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Highlights 

 A novel fluorescent “OFF-ON” probe based on a FRET approach was successfully developed. 

 A dabsylfluorescein probe demonstrated a superb selectivity and great specificity towards H2S. 

 A dabsylfluorescein probe can potentially be applied for the visualization of H2S in living cells. 

 20 

 

Abstract 

 

A novel class of fluorescent “turn on” probe based on the fluorescence resonance energy transfer (FRET) approach was 

designed, and successfully synthesized for the detection of hydrogen sulfide (H2S) both in vitro and in vivo. This new H2S 25 

Probe Probe + H2S 
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responsive fluorescent probe was developed based on the basis of the dabsyl and fluorescein FRET system. In the presence 

of H2S, a fluorescence enhancement was markedly observed mainly due to the inhibition of the FRET process. This probe 

could quantitatively measure the level of H2S with the detection limit of 0.02 M. Cell imaging results demonstrated the 

potential applicability of a dabsylfluorescein probe for H2S detection in living cells. 

 5 

Keywords: Hydrogen Sulfide, Dabsyl, FRET, Fluorescent Probe 

 

1. Introduction 

In recent years, much effort has been made to the design and development of novel highly selective and efficient 

fluorescent sensors for the detection of important biomarkers mainly due to their important roles in the biological processes 10 

particularly sulfur containing biomarkers [1-4]. Hydrogen sulfide (H2S) has been recognized as an important gas signaling 

molecule with pathological and biological effects causing a detrimental impact to human health and environmental issues 

[5]. In addition, it has particularly played a great role in a number of physiological and biological processes, namely the 

blood pressure regulation, cardiac response to ischemia injury, inflammation, immune response and digestive system [6, 7]. 

Importantly, the over production of H2S has been an effective indicator in some ailments, particularly diabetes, Alzheimer's 15 

disease, liver cirrhosis and Down's syndrome [8-10]. Accordingly, the development of highly sensitive and selective 

analytical processes for detecting H2S level in environment and biological systems is of considerably importance. Today, a 

number techniques have been successfully applied to quantify the level of H2S content in environmental and physiological 

systems, namely colorimetric analyses, electrochemical methods and chromatography [11-15]. Unfortunately, these 

analyses have experienced with specific limitations, particularly a sophisticated instrumentation and very high cost. 20 

Presently, the deveopment of novel fluorescent sensors has attracted of great interest, and become one of suitable 

approaches for quantifying the content of H2S with the major advantages in terms of a distinct specificity with great 

selectivity, convenience and the applicability for real-time and on-site detection. Typically, there are two main strategies 

applicable for the development of H2S-responsive fluorescent probes either as nucleophile or reductant [16-24], both of 

which are varied in terms of mechanistic pathways (namely photoinduced electron transfer (PET), fluorescence resonance 25 

energy transfer (FRET) or chelation enhanced fluorescence (CHEF) and H2S-recognition warheads.  

 

To date, a variety of fluorescent probes with great sensitivity and selectivity towards H2S have successfully been 

developed, and successfully utilized for the fabrication of a thiol responsive fluorescent “OFF-ON” probe. Maleimide-type 

probe, monobromobimane and 2, 4-dinitrobenzenesulfonyl (DBS)[25] moieties are general examples of H2S sensitive units, 30 

demonstrating the potential applicability to the detection of thiol containing species via the Michael addition reaction, 

alkylation of thiols and nucleophilic aromatic substitution (via SNAr mechanism) respectively, the latter of which is highly 

activated by the presence of electron withdrawing groups (two nitro groups) at an aromatic ring, and is significantly 

required for the SNAr mechanism. Unfortunately, those previously reported probes were considerably suffered from a 

limited solubility, high fluorescent background and particularly some probes were relatively less reactive for thiol 35 

containing species. Notably, nearly all H2S recognition based probes were designed, and successfully synthesized 

according to the conjugation of fluorescent reporting moieties and masking units, which were once deprotected by the 

interection with H2S, enabling to restore the fluorescence emission. This approach was extensively studied for the 

dectection of H2S in either in vitro or in vivo imaging together with the animal bioimaging study. Additionally, those 
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masking moieties were required to specifically response towards the presence of H2S over other sulfur species. Examples of 

selected sulfur-sensitive masking moieties applied in the development of fluorescent probes are shown in Figure 1. 

Interestingly, only a few publications related to fluorescent probes based on the FRET mechanism for H2S detection have 

been investigated [26-38]. Recently, Zhao and co-workers have published a novel fluorescent sensor for H2S detection 

based on a FRET mechanism by conjugating between a fluorescein and an azidocoumarin scaffold via a piparazine linker. 5 

In the presence of H2S, an azidocoumarin-fluorescein conjugate was subsequently converted to an aminocoumarin-

fluorescein conjugate, which effectively restored the FRET mechanism.[26] 

 

  

(Figure 1) 10 

 

 

Nowadays, a significant number of FRET based fluorescent sensors have been documented. However, there are some 

drawbacks in terms of a delayed response, a short excitation wavelength and high background fluorescence which 

significantly diminished the efficacy of FRET based fluorescent sensors. This has led us to design and to synthesize a new 15 

FRET pair, which showed the potential applicability for the development of a thiol responsive fluorescent “OFF-ON” 

probe. Therefore, the development of highly sensitive and greatly selective platform for H2S detection is of our interest. 

 

2. Experimental section 

2.1 Materials and methods 20 

All general laboratory chemicals and reagents obtained from chemical suppliers (Aldrich Chemical Co.) were used without 

further purification. Acetonitrile, dichloromethane, methanol, toluene, ethyl acetate, acetone and concentrate H2SO4 were 

purchased from RCI Labscan, Thailand. All other chemicals used in this investigation were of analytical grade and used 

directly without further purification. Double distilled water was used to prepare all the solutions.  

 25 

2.2 Synthesis of dabsyl chloride 

A dabsyl acid (10.0 g, 0.03 mol) was dissolved in dichloromethane (150 mL). To this solution was slowly added by thionyl 

chloride (22 mL, 0.30 mol) and three drops of dimethyl formamide (DMF) as a catalyst. The reaction mixture was allowed 

to reflux for 6 hrs. The reaction was evaporated to dryness, and purified by column chromatography with silica gel (20% 

ethyl acetate: hexane) to afford a deep red solid (7.80 g, 79%). m.p. = 262 C, 1H-NMR (400 MHz, CDCl3):  3.22 (s, 6H), 30 

6.87 (d, 2H, J = 7.9 Hz), 8.08 (d, 2H, J = 8.5 Hz), 8.14 (d, 4H, J = 8.7 Hz); 13C-NMR (100MHz, CDCl3):  45, 111.5, 

121.0, 124.7, 126.5, 142.8, 149.0, 152.4, 152.6; IR (KBr) cm−1: 2895, 1603, 1430, 1364, 1180, 1134, 822, 683, 585; 

HRMS: m/z calculated for C14H14ClN3O2S: 323.7979[M]+, found: 405.2534[M+ACN+K]+.  

 

2.3 Synthesis of dabsylfluorescein 35 

A fluorescein (50 mg, 0.15 mmol) was dissolved in acetonitrile (2.0 mL). To this solution was subsequently added by 

dabsyl chloride (122 mg, 0.375 mmol) dissolved in acetonitrile (2.5 mL). The reaction mixture was added by 

trimethylamine (37.8 mg, 52 L). This reaction mixture was allowed to stir for overnight. The reaction was evaporated to 

dryness, and purified by column chromatography with silica gel (40% ethyl acetate: hexane) to afford a bright orange solid 

(70 mg, 75%). m.p. = 257 C, 1H-NMR (400 MHz, CDCl3):  3.14 (s, 6H), 6.80 (d, 2H, J = 9.1 Hz), 6.93 (d, 2H, J = 8.7 40 

Hz), 7.01 (dd, 2H, J = 8.6, 2.3 Hz), 7.28 (s, 2H), 7.30 (d, 1H, J = 2.3 Hz ), 7.67 (dd, 1H, J = 7.5, 1.2 Hz ), 7.73 (dd, 1H, J = 
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7.5, 1.2 Hz), 7.96 (dd, 4H, J = 8.7, 2.9 Hz), 8.08 (d, 1H, J = 7.4 Hz ), 8.32 (d, 2H, J = 8.6 Hz ); 13C-NMR (100 MHz, 

CDCl3):  40.2, 110.7, 111.5, 116.6, 117.9, 122.2, 124.2, 125.3, 125.7, 126.2, 128.8, 129.0, 130.0, 131.3, 135.4, 143.8, 

151.7, 152.5, 153.1, 156.7, 164.4, 169.2; IR (KBr) cm−1: 3425, 2927, 1768, 1755, 1604, 1600, 1421, 1365, 1191, 1134, 

1087, 992, 834, 605; HRMS: m/z calculated for C34H25N3O7S: 619.1413[M]+, found: 701.4941[M+2ACN+H]+. 

 5 

2.4 Preparation of ligand solutions for fluorescence study 

Stock solutions (10 mM) of HS-, cysteine, glutathione, alanine, N3
-, Br-, NO3

-, CO3
2-, Ca2+, I- and F- in 30 % 

methanol/phosphate buffer (10.0 mM, pH 7.4) were prepared. Test solutions were prepared by adding 10 µL of the probe 

stock solution into test tubes, added an appropriate aliquot of each metal stock, and diluted the solution to 2 mL with 30 % 

methanol/phosphate buffer (10.0 mM, pH 7.4). For all measurements, excitation wavelength was set at 495 nm, excitation 10 

and emission slit widths was 1 nm. 

 

2.5 Preparation of dabsylfluorescein solutions for fluorescence study 

A stock solution (250 M) of dabsylfluorescein in DMSO was prepared. Test solutions were prepared by adding 400 µL of 

the probe stock solution into test tubes, added an appropriate aliquot of each ligand stock solution, and diluted the solution 15 

to 2 mL with 30 % methanol/phosphate buffer (10.0 mM, pH 7.4). For all measurements, excitation wavelength was set at 

495 nm, excitation and emission slit widths were 1 nm. 

 

3. Results and discussion 

3.1 The synthesis of a novel FRET based fluorescent sensor (dabsylfluorescein) 20 

In this research, we designed the synthetic strategy of a novel H2S responsive FRET based fluorescent probe based on the 

basis of using H2S as nucleophile via the H2S induced thiolysis approach. A new candidate for a highly selective and 

specific fluorescent “OFF-ON” probe for H2S detection via a FRET mechanism was developed and subsequently 

synthesized based on the basis of the dabsyl and fluorescein FRET approach to afford an “OFF-ON” fluorescent probe 

which fluorescently emitted in the presence of H2S. A fluorescein was employed as a fluorescent signaling reporter mainly 25 

due to their high quantum yields and the great photo-stability. In order to explore a suitable FRET system, an important 

pre-requisite for the discovery of an efficient FRET system has been the significant overlap between the acceptor 

absorption and the donor emission. To this approach, a highly specific and selective fluorescent “OFF-ON” probe via a 

FRET mechanism was designed by using a fluorescein as a fluorescein signaling reporter, which was completely quenched 

by the presence of a dabsyl unit, consisting of two benzene rings connected by an azo bridge. A dabsyl chloride was 30 

selected as a quencher moiety covalently conjugated with a fluorescein via O-sulfonylation to afford “dabsylfluorescein”. 

According to their spectroscopic properties, the emission of the fluorescein fluorophore as the donor emission is shown at 

520 nm (green region) upon the excitation at 485 nm, and the acceptor absorption of a dabsyl chloride is demonstrated at 

485 nm as shown in Figure 2. Notably, an acceptor absorption of a dabsyl chloride and the donor emission of a fluorescein 

have shown the significant overlap, making these two candidates the most appropriate FRET pairs for the design of a 35 

fluorescent “OFF-ON” probe based on FRET approach as illustrated in Figure 2. Furthermore, the close proximity between 

donor and acceptor units has been the major pre-requisite for the development of fluorescent probe based on a FRET 

approach. In order to reduce the distance between fluorescein and dabsyl moieties and to minimize the - stacking 

between two moieties, fluorescein and dabsyl moieties were directly conjugated without the uses of linkers to provide the 
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great advantage for a FRET mechanism, which effectively quenched the fluorescent intensity of a fluorescein mainly due to 

the generation of FRET mechanism. Interestingly, a collision quenching (via the - interaction) between a donor and an 

acceptor moieties could also be the quenching mechanism, which potentially quenched a fluorescent intensity.[39, 40] 

 

 5 

(Figure 2) 

 

 

 

To the synthetic approach, a dabsyl chloride (known as a dark quencher) was firstly synthesized using a dabsyl acid (widely 10 

known as a methyl orange) in the presence of a thionyl chloride, and DMF as a catalyst to afford a dabsyl chloride in a 

great yield (95%). Notably, a dabsyl chloride was utilized in this strategy mainly due to its absorption property, showing an 

absorption peak centered at 485 nm (green region) which considerably overlapped with an emission region of fluorescein, 

implying that a dabsyl moiety could absorb an emitted photon generated by a fluorescein moiety once it was excited. Then, 

a dabsyl chloride was subsequently coupled to fluorescein via an O-sulfonylation in the presence of trimethylamine (Et3N) 15 

to afford a dabsylfluorescein in a great yield (70%) as shown in Figure 3. Typically, fluorescein is widely recognized as a 

well-known fluorescent dye with a great fluorescence quantum yield ( = 0.79), excellent solubility, great photo-stability 

and very high molar extinction coefficient. According to this synthetic point of view, the fabrication of this 

dabsylfluorescein was quite facile and simple in which the synthetic strategy was readily accomplished via only two simple 

reactions with an excellent yield (75%) relative to other H2S responsive fluorescent probes in which multistep complicated 20 

organic syntheses were required.[27, 28, 31-35, 37] The resulting dabsyl chloride and dabsylfluorescein were further 

characterized according to spectroscopic analyses using 1H-NMR, 13C-NMR, UV-Vis spectroscopy, fluorescence 

spectroscopy and ESI-MS, respectively (Figure S1-S6). 

 

(Figure 3) 25 

 

3.2 The optical (UV-Vis and fluorescence) properties of dabsylfluorescein towards hydrogen sulfide (H2S) 

The spectroscopic analyses of a dabsylfluorescein were further characterized using UV-Vis spectroscopy and fluorescence 

spectroscopy. The absorption behavior of a dabsyl fluorescein was measured in 30% methanol-phosphate buffer (10 mM, 

pH 7.4) at a final concentration of 8.4 M, showing a strong absorption signal with a maximum absorption wavelength at 30 

480 nm, corresponding to the -* transition of both dabsyl and fluorescein parts. Additionally, a weak broad absorption 

peak at 290 nm was also noticed, corresponding to the -* transition of dabsyl and fluorescein parts as shown in Figure 4. 

Upon the addition of HS-, a strong absorption signal at 480 nm was slightly red-shifted to 493 nm (bathochromic shift), 

corresponding to the absorption wavelength of a free fluorescein. This indicated that a thiolysis of dabsylfluorescein was 

clearly generated to afford a free fluorescein. The mechanistic study of the H2S induced thiolysis was further investigated.  35 

 

(Figure 4) 

 
 

The fluorescence response of a dabsylfluorescein towards H2S was further investigated in 30% methanol-phosphate buffer 40 

(10 mM, pH 7.4) at a final concentration of 8.4 M. Upon the excitation at 480 nm, a dabsylfluorescein presented a broad 
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weak emission signal at 520 nm mainly owing to the formation of the FRET process. Briefly, a fluorescein was covalently 

conjugated with a dabsyl unit via O-sulfonylation, causing the FRET process which effectively quenched the fluorescent 

intensity of a dabsylfluorescein as confirmed by the decrease of a quantum yield ( = 0.005) relative to that of standard 

fluorescein ( = 0.79). The detail of quantum yield measurement was shown in SI. Interestingly, upon the addition of HS- 

(17.0 M) a dabsylfluorescein showed a strong emission signal centered at 520 nm, which implied the generation of a 5 

fluorescein as shown in Figure 5. This was ascribed as the result of the termination of a FRET process via the H2S induced 

thiolysis approach of a dabsylfluorescein. 

3.3 The selectivity and specificity of a dabsylfluorescein towards various biological markers and ions  

The selectivity of a dabsylfluorescein (8.4 M) over various biological markers and ions (17.0 M) was next investigated 

using UV-Vis spectrometry and fluorescence spectrometry in 30% methanol-phosphate buffer (10.0 mM, pH 7.4) with an 10 

excitation wavelength at 480 nm. As shown in Figure 4, only an absorption spectrum of a dabsylfluorescein in the presence 

of HS- showed an absorption response. While, the absorption spectra of other biological markers and ions; cations (Ca2+), 

anions (I-, F-, CO3
2-, Br-, NO3

-, N3
-), non-thiol amino acid (alanine) and reactive thiol species (GSH and cysteine) did not 

response as shown in Figure S7. Experimental results obviously revealed the specificity of a dabsylfluorescein towards HS- 

over other reactive thiol species (GSH and Cys).   15 

 

 

(Figure 5) 
 

 20 

The selectivity of a dabsylfluorescein (8.4 M) over various biological markers and ions (17.0 M) was next investigated 

using fluorescence spectrometry in 30% methanol-phosphate buffer (10.0 mM, pH 7.4). As shown in Figure 6, a 

dabsylfluorescein fluorescently emitted at 520 nm upon an excitation wavelength at 480 nm. While, the fluorescent 

intensity of the corresponding dabsylfluorescein was significantly decreased as confirmed by a calculated quantum yield ( 

= 0.005) relative to that of fluorescein ( = 0.79) alone. Typically, a fluorescein demonstrated an emission wavelength at 25 

520 nm with a great quantum yield ( = 0.79). Once covalently conjugated to a dabsyl unit via an O-sulfonylation, the 

resulting dabsylfluorescein demonstrated very low fluorescent emission. This was attributed to the presence of electron 

from nitrogen atom at an azo (NN) moiety playing a particular role to generate the FRET process, which significantly 

reduced the fluorescent intensity of a dabsylfluorescein. The proposed mechanism of the sensing of H2S was demonstrated 

in Figure 7.  30 

 

The selectivity of a dabsylfluorescein towards H2S, other biological markers and ions was further investigated by 

monitoring the fluorescent intensity response overtime after the addition of various biological markers and ions; cation 

(Ca2+), non-thiol amino acid (alanine), bio-thiol species (glutathione (GSH) and cysteine) and anions (HS-, N3
-, Br-, NO3

-, 

CO3
2-, I-, F-). The fluorescent intensity of a dabsylfluorescein (5 M, 1 mL) upon the addition of various biological markers 35 

and ions (50 M, 1 mL) was further investigated in 30% methanol-phosphate buffer (10.0 mM, pH 7.4). Interestingly, it 

was found that only HS- demonstrated a significant fluorescence enhancement at 520 nm, while the addition of other 

biological markers and ions did not give any fluorescence response. Additionally, the sensitivity of a dabsylfluorescein 

towards biological thiols (GSH and cysteine) was successfully examined. According to results in Figure 6, biological thiols 

did not give any fluorescence response possibly due to their higher pKa values of biological thiols (pKa = 8.2 for Cys and 40 
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pKa = 9.3 for GSH) relative to that of H2S (pKa = 7). This undoubtedly affected to its reactivity to launch the nucleophilic 

attack at a sulfonate ester. Therefore, the presence of biological thiols did not interfere with the H2S initiated a fluorescence 

response. This clearly confirmed the selectivity of a dabsylfluorescein towards HS- as shown in Figure 6. 
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(Figure 6) 
 

(Figure 7) 

3.4 The sensing mechanism of dabsylfluorescein towards hydrogen sulfide (H2S) 

The mechanistic study of sensing a dabsylfluorescein via H2S was further investigated using ESI-MS spectroscopy. The 10 

H2S induced thiolysis approach of a dabsylfluorescein was generated by the nucleophilic attack of HS- to the sulfonate ester 

moiety to afford a fluorescently emitted fluorescein and dabsyl-SH as shown in Figure 6. As expected, the molecular 

masses of two species (both a fluorescein and a dabsyl-SH) were found, and subsequently confirmed by using LC-ESI-MS 

spectroscopy. According to the LC-ESI-MS results, the molecular masses of dabsyl-SH at 384.9148[M+ACN+Na]+ and 

fluorescein at 333.0757[M+H]+ were clearly observed as depicted in Figure S8-S9, respectively. This clearly indicated that 15 

the sensing mechanism of a dabsylfluorescein via HS- was achieved via a thiolysis of HS- at the sulfonate ester moiety. This 

was significantly different from other sulfonate ester based fluorescent probes whereas the sensing mechanism took place 

via the nucleophilic aromatic substitution (SNAr) at an aromatic ring activated by the presence of two nitro groups [25]. 

Notably, under this condition, the hydrolysis of a dabsylfluorescein did not take place as the molecular mass of a dabsyl 

acid did not observe. Next, we turned our attention to the sensing properties of a dabsylfluorescein towards HS- using a 20 

fluorometric titration experiment as depicted in Figure 8. The fluorescent intensity steadily increased at 520 nm upon the 

gradual addition of HS- (from 10 equivalents to 50 equivalents) attributed to the termination of the FRET process as 

previously mentioned. A linear relationship between the fluorescent intensity of a dabsylfluorescein and HS- concentration 

ranging from 135 nM to 5 M was observed. The detection limit was calculated to be 0.02 M. These results confirmed 

that a dabsylfluorescein could quantitatively measure the level of H2S with the great sensitivity.   25 

 
 

(Figure 8) 

 

 30 

3.5 The competitive experiment of dabsylfluorescein towards various biological markers and ions 

To further investigate the selectivity of a dabsylfluorescein toward H2S, the competition experiment was studied by the 

addition of HS- (25 M, 250 L) to a dabsylfluorescein (5 M, 500 L) in the presence of various biological markers and 

ions (25 M, 250 L), such as N3
-, NO3

-, Ala, Br-, Ca2+, cysteine, CO3
2-, F-,  glutathione (GSH) and I-. Notably, a 

dabsylfluorescein nicely responded to HS- in the presence of other biological thiols; namely glutathione (GSH), and 35 

cysteine. This clearly confirmed that a dabsylfluorescein was highly selective over HS- ion as shown in Figure 9. 
 

 
 

 40 

(Figure 9) 
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3.6 The bio-imaging application 

This dabsylfluorescein demonstrated the great lipophilic property mainly due to the presence of a dabsyl moiety, providing 

the great cell membrane permeability as confirmed by in vivo bio-imaging experiment. The cell internalization ability of a 

dabsylfluorescein for sensing the level of the intramolecular hydrogen sulfide (H2S) in living cell (HeLa cells) was 

evaluated using a confocal microscope. Firstly, HeLa cells were incubated with a solution of a dabsylfluorescein (50 M, 5 

10% DMSO-PBS, pH 7.4) for 30 min at 37 C, and then washed with PBS to remove an excess dabsylfluorescein.  Then, 

HeLa cells were co-incubated with NaSH (100 M) for 15 min at 37 C to initiate a fluorescence response. According to 

the results from a confocal fluorescence microscope, it clearly demonstrated that a dabsylfluorescein enabled to permeate 

and to interact with intracellular thiols, resulting in an increased fluorescence response in HeLa cells. This was ascribed as 

the result of the alteration of the intracellular thiol level in HeLa cells as depicted in Figure 10. According to the bright-10 

field image, HeLa cells were viable throughout the experiment. Finally, we could summarize that a dabsylfluorescein was a 

cytomembrane-permeable probe for the detection of thiols in living cells. 

 

(Figure 10) 

 15 

 

4. Conclusion 

In summary, we have reported a new synthetic strategy of a FRET based fluorescent probe based on the basis of the dabsyl 

and fluorescein system. To this approach, a fluorescein was completely quenched by the presence of a dabsyl unit, 

consisting of an azo bridge linked between two benzene rings, and firstly reported here for the first time. In the presence of 20 

H2S, a fluorescence enhancement was markedly observed mainly due to the inhibition of the FRET process via the H2S 

induced a thiolysis approach, clearly showing a fluorometric response for H2S detection with the great sensitivity and 

selectivity toward H2S over other biological markers and ions. Under a UV lamp, the detection strategy gives rise to a 

fluorescent response, which could readily be visualized with the naked-eye. Importantly, the utilization of a dabsyl unit as 

an effective quencher could potentially be a promising platform for the development of fluorescent probes for H2S 25 

detection in which a dabsylfluorescein displayed broad absorption peaks at 250 nm, and 380-550 nm, which potentially 

quenched a wide range of fluorescent reporting dyes, possessing an absorption range approximately 380-550 nm, ranging 

from a coumarin, fluorescein, rhodamine, rhodol to fludol. Interestingly, a dabsylfluorescein has shown the ability for the 

cell internalization into cancerous cells (HeLa cell lines). Therefore, this novel dabsylfluorescein could be potentially 

applicable for the H2S detection in living cells and biological systems.  30 

 

 

 

Novelty Statement 

This research aimed to the design, and syntheses of a novel fluorescent “OFF-ON” probe based on a 35 

FRET mechanism. To the best of our knowledge, this work reported the discovery of a novel efficient 

FRET pair approach on the basis of the dabsyl and fluorescein system, which was reported here for the 

first time, and it was potentially applied for the syntheses of a dabsylfluorescein applicable for the 
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detection of H2S in living cells 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https://xxxxxxxxxxxxxxxx 
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Figures and Legends 

 
 

Figure 1 Selected sulfur-sensitive masking moieties applied in the development of fluorescent probes [25, 41-48]. Chemically sensitive 

bonds towards sulfur attack are illustrated as a dashed line. 5 

 
Figure 2 Normalized UV–Vis spectra of a dabsyl chloride (Navy) and fluorescence spectra of a fluorescein (Red). The spectral 

overlapping between absorption spectrum (an acceptor) and emission spectrum (a donor) is shown in yellow area. 
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Figure 3 The synthesis of a dabsylfluorescein 

 5 

 

 
 

Figure 4 UV–Vis spectra of a dabsylfluorescein (8.4 M) in the presence of 5.0 equiv. of HS- (17.0 M, Red) and a dabsylfluorescein 

without HS- in 30% CH3OH-phosphate buffer (10 mM, pH 7.4, Navy). (Inset) UV-Vis spectra of dabsylchloride and fluorescein (8.4 uM) 10 

in 30% methanol-phosphate buffer (10.0 mM, pH 7.4). 
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Figure 5 (Red) Emission spectra of a dabsylfluorescein (8.4 uM) in the presence of 2.0 equiv. of HS- (17.0 uM) in 30% methanol-

phosphate buffer (10.0 mM, pH 7.4) and (Blue) a dabsylfluorescein (5.0 M) without any ions in 30% methanol-phosphate buffer (10.0 

mM, pH 7.4). 

 5 

 

Figure 6 The selectivity of a dabsylfluorescein in the presence of various ions in 30% methanol-phosphate buffer (10 mM, pH 7.4). (a) 

Fluorescence spectra of a dabsylfluorescein (5.0 uM, 1 mL) in the presence of various ions (10 equiv.) at 50 uM in 30% methanol-

phosphate buffer (10.0 mM, pH 7.4). (b) Color changes of dabsylfluorescein upon the addition of HS- (50 uM) and other ions (50 uM) 

measured in 10% methanol-phosphate buffer (10 mM, pH 7.4) under UV light. ex = 480 nm, em = 520 nm.   10 
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Figure 7 Graphic of the proposed mechanism of the sensing of HS- 5 

 

 

 

 

Figure 8 The variation of fluorescence emission spectra of a dabsylfluorescein with a gradual addition of HS- (10-50 equiv.) in 30% 10 

methanol-phosphate buffer (10 mM, pH 7.4). Excitation wavelength was set at 480 nm. LOD = 0.02 uM 
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Figure 9 (a). The competitive selectivity of a dabsylfluorescein towards HS- (5.0 equiv.) in the presence of other ions (5.0 equiv.) in 30% 

methanol-phosphate buffer (10 mM, pH 7.4)(blue bar), and the selectivity of a dabsylfluorescein towards other ions (5.0 equiv.)(red bar). 

(b). Color changes of dabsylfluorescein mixed with HS- in the presence of other ions or other biomarkers measured in 10% methanol-5 

phosphate buffer (10 mM, pH 7.4) under UV light. Excitation wavelength was set at 480 nm and blank = dabsylfluorescein (DabFlu). 
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Figure 10 Confocal fluorescence images of HeLa cells. Cells were incubated with dabsylfluorescein (25 M) for 30 min, and 

subsequently treated with NaSH (50 M) for 20 min in 10% DMSO-Phosphate buffer (10 mM, pH 7.4); (a) Bright-field images, (b) 

Fluorescence images and (c) Merged bright-field and fluorescence images. Excitation wavelength was set at 480 nm. The images were 

acquired using confocal fluorescence microscope at 40  magnifications. 5 
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