PROGRESS

IN CHEMISTRY ]

DOI: 10. 7536 /PC131155

& T TR e
(1. PEAHFEEATRBEIRSASAELELET LALEEATTREIEZAHA T FTEAHFR
YRGB AR RS 264003; 2. MEBMEKFALFEL ISR BB 273165)

(H,S)
H,S . .
. H,S
. H,S
H,S H,S
. H,S
£ 0656; TP212. 2 LA © 1005281X(2014) 06-1065-14

Fluorescent Probes for Hydrogen Sulfide Detection”

Gao Min'*"  Yu Fabiao'™ Chen Lingxin'™

(1. Key Laboratory of Coastal Environmental Processes and Ecological Remediation The Research Center for
Coastal Environmental Engineering and Technology of Shandong Province Yantai Institute of Coastal Zone
Research Chinese Academy of Sciences Yantai 264003 China; 2. College of Chemistry and Chemical
Engineering Qufu Normal University Qufu 273165 China)

Abstract Following carbon monoxide and nitric oxide hydrogen sulfide ( H,S) is found to be the third
endogenous gasotransmitter  which provides the regulation significance of physiological and pathological
processes in the cardiovascular and nervous systems. Therefore the selective recognition and detection of H,S
are of importance. Fluorescent probe method among biological detection technologies is an indispensable
technique for the biological species analysis and that is highlighted by its good selectivity high sensitivity

noninvasive detection and real4ime monitoring in situ. Recently the development of fluorescent probes for
intracellular H,S detection has been becoming one of the hot topics. Herein the progress during the last three
years of fluorescent molecular probes based on the small molecules for H,S detection are reviewed. These
fluorescent probes are classified and concluded according to the different types of chemical reaction with H,S

and then arranged specifically by the fluorophores in different type. The design concepts of molecular structures
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detection mechanism and biological applications of these probes are introduced. In addition

betw een molecular structures and properties while testing are elucidated. Finally

the relationship
the challenge and application

prospects for the development of hydrogen sulfide fluorescent probes are also discussed.

Key words

detection

The fluorescent probes for H,S during the last three years

Contents
1 Introduction
2 Chemical strategies to design H,S fluorescent

probes

Detection of H,S via reduction reactions

2.2 Detection of H,S via nucleophilic addition
reactions

2.3 Detection of H,S via copper-sulfide precipitation

2.4  Detection of H,S via thiolysis reactions

2.5 Detection of H,S via redox reactions

3 Fluorescent probes based on the reduction reaction

3.1 H,S probes employ coumarin dyes as fluorophore

3.2 H,S probes employ naphthalimide dyes as
fluorophore

3.3 H,S probes employ rhodamine dyes as
fluorophore

3.4 H,S probes employ near-infrared fluorescent
( including two-photon) dyes as fluorophore

3.5 H,S probes employ other dyes as fluorophore

4 Fluorescent probes based on the nucleophilic

addition

4.1 H,S probes employ BODIPY dyes as fluorophore

4.2 H,S probes employ fluorescein dyes as
fluorophore

4.3 H,S probes employ benzothiazole dyes as
fluorophore

4.4 H,S probes employ cyanine dyes as fluorophore

4.5 H,S probes employ other dyes as fluorophore

5  Fluorescent probes based on the Cu-S precipitation

- 1066 *

hydrogen sulfide; fluorescent molecular probe; reactive sulfur species; gasotransmitter; visual

5. H,S probes employ fluorescein dyes as
fluorophore
5. H,S probes employ cyanine dyes as fluorophore
5.3 H,S probes employ other dyes as fluorophore
6 Fluorescent probes based on the thiolysis reaction
7 Fluorescent probes based on mimics selenium
enzyme
8  Fluorescent probes for other active sulfur species
8. Fluorescent probes for bisulfite anion
8.2 Fluorescent probes for sulfane sulfurs
9  Conclusion
1
( H,S)
H,S
", H,S
o H,S L-
4 :
B- ( CBS) . —-y— (CSE) .
3- ( 3-MST)
(CL) *7 .
o CSE
CBS o
3-MST H,S *" . H,S
. H,S
H,S
12 13
H,S
e H,S
15
16~ 18 19 20
Progress in Chemistry 2014 26(6): 1065 ~ 1078



2 2
H,S
H,S
H,S
2
2.1
H,S
( 1o
transfer ICT)
2% 27
(EWG)
H,S
PET)
2.2
2014 26(6)

23

24 25
H,S
H,S
H,S

( internal charge

ICT

( EDG)

( photoinduced electron transfer

0 PET

28

1065 ~1078

1
Fig. 1

The fluorescent probes based on the reduction
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1 H,S
Table 1 Summary of H,S fluorescent probe
probe fluorophore Ny ((nm) Ao ( nm) detection limit  selectivity cells lines ]
Reduction Reaction
AzMB-coumarin coumarin 365 450 10 pM high HeLa —
CTAz coumarin 340 445 — high HeLa (0.88 +0.02)
la coumarin 390 483 — low — (0.66 £0.015) %
1b coumarin 380 515 — high PC3 (10.93 £0.15) %
Yu et al. coumarin 397 482 /602 2.5 uM high — 0.236
HSN1 naphthalimide 432 542 5~10 pM low HeLa —
HSN2 naphthalimide 432 542 1 ~5uM high HeLa (0.096 +0.001)
CDs naphthalimide 340 526/425 10 nM high HeLa/ 1929 —
AISA naphthalimide 431 530 2.5 uM high HelLa —
Wang et al. naphthalimide 440 544 0.5 pM high astrocyte 0.12
SF1 rhodamine 490 525 5~10 pM low HEK293T 0.51
SF2 rhodamine 492 525 5~10 uM high HEK293T 0.6
SK4 rhodamine 496 517 125 nM high HUVECS 0.92
SF5-AM rhodamine 498 521 250 nM high HUVECS 0.18
SF7-AM rhodamine 498 526 500 nM high HUVECS 0.17
Sun et al. rhodamine 480 525 112 nM high Hela —
Guo et al. rhodamine 450 485/690 0. 14 pM high HeLa 0. 085
Cy-N; heptamethine cyanine 625 710/750 0.08 pM high RAW264. 7 0.12
Cy-NO, heptamethine cyanine 755 809 — high RAW264. 7 0.11
Xu et al. dicyanomethylene-4 H- 491 635 — high HUVEC —
chromene
FS1 BMF 363 548 5~10 uM high Hela 0.46
SHS-M1 benzothiazole derivative 340 500/420 0.2 uM high HeLa 0.5
SHS-M2 benzothiazole derivative 373 5457420 0.4 pM high HeLa 0.12
NHS1 naphthalene derivative 360 480 20 nM high HeLa —
Peng et al. benzopyran 520 670 3.05 pM high HeLa —
DNS-AZ dansyl 340 535 1 pM high — —
Ma et al. cresyl violet 535 620/566 0.1 pM high MCFZ7 0.54
cpGFP-Tyr66pAzlF  FPs 480 510 10 pM high HeLa —
Chen et al. 7 -nitrobenz2-oxa- 474 550 680 nM high MCFZ —
3diazole
PI-N3 phenanthroimidazole 350 423 879 nM high Hela 0.62
Cul et al. dicyanomethylenedihydro— 574 619 — high HUVEC 0.018
furan
Nucleophilic addition reactions
SFP1 1 3 S-riaryl2-pyrazoline 300 391 — high — 0. 058
SFP2 BODIPY 465 510 5 pM high Hela 0.208
SFP3 BODIPY 500 515 — high — 0.1
751 BODIPY 520 561 2.5 uM high RAW 264.7 0.13
Xian et al. Probe 1  fluorescein 465 515 1 ~10 pM low COs7 0.392
Xian et al. Probe 5 fluorescein 476 513 1 pM high COos7 —
Xian et al. Probe 6 fluorescein 476 513 1 pM high COoSs7 —
El benzothiazole 295 487/356 0.12 pM high Hela —
CouMC merocyanine 475 510/652 1 pM high MCF4 —
HS-Cy cyanine 700 625/780 5.0 ~10 nM high HepG2/A549 —
Guo et al. 7 -diethylaminocoumarin 450 485/690 0. 14 pM high HelLa 0.34
Chang et al. resorufin 487 588 49 pM high — —
Copper sulfide precipitation
DPA-AF + Cu®* fluorescein 470 517 420 nM low — —
HSip- fluorescein 491 516 10 pM high HelLa 0.019
L1Cu fluorescein 495 534 ~5 pM high HeLa 0.123
L1Cu” fluorescein 494 523 1.7 uM high Hep G2 —
4-Cu** tricarbocyanine 694 794 280 nM high — 0.11
* 1076 * Progress in Chemistry 2014 26(6): 1065 ~ 1078



1
probe fluorophore N ( nM) Nem ( M) detection limit  selectivity cells lines (O]
R4 -Cu( II) 1 1°-bi2-naphthol 291 449 16 uM high — —
P2 di( 2-picolyl) amine 324 507 500 nM high — —
Cud phenanthrene-fused 540 600 — high HeLa 0. 008
dipyrromethene
Thiolysis reaction
Lyso-NHS naphthalimide 450 555 0.48 pM high MCF4 —
NI-NHS naphthalimide 450 550 0.18 uM high MCFI —
NIR-H,S cyanine 650 708 50 nM high MCF4 —
Other reactive sulfur species
Yang et al. rhodamine 510 580 890 nM high — —
Guo et al. (3b) coumarin 380 458 0.37 pM high — 0.62
Guo et al. 1 naphthalimide 439 535 0.1 pM high — 0.374
SSP1 coumarin 380 458 73 nM high — 0. 06
SSpP2 fluorescein 482 518 32 nM high H9¢2/HeLa  0.05
Li and Yu et al. coumarin 492 480/578 58 pM high — 0.028
Probel
Li and Yu et al. coumarin 468 501/625 — high — —
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