ response.   

3.6. Fluorescence Sensing of ATP in Live cells:  

We could able to demonstrate the practical utility of our designed probe 1 to recognize ATP 

in live cells. In subcellular region particularly, mitochondria a competition between H+ ions, due 

to acidic medium and ATP is reasonably possible. We could satisfy our this apprehension by 

performing a model experiment in KRH buffer and emission behavior of probe 1 was examined 

by the interference of H
+ 

ions and ATP separately as well as in a solution of 1 containing ATP 
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and H
+
 ions. Interestingly, upon addition of ATP before and after the addition of H

+
, the 

structural emission intensity corresponding to 1+ATP and/or 1+H
+
+ATP remained constant (see 

the Supplementary materials, Fig. S26). It clearly indicated that the probe is capable to interact 

with ATP in the absence or presence of excess of H
+
 ions in the solution and more or less would 

behave similarly in the subcellular region. Also, the intensity changes of probe 1 as a function of 

pH in the presence and absence of ATP showed no dramatic spectral change in wide pH range of 

5.5 – 10 within which most biological samples (5.25–8.93) can be tested. Also, in the presence of 

ATP, probe 1 exhibited good response at lower pH due to the interaction with protonated 

piperazine unit. As a result, probe 1 could be applied as biosensor to detect ATP in living cells 

without interference from pH effects. Based on experimental observations a plausible mode of 

interaction between 1 and ATP has been proposed in figure 5.  

 

Figure 5 

  

Furthermore, potassium cyanide (KCN) is known to inhibit oxidative phosphorylation in 

mitochondria (de-energization) under glucose starvation condition (Kurishita et al., 2012; Ojida  

et al., 2009; Lemasters and Ramshesh, 2007). Therefore, to accomplish the actual sensing ability 

of 1 an attempt has been made to acquire live cell images upon interaction with additional 
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supplement of extracellular ATP (10 equiv) in HeLa cells and in the presence/absence of glucose 

and KCN (0.1 mM). Notably, figure 6 shows that in the presence of glucose HeLa cells fluoresce 

blue on spontaneous localization with 1 (image A), 1+KCN (image B) and 1+ATP (image C). 

However, under the glucose starvation condition the fluorescence blue color of HeLa cells with 

1+KCN (image D) diminished after 10 min (image E). Thus, suggested about high affinity of 

probe 1 for ATP in living cells. This is because when ATP was supplemented from outside in the 

HeLa cells (1+KCN+ATP; image F) the blue fluorescence was remained persistent. The 

observation further suggested that under glucose starvation condition when KCN is added to the 

HeLa cells the production of ATP decreased while in the presence of glucose formation of ATP 

remained unhindered. Thus the observed persistent blue fluorescence of probe 1 is compensated 

by ATP synthesis and KCN has not affected the concentration of external ATP as well as inside 

the cell.  

 

 

Figure 6 

4. Conclusion  

In summary, we have successfully deigned a rational organelle specific fluorescence probe that 

enables selective recognition of ATP in live cell and in aqueous medium. The multicolor live cell 

imaging experiments with organelle specific biomarkers like, JC-1 (mitochondria), ER tracker 

red (Endoplasmic reticulum) and Golgin-97 (Golgi complex) have shown relatively high 
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selectivity of probe 1 for mitochondria. Moreover, the aqueous medium studies favor the 

interaction of triphosphate unit of ATP with piperazine N atoms of probe 1 through H-bonding 

and electrostatic interactions that synergistically enhance CH--- and →π stacking interactions 

between anthracene and purine rings. Consequently, the enhanced ―turn-on‖ emission was 

observed due to the restricted PET in which a naked-eye sensitive blue-green color appeared in 

the medium. We believe that the present findings have significance in the progress of cellular 

bioimaging techniques and will enable the application of self-localizable fluorescent 

probes/biosensors in elucidating important biological events, metabolic processes and to gain 

important information about the dynamics of nucleoside pyrophosphates in vivo.  Our ongoing 

research activities are engaged in this direction and trying to develop some efficient organelle 

specific cell imaging fluorescence probes to uncover such important issues.   
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FIGURE CAPTIONS 

 

Fig. 1. Fluorescence images of HeLa cells stained with; Panel 1: (A) propidium iodide (PI), (B) 

probe 1, (C) colocalization with PI and 1, (D) DIC image, (E) Merged images of A, B and D, (F, 

G, H, and I) magnified views, Panel 2: (J) JC-1 (red), (K) probe 1 (pseudo green), (L) merged 

and (M) DIC, Panel 3: (N, Q) probe 1, (O) BODIPY
(R) 

TR Glibenclamide, (R) Golgin-97 and (P, 

S) merged, Panel 4: Confocal fluorescence spectroscopy based fluorescence image intensity 

correlation between dye JC-1 and probe 1.  

 

Fig. 2. (a) Change in intensity of 1 and (b) 1+ATP upon interaction with NTPs; (50 equiv) in 

KRH buffer. Insets: change in color of 1 under UV light at 365 nm. Bar diagram of interference 

studies.   

Fig. 3. Emission titration spectra of 1 upon addition of ATP (0-2 equiv) in KRH buffer. (a) Job's 

and (b) B-H plots of 1 with ATP. 

Fig. 4. Partial
 1

H NMR titration spectra of 1 upon addition of ATP (0-1.0 equiv) in DMSO-

d
6
/D2O (4:1; v/v). 

Fig. 5. Plausible mode of interaction between probe 1 and H
+
/ATP. 

Fig. 6. Confocal fluorescence images of HeLa cells upon spontaneous localization of (A) probe 

1; (B) 1 + KCN in the presence of glucose; (C) 1+ATP; (D) 1+KCN (E) 1+KCN after 10 min 

under glucose starvation condition and (F) 1+KCN+ATP under glucose starvation condition.  
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Highlights 

 A smart molecular scaffold/fluorescent probe exhibiting fluorescence Off-On response. 

 Multicolor live cell imaging shows selectivity of probe for mitochondria. 

 The probe shows interaction with ATP due to synergistic effects of H-bonding, 

electrostatic and CH--- and →π interactions. 

 The enhanced ―turn-on‖ emission and a naked-eye sensitive blue-green color in the 

medium are attributable to arrest in photoinduced electron transfer (PET) process. 

 The work has significance in the area of cellular bioimaging techniques and will be 

helpful in elucidating important biological events and dynamics of nucleoside 

pyrophosphates in vivo. 

 



 

Graphical Abstract 

 

 

 

 




