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We report the application of a chemodosimeter ‘turn on’ 

fluorescent probe for detecting endogenous H2S formation in 

cancer cells. Mito-HS showed a bathochromic shift in UV-vis.-

absorption spectrum from 355 nm to 395 nm in the presence of 

H2S. Furthermore, it showed ~ 43-fold fluorescence enhancement 

at λem 450 nm in the presence of H2S (200 µM). The cancer cell-

specific fluorescence imaging reveals that Mito-HS has the 

ability for distinguishing cancer cells from normal cells based on 

the level of endogenous H2S formation. In due course, Mito-HS 

would be a powerful cancer biomarker based on its ability to 

estimate endogenous H2S formation in living cells. 

 

Hydrogen sulfide (H2S) a gaseous molecule plays an active role as 

a neurotransmitter in our nervous system. Hydrogen sulfide is 

produced endogenously by enzymes such as cystathionine-β-

synthase (CBS), cystathionine-γ-lyase (CSE), and 3-

mercaptopyruvate sulfurtransferase in a controlled fashion.1 Sulfur-

containing amino acids such as cysteine, homocysteine produces 

H2S by enzymatic decomposition in several  organs such as heart, 

vasculature, brain, kidney, liver, lungs, and pancreas.2 H2S may be 

produced  by non-enzymatic metabolic pathways3 and from some 

bacteria in the intestine.4 However, imbalance of endogenous H2S 

production induces several diseases including, Alzheimer’s disease, 
Parkinson’s disease, and other neurodegenerative diseases.5  

Sometimes over production of H2S in vital organs invites inception 

of other diseases like  diabetes.6  A study indicates that translocation 

of cystathionine-β-synthase (CBS) in vascular smooth-muscle cells 

produces the H2S under hypoxic condition.7  Moreover, a recent 

study also shows that cystathionine-β-synthase (CBS) and 

cystathionine-γ- lyase (CSE) are overexpressed in colon cancer and 

ovarian cancer cells; thus bridging its direct link with H2S over 

production in cancer cells.8 

Recently various chemical reactions based fluorogenic probes for 

H2S have been developed and used for cell labeling9 and in vivo 
imaging.10 Even though a large number of H2S probes have been 

reported in the past few years; a handful of them were for 

mitochondrial H2S.11 Unfortunately, none of them can detect H2S 

formation in cellular milieu without adding any external stimulator 

as a source of H2S. The detection of intra-mitochondrial H2S 

formation is pivotal;  because excess H2S leads to the dysfunction 

the activity of mitochondria, such as energy production, 
depolarization, and cellular respiration.12 Moreover,  a recent study 

indicates that CBS enzyme has localized in the mitochondrial outer 

membrane in cancer cells and it accelerates cancer cell proliferation 

and angiogenesis.13 Developing a fluorescent probe for getting 

information on endogenous H2S formation in cancer cells over 
normal cells without adding any external stimulator is remains a 

challenging task. The quantitative information on H2S formation in 

situ living cells can be a key hallmark for labeling of cancer cells. In 

this context, a new probe has synthesized (scheme-1) utilizing the 

basic concept of fluorescence off-on mechanism to discriminate 

cancer cells from normal cells.    

 

 
 
 

Scheme 1 Synthesis of Mito-HS  
 

The probe Mito-HS was synthesized in four successive steps 

(scheme 1). The details of synthetic methods and including the 

spectroscopic evidence, such as mass, 1H-NMR, 13C-NMR, HRMS, 

HPLC are available in supplementary information (Fig. S1-Fig. 
S14).  

 To check whether the probe Mito-HS meets our expectation, we 

recorded UV-Vis and fluorescence changes of Mito-HS in aqueous 

buffered solutions at physiological pH (pH 7.4) (Fig. 1) in the 

presence of variable concentrations of H2S. We observed in Fig. 1a, 

the UV-vis absorption peak at λab 370 nm gradually decreases with 
the appearance of a new absorption band at λab 395 nm in the 

presence of variable concentrations of H2S.  Also, in Fig. 1b, a 

gradual increase in fluorescence intensity at λmax 450 nm upon 

addition of H2S (0-200 µM) to the Mito-HS was observed; it finally 

reached a saturation point in the presence of 200 µM of H2S. It was 
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observed that the fluorescence intensity of Mito-HS was ~ 43 fold 

higher in the presence of H2S (200 µM).  These results imply that 

Mito-HS is capable of detecting H2S in physiological (10–600 µM) 

condition.14 We have calculated lower detection limit by applying 

regression equation; which was found to be 24.3 nM (Fig. S15). 
 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1 (a) UV-Vis absorption and (b) fluorescence spectra of Mito-HS (5 

µM) were recorded in the presence of variable concentrations of Na2S (0-200 

µM) Inset: average fluorescence intensity (λem = 450 nm) changes with Na2S. 
(c) Fluorescence change of Mito-HS (5 µM) with Na2S (100 µM) at different 

time intervals (0-70 min.). (d) Fluorescence responses of Mito-HS (5 µM) in 

the presence of various biologically important analytes: (a) cysteine (Cys), 
(b) H2O2, (c) NaNO2, (d) Cu(OAc)2, (e) Zn(OAc)2, (f) FeSO4, (g) FeCl3, (h) 

Na2CO3, (i) GSH, (j) NO, (k) Na2S2O3, (l) K2S5, (m) N2S4, (n) ascorbic acid 

(AA) and (o) Na2S. (GSH: 5 mM). Experiment was carried out in PBS (0.2% 

DMSO) at 37 oC. 

 

The response time of probe for a particular analyte is crucial; 
especially biological complex environment as chemical entities in 

cellular milieu is temporal. Thus, time-dependent fluorescence 

recoveries at λmax 450 nm were recorded in the presence of H2S (20.0 

eq.). The results presented in Fig. 1c indicate that the fluorescence 

intensity gradually increased with time and plateaued at 60 min. It 

was found that Mito-HS reacts with H2S at a rate of 5.4 X 10-3 S-1 

(Fig. S16). It suggests that Mito-HS may be able to provide real-

time information on H2S formation in the cellular microenvironment. 

To justify the selectivity of Mito-HS toward H2S over other 

competitive ions, we recorded fluorescence signal changes of Mito-

HS in the presence of various chemical entities such as H2S, cysteine 

(Cys), H2O2, NaNO2, Cu(OAc)2, Zn(OAc)2, FeSO4, FeCl3, Na2CO3, 
GSH, (AA), NO, Na2S2O3, Na2S4, K2S5 and ascorbic acid. 

Spectroscopic data in Fig. 1d indicated that the Mito-HS didn’t 

show any considerable fluorescence change as noticed for H2S. 

Further, this finding strongly supports our proposed concept to use 

Mito-HS for tracking of H2S formation in cellular milieu. 

Next, the stability and reactivity of Mito-HS toward H2S at 
variable physiological pH ranges were estimated. The result in Fig. 

S17 indicates that Mito-HS was stable within biological pH scale as 

its fluorescence intensity remained unaltered. Whereas, in the 

presence of H2S; the fluorescence intensity of Mito-HS was high 

with marginal depreciation in the lower pH range. This finding 

suggests that Mito-HS is very stable; thus, it is most appropriate to 

detect H2S formation in cellular milieu. 

  Further, we estimated the ability of Mito-HS to detect H2S in 

blood serum. The result in Fig. S18 indicates that the fluorescence 

intensity of Mito-HS was increased ~ 30-fold in blood serum (0.45 

mM albumin protein) within 25 min.  

  Before proceeding to apply it to validate in vitro hydrogen 

sulfide (H2S) in living cells, we have established the cause of 

fluorescence increment of Mito-HS in the presence of hydrogen 
sulfide (H2S). The probe Mito-HS pretreated with H2S (200.0 µM) 

for an hour, was subjected to 1H-NMR and liquid chromatography-

mass spectroscopy (LC-MS). 1H-NMR data in Fig. S19 indicates 

that it corresponds to the amino-coumarin derivative as proposed in 

Scheme-S2. Further, in LC-MS (Fig. S20), the mass of the major 
component (> 93.01%) had matched the amino- coumarin derivative 

(FL-1; MS = 492.6). These findings altogether suggest that H2S had 

reduced –N3 moiety to –NH2
15 and concomitantly a new fluorophore, 

7-amino- coumarin derivative had been generated. Thus, the 

quantum yield of Mito-HS had increased to 0.479 from 0.045 due to 

formation FL-1 in the presence of H2S (Na2S). 

Next we checked the biocompatibility of a probe before applying 

to the cells for imaging; thus we assessed the cytotoxicity of Mito-

HS in HeLa, MDA-MB-231 and DU145 cells. The cytotoxicity of 

Mito-HS was estimated by the conventional MTT assay. The dose-

dependent MTT assay data at 48 h as given in Fig. S21 indicates that 

Mito-HS didn’t show any cytotoxicity against all the three cancer 
cells. This result encourages that Mito-HS can be used as a probe for 

tracking of endogenous H2S formation in living cells. 

The fluorescence ‘turn-on’ chemoselectivity, stability in 

physiological pH range and biocompatibility of probe Mito-HS were 

checked. Next, we evaluated the ability of Mito-HS for 

distinguishing cancer cells from normal cells based on endogenous 

H2S mediated fluorescence labeling of cells. The results in Fig. 2 (b, 

f, j) indicated that Mito-HS (5.0 µM) pretreated HeLa, MDA-MB-

231 and DU145 cells, were strongly fluorescent. The merged 

fluorescence images with their corresponding bright-field images in 

Fig. 2 (d, h, l), suggest that large percentage of each type of cells 
were fluorescence-labeled. In contrast, Mito-HS pretreated normal 

cells (3T3-L1 cells) remained non-fluorescent under similar 

conditions.16 Even after an hour, Mito-HS pretreated 3T3-L1 cells  
 

Fig. 2  Fluorescence microscopic images of untreated HeLa (a), MDA-MB-
231(e), DU145 (i) 3T3-L1 (m) cells and (b, f, j, n) are treated with Mito-HS 

(5 µM).  (c - d), (g - h), (k - l) and (o - p) are overlay DIC Bright field images 

with corresponding fluorescence images. Scale bar, 50 µm. Images were 
obtained using excitation wavelengths of 390 nm with the emission being 

monitored over the 440–500 nm.  
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were non-fluorescent. Fluorescence labeling of Mito-HS- pretreated 

3T3-L1 cells in the presence of external H2S (Na2S) (Fig. S22) 

indicates that due to insufficient endogenous H2S in 3T3-L1 cells, 

Mito-HS was non-fluorescent. These findings suggest that Mito-HS 

enables to discriminate cancer cells from normal cells depending on 

the production of endogenous H2S within a very short time (15 

min.). 
Next, we checked whether this fluorescence is only due to 

endogenous H2S in cancer cells and not because of other endogenous 

thiol-entities like GSH, cysteine, and homocysteine. For this, HeLa, 

MDA-MB-231 and DU145 cells were pretreated with N-ethyl 

maleimide (NEM) for masking S- containing thiol entities. N-Ethyl 
maleimide (NEM) pretreated cells were equally fluorescent-labeled 

with Mito-HS like the NEM-untreated cells (Fig. S23, S24). These 

results suggest that Mito-HS can detect endogenous H2S production 

in HeLa, MDA-MB-231 and DU145 cells without interference from 

other thiol containing entities in the cellular milieu. 

The cystathionine-β-synthase (CBS) and cystathionine-γ-lyase 

(CSE) are the endogenous H2S producing enzymes in the cancer 

cells.13 To justify the H2S producing activity of cystathionine-β-

synthase (CBS) and cystathionine-γ-lyase (CSE), HeLa, MDA-MB-

231 and DU145 cells were separately pre-treated with corresponding 

inhibitors, aminooxyacetic acid (AOAA) and N-propargylglycine 

(PAG) respectively.13 The results in Fig. S23 b-d indicate that Mito-

HS showed reduced fluorescence in inhibitor-treated HeLa cells.  

The suppression of cystathionine-β- synthase (CBS) and 

cystathionine-γ-yase (CSE) by corresponding inhibitors had reduced 

endogenous H2S formation. By using ImageJ software,17 we 

calculated the quantitative decrease in fluorescence intensity of 

AOAA and PAG pretreated HeLa cells in comparison to untreated 

cells. There was ~ 7-8-fold fluorescence intensity decreased in the  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Cellular fluorescence images of HeLa cells. (a) Mito-HS (5 µM) 

incubated for 15 min; (b) cells were pretreated with AOAA (2 mM), (c) PAG 

(2 mM) separately and  (d) with both (2 mM each) for 1h and then incubated 

with Mito-HS (5 µM) for 15 min; (e-h) are overlay DIC images of  
corresponding fluorescence images. Scale bar, 50 µm. Images were obtained 

using excitation wavelengths of 390 nm with the emission being monitored 

over the 440–500 nm. Quantification of fluorescence intensity of Mito-HS, 
Mito-HS with inhibitors, AOAA (2 mM), Mito-HS with PAG (2 mM) and 

both AOAA & PAG (2 mM each) treated HeLa (i), MDA-MB-231 (ii), and 

DU145 (iii) cells using ImageJ software. The representative data is provided 
from 3 independent set of experiments. Scale bar 50 µm 

 

 

presence of individual inhibitors (AOAA and PAG) or a 

combination of both (Fig. 3i). Whereas, individually AOAA and 

PAG partially inhibited endogenous H2S formation in both MDA-

MB-231 and DU145 cells respectively. Thus, the extent of 

fluorescence labeling of Mito-HS-pretreated MDA-MB-231 and 

DU145 cells were only ~2-3-fold reduced (Fig. 3ii-iii and Fig. S25).  

Interestingly, a combination of AOAA and PAG (2.0 mM each) 

substantially inhibited H2S production by ~ 7.5- fold in these cells 

(Fig. 3ii-iii). These findings suggest that H2S producing enzymes i.e. 

cystathionine-β-synthase (CBS) and cystathionine-γ-lyase (CSE) are 

more abundant in cancer cells e.g. HeLa, MDA-MB-231, and 

DU145 cells when compared to the normal 3T3-L1 cells.  
Furthermore, a detailed investigation is required for understanding 

the pathway of H2S biosynthesis in cancer cells; surely it will pave 

the way to a new guideline in cancer therapy and targeted drug 

discovery research. 

Finally, we evaluated whether triphenyl phosphonium moiety in 
Mito-HS guides it to localize in mitochondria or not.18 For this, we 

carried out a co-localization experiment with the mitochondrial 

targeting dye, MitoSOX Red From Fig. 4c, we observed that 

fluorescence image of Mito-HS treated HeLa cells co-localized with 

the mitochondrial targeting dye, MitoSOX Red. Furthermore, the 3-D  

 

 

 

 

 
 

 

 

 

 

 
 

 

 

 

 

 

 
Fig. 4 Fluorescence and co-localization images of Mito-HS with 

MitoSOX Red. The HeLa cells were co-treated with Mito-HS (5 µM) and 
MitoSOX Red (250 nM) for 15 min. The images were collected at (a) ex. 

390 nm/ em. 440-500 nm, (b) ex.510 nm/ em.580 nm (c) overlay image of (a) 

and (b); (d-f) are 3D images of the cells.  

 

co-localized images in Fig. 4f indicates that Mito-HS has 

predominantly localized in mitochondria. Similar results were 

obtained in MDA-MB-231 and DU145 cells (Fig. S26). These 

findings strongly recommend that Mito-HS is a first such kind of 

probe which aids us for tracking mitochondrial H2S formation in 
cancer cells. 

In conclusion, we describe the synthesis, characterization of probe 

Mito-HS and its optical modulated validation of mitochondrial H2S 

formation in living cells. The probe Mito-HS was synthesized in 

four successive steps and characterized by various spectroscopic 

techniques. Mito-HS showed a remarkable UV-vis. absorption 

increment at λab 395 nm in the presence of H2S. Moreover, the 

fluorescence intensity (λem 450 nm) of Mito-HS was ~43-fold 

enhanced in the presence of H2S (200 µM).  The sensitivity of Mito-

HS toward H2S was found to be as low as 24.3 nM. The probe Mito-

HS showed high chemoselectivity toward H2S over other 
competitive ubiquitous entities in the living system. The comparative 

fluorescence images in living cells implied that Mito-HS is able to 

detect H2S formation in cancer cells (HeLa, MDA-MB-231 and 

DU145 cells). Mito-HS is the first probe, which can rapidly (15 

min.) sense endogenous H2S formation in cancer cells without 

adding any external stimulators. By inhibition of cystathionine-β-
synthase (CBS) and cystathionine-γ-lyase (CSE), the extent of 

fluorescence labeling of HeLa, MDA-MB-231, and DU145 cells by 
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Mito-HS decreased ~7-8-fold; which indicates that cystathionine-β-

synthase (CBS) and cystathionine-γ-lyase (CSE) are the key H2S 

forming enzymes in these cancer cells. The co-localization of Mito-

HS with MitoSOX- Red indicates that Mito-HS predominantly 

monitored H2S formation in mitochondria.  Based on the 

endogenous H2S tracking ability of Mito-HS, it would be a 

promising biomarker for distinguishing cancer cells from normal 
cells. Furthermore, the study encourages for developing H2S 

producing enzyme inhibitors as targeted cancer therapeutics. 
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