34 5 Vol. 34 No. 5
2016 9 Imaging Science and Photochemistry Sept. , 2016

Lfﬁc_eg%%f“ http://www. yxkxyghx. org
¥ A

e e

1 2,3 1,2% 1,2%
’ ’ ’
(1. s 2731653
2. s 26400333, s 100049)
(H,S,) (HNO) ;
. . . H,S,
(H,S o (NO) HNO (SOD)
,H,S NO H,S, HNO,
, o , H.S, HNO
H,S, HNO R .
doi: 10. 7517/j. issn. 16740475, 2016. 05. 0402
: 1674-0475(2016)05-0402-24
(Reactive Sulfur Species, R H,S
RSS) , N . .
. LIJ o
(H,S) . . (GSH) . 6 (s"
(Cys) »H, S o
(Ss) . (R-S-SH) . (R-S-S,-
’ N N S_R9n>1)\ (Sz()zﬁi)
2016-08-05 , 2016-08-15
((21405172,21575159,21275158) (Grant 2015170)

* , E-mail ; fbyu@yic. ac. cn( ), Ixchen@yic. ac. cn( )

402



5

403

(7 S0O;-S,-SO; ,n>1)

Hz S
ROS)

9]

RNS)

RNS
(NO)

RSS
< IAIZ Esn ’ 77::> 1 ) ’
(—SH)
A » H, S H, S,
o s H; S,

(Reactive Oxygen Species,
’ Hg S

HzS HZ Sn o
Al
H,S .
Hg S,, Py
H2 S,,
(GSH)
o (Cys)
(Hcy) B12
(7.8
(Cys-SSH)
o , Cys-SSH
GSSH

( Reactive Nitrogen Species,

(HNO)
sl HNO

s [11]
) ,HNO
(NOS) L- ,NO HNO
(SOD)
L (RSH)
NO S (RSNO), RSNO
tsl H,S NO
H,S, HNO, NO H,S
[14]
(Fluores-
cence Bioimaging Technology)
[15,16]
H,S, HNO
H,S o
1 H,S H,S,
1.1 H,S
H,S )
H,S 3 (D
HZS ’



404 34
N N ; 0.60 0.5, (D
(2)H, S , N 10 pmol/L, , H, S
. N ; (3)H,S , (D (2 H,S
CuCID) e . )
H.S ) ,
(3~6), (4~6)
Chang o s
(1~6) H, SH 1, (VEGE) ) (6)
110, H,S H, S o (6)
, (1~6) , 500 nmol/L, , H,S
110 T , NADPH
(1) (2) o H,S ROS
(HEK293T) H,S,1 h o o (3~6)
) (D (2) 0.92,0.18,0.18 0.17,
Han 750 nm., 0.12, 7
(ICT) (7) 625 nm ) (Fr50 om/ Fr10 am)
H,S*, , H,S (0~100 pmol/L) (0. 6~
. 610 2.0), 0. 08 pmol/L,
nm, 710 nm, , N
0.11, H.,S , .
H,S , ICT H.S )
660 nm, RAW246.7 H,S



l

H,S
, » Chen
(d-PET)
(8 H,S*#,
o H.S , &
PET , ,
H.S, (€))
H,S o
Han (9~11),
H.S ROS
o M HCIO H,S
, BODIPY ,
MPhSe S
PET ) D) o
» Se PET ,
. 0.13 0.96, (9
RAW264. 7 HCIO  H,S
o (10)
, HBrO H,S
el MPhSe

BODIPY ,

755 nm 809 nm, H,S ,
12.7 , 0. 05
0.11., , (8) H,S
, ,37 °C
60 min o (8 H., S
(RAW 264.7)
, RAW264.7 H,S
MPhSG 1)
HBrO MPhSe
o 0. 00083
0. 206, RAW264. 7
HBrO/H,S o (1)
1,8 ,
(11)¢(
) PET i , (1D
o (11) 0. 04
0.45, RAW264. 7
HCIO H,S



406 34

H,S H,S ,
., Qian (12.13) .
H,S%, BODIPY  1,3,5 PET .
-2 . H,S ap 12 13 0.208  0.058,
- . (HeLa) H.S,
H,S , Xian .
(14.,15) . . . (14)
H, S, (14) JH, S 0. 003 0.392,
—SH .

, (COST) H,S



l

407

Xian (15a~e),
NG .
2 P, (15D (15e) HeLa
H,S YZ-4-074 H, S,
) (15a~e) 130 .275
68 .20 60 60 nmol/ L,
79 nmol/L.47 nmol/L..266 nmol/L. 47 nmol/L.
, Cu(lD
1.2 H,S,
, H,S,
:(DH,S,
;s (2)H,S, 22 -5
,  H,S, 2~ -5
F , ,
; (3)H, S, )
H,S, o f 1.4

, Cu(lD
. Nagano
(16a~d)
(16b) H,S
o H,S ,
50
3
HelLa H.S,
; (OO H,S,
)
) H, S,
H,S, S
Xian

(172,177,

o

-S-SH

Cu(ID
H, Sk,

(16b)
H,S



408 34
: ; (17a) o H.S,
25, (17b) , )

50 . 73 nmol/L 32 . (18¢) 137
nmol/L, (17b) (18a) 57 . (18b) ,
(H9¢2) Hela o o (18¢) ) 71

2- -5 , Xian nmol/L, HCIO H.S
3 H,S, (18a~¢c), H,S,. (18¢) Hela
,2- -5 H.,S, o
Chen (azo- H.S,.
BODIPY) NS H.S, , o H,S
. , H,S,
(19, H,S,""., (19 H.S o
660 nm, 730 nm, H.S,. ,
Na, S, ( H,S, ) LH,S, F RAW?264. 7
, H,S, . H,S, H,S
, azo-BODIPY, RAW264. 7 .
d-PET , o 123 , (19
Na, S, . 25 s H,S,.
,30 s 24 N H.S, N o



l

409

Chen
(20)
d-PET

Hg S” ’

[31] 4-

b

660 nm 737 nm, Na,S,
azo-BODIPY,d-PET
, o 4~
, Na, S,
H,S, (20)  H,S,
o H, S,
s (20) H,S,
) (20)
H,S,.
H,S, o ,

H,S, ’

(20)

(20D

H.,S, .
Liu H,S,
(21, ¢4D) 2-
-2 - -6 , 2- -5
. H,S, . 57
, 50GM (730 nm),
2D Hela
H.S,. H.S,
Lin (22)
H, S, H,S, . (22)
H.,S, . PET . \
H.S, . pH =3~10
. (22) (MCF-7)
H,S, , 180 pm
H.,S, ,



410

34
H,S, o (Fisoam/Fsismm)  HS, o
Liu ICT H.S, .,
(23) H,S,B, H,S ROS H.S,. Hela
1,8 N RS H, S, o
o (23) 460 nm, (23) ,
H,S, ., 542 nm, 300 pm H,S, o
Xian (25¢) Hel.a RAW264. 7
(TICT) @4) H,S,™, N (Vero) H.S,.
, (COS7) H,S,.
. H:S, , TICT , (25¢) H,S ClO~ H.S,.
. 0.3 pmol/L, (d-Cys)
H.S, o (24) H,S, (d~amino acid oxidase) H,S, o
(24a) , Yang N, N-
, ¢ )
. (26), H,S,”". H.S,
Xian 3 as - 1,4
(25a~¢) H, S, H,S, . , .
H.S, . , , ,
H,S, ,
, o (250) (SMMC-7721) H,S, ,
, ) . 0.4 pmol/L,



411

l

Xian (FRET)

27 ,H, S H,S,.

H.S, H,s", Rhodol ~ FRET ,
, Rhodol, o H, S 100
. H.S , nmol/L (0 ~ 20 pmol/L, A = 452 nm) 150
2-( ) H.S, . nmol/L(0~400 pmol/L, e = 542 nm), H,S,
H,S, ., 2-( ) H.S, 24 nmol/L(0~20 pmol/L,A., = 542

, Rhodol, . H.S nm), 27) Hel.a H, S

-H,S , H.S, .



412 34
1.3 H,S, 535 nm,
, H, S 625 nm, 0. 361,
H,S,. Chen (28) O, H,S,
. 3 J [39,40] ~
O, H,S H, S, 9,401 ) O WS,
(28)  (29) . RAW264.7 . (28)
3 H,S, o .
oF 2S O; H,S, .
Ners N
(28)
ROS . Oy
05 . O,
. T s
HZS” ’
, (28) - -5 ,
O O, HS, . BALB/c
775 nm, 794 nm, . @8 0.
0.0203, H,S, ,dPET , H.S, :
YIe . o
(29a.29b) H,S, . H,S,. .
o (29a) PET ’ (Dyg, =
. (29b) 0.10), . (29a)
. o, RAW264, 7
. JH, S, d-PET O /H,S, , O,  H.S,
(Dyy, = 0.015), .
770 nm, (HUVECs) , (29a) H, S,
780 nm, O, , O



l

413

H.S,

1.4

(CSE)

b ()‘; H2 S,,

O H, S,

Cys-SSH
(Cys-SSH)

B (CBS) —y-
., Cys-SSH
. Cys-SSH
Cys-SSH
Cys-SSH
[9] .
- . Chen

BALB/c ,
(29b) R
, O, H,S, .
(30) .
N (Cys-SSH)
[9] .
) (2_ )
CyssSSH ,Se—Se
o (30) 790 nm
614 nm, 797 nm (Pro70m =
0.05) 749 nm (Pryg o = 0. 11)
( F719 nn\/FTQ7 nm ) CyS_SSH
, Cys-SSH . B
(30) .
(HL-7702) (HepG2)

o

1.89£0. 2 pmol/L.,0. 8240. 3 pmol/L,



414 34

2.5140.4 pmol/L, . Cys
o (30D 3D )
, o 3D 780
o , (30) nm 560 nm, 785 nm (A
= 720 nm) 640 nm(A = 560 nm),
. (Fs10 mm/ Frss am) Cys
, 0.2 pmol/L, Cys
o , Chen ,
(3D . BALB/c
[l , Cys o
d-PET ,Chen ) Se—N
Se—N , ,
(32a.32b), 0.13, (32) ) ,
2- 3( ) pH(pH 4.0~8.6) o (32)
H, (PBS) RAW264. 7
609 o

nm 750 nm, 0. 002 0.003, , o



l

Cu(ID

2 HNO
) HNO
3 :(1)HNO
., HNO 2-
HNO ,
,HNO
,CudlD Cu(D),
; (3) HNO
, HNO H
NO,
2.1 2-
Nakagawa Rhodol
(33) HNO"™, HNO
(33) ;
, Rhodol,
(33) HNO )
. NH, OH-HRP
HNO , (33)
NH, OH-HRP HNO o

(A549)

HNO .

Tan (34)

HNO™ 7~ . 2

o HNO
, 20 nmol/L,
HNO o
Zhang
(ICTH (35)
HNOM 1,8
(35) N HNO
, 0.5 pmol/L,

(Fsi6mm/Fusam)  Angeli’s salt( HNO
(2~35 pmol/L) .
RAW264.7 HNO o

Chen

(36) HNOM"
azo-BODIPY

o HEPES
Angeli’s salt HNO
700 nm, 0.01 0. 37,

Angeli’s salt .

HNO ,



416 34
R HNO, R BALB/c
(36) RAW264. 7 HNO o
Chen 2- HNO
azo-BODIPY , (37) HNO ,
(37, o ,
, HNO,
, BALB/c HNO o
734 nm, 30 nmol/L, Chen
HNO (3,

0.02

0. 35,



l

417

20 o HNO
azo-BODIPY, ,
710 nm, 0.01 0. 35,
Angeli’s salt (0~50 pmol/L)
, 0. 03 pmol/L, (38)
HNO ,
, RAW264.7
. HNO o
) (38
HNO o
Lin 41D
HNO, GCTPOC
sl Angeli’s salt 41D
49 0.59 pmol/L,

pH(pH=7.0~8.5) o
s Hel.a s
HNO,

King
(39) HNO™/, (39)
HNO , Hela
HNO o
Sun
(FRET) (40)
HNO™,
. (40) )
(Fs17om/Fiomm)  Angeli’s salt
(0~ 100 pmol/L) :
HNO . 1.4 pmol/L,
HelLa HNO,
130 pm HNO o
Yin  Zhang
(ESIPT) (42)
HNOW##, 2-(2"-
)- (HBT), (42)  HNO
) HNO,
Hel.a HNO o



418 34
Zhu ESIPT 43 nmol/L, HelLa
(43) HNOP Y, 3"- RAW264. 7
. HNO (43) HNO .
ESIPT . . 0.128 Tan FRET
pmol/L, (46) HNO",
HNO . ,
Bhuniya . Angeli’s salt
(44) HNOM™ (44) (46) HNO,
, 0.02 pmol/L, FRET .
HNO . ,
Tan (45) o (46) ,
HNOP | . 0.59 pmol/L, HeLa ,
(45) . HNO HNO ,
67 . HNO . HNO .
Lin 3 (47a~c) Yang
HNO S 3 (48) HNO,
-7 . HD , N
HNO , (47a~¢) Leo] HNO ,
23.8.5 11 0. 648 pmol/L, 60 nmol/L. .
0.608 ymol/L 0. 622 pmol/L, (47a~c) (SMMC-7721) ,
Hela A549 HNO (48) HNO o
, Hela HNO Zheng (49)
. (47¢) HNO

HNO™ BODIPY



l

419

o Angeli’s salt 4 X505 o
, At o \
(Fis3 mmn/ Fs00 am) 62.5 .
0. 27 pmol/L,
SMMC-7721 HNO .
2.2
Yao (50)
HNO"!
. HNO .Cu(ID
CuC 1), . (50)
(A375) HNO
Yao (51)
HNO te2] | 7-
. [ -2 « -2 ) ]
(NIH3T3) HNO,
HNO,
Lippard (52)
HNO™, BODIPY )
. HNO
Hela HNO.,NO

PET , Lippard 3
(53a~c) HNO™
2= &
Cu(ID . HNO
.Cu(ID Cu(D), (53)
. (53a)  (53b) HelLa
RAW264. 7 HNO . (53a)
(53¢) o
Lippard HNO
(541,
’ Cu . Cu
(54), HNO . CulD
Cu(D, Cu(D) .
. (54) .
H,S
. (54) ,
HelLa HNO
James PET
(55) NO  HNO™*,
1,8 .8

(55)  NO )



420 34

Cu(I)-HNO ) Cu(ID ) . (55) Hel.a
HNO NO™  Cu(l), NO* NO HNO ,
,  Cu(D) PET RAW264.7 NO o



421

5
2.3
Toscano (56)
HN()EW]O 4~ _292769 67_
-1- HNO o
3
( H,S,.HNO,CysSSH )
H;S,.HNO, CysSSH

HNO ) HNO )

PET )
o HNO  NO,

(21405172,21575159,21275158)

[1]

2]

(3]

(4]

(Grant 2015170) o

Yu F B, Han X Y, Chen L X. Fluorescent probes for hydro-
gen sulfide detection and bioimaging[J]. Chemical Commu-
nications , 2014, 50(82) . 12234-12249.

Icick M, Wlodek L. Biosynthesis and biological properties of
compounds containing highly reactive, reduced sulfane sulfur[ ] ].
Polish Journal of Pharmacology . 2001, 53(3); 215-225.

Ida T, Sawa T, Thara H, Tsuchiya Y, Watanabe Y, Kuma-
gai Y, Suematsu M, Motohashi H, Fujii S, Matsunaga T,
Yamamoto M, Ono K, Devarie O N,Xian M, Fukuto M F,
Akaike T. Reactive cysteine persulfides and S-polythiolation
regulate oxidative stress and redox signaling[ J]. Proceed-
ings of the National Academy of Sciences, 2014,111(21) .
7606-7611.

Bailey T S, Zalcharov L. N,Pluth M D. Understanding Hy-
drogen Sulfide Storage: Probing Conditions for Sulfide
Release from Hydrodisulfides[J]. Journal of the American
Chemical Society, 2014, 136(30) . 10573-10576.

Liu C R, Chen W, Shi W, Peng B, Zhao Y. Ma H M, Xian

M. Rational design and bioimaging applications of highly



422

34

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

selective fluorescence probes for hydrogen polysulfides[]].
Journal of the American Chemical Society, 2014, 136(20) .
7257-7260.
Kimura Y, Mikami Y, Osumi K, Tsugane M, Oka J,
Kimura H. Polysulfides are possible H; S-derived signaling
molecules in rat brain[ J]. The FASEB Journal, 2013, 27
(6): 2451-2457.
Chen X Q, Zhou Y, Peng X J, Yoon J. Fluorescent and col-
orimetric probes for detection of thiols[ J]. Chemical Society
Reviews, 2010, 39(6): 2120-2135.
Jung H S, Chen X, Kim J S, Yoon J. Recent progress in lumi-
nescent and colorimetric chemosensors for detection of thiols[ J].
Chemical Society Reviews, 2013, 42(14) . 6019-6031.
Han X Y, Yu F B, Song X Y, Chen L. X. Quantification of
cysteine hydropersulfide with a ratiometric near-infrared
fluorescent probe based on selenium sulfur exchange reaction
[J]. Chemical Science, 2016, 7(8): 5098-5107.

Chen X Q. Wang F, HyunJ Y, Wei T W, Qiang J, Ren X
T, Shin I, Yoon J. Recent progress in the development of
fluorescent, luminescent and colorimetric probes for detec-
tion of reactive oxygen and nitrogen species[ J]. Chemical
Society Reviews, 2016, 45(10) . 2976-3016.

Miller A A, Maxwell K F, Chrissobolis S, Bullen M L., Ku
J M, Silva T M D, Selemidis S, Hooker E U, Drummond
G R, Sobey C G, Kemp H B K. Nitroxyl (HNO) suppres-
ses vascular Nox2 oxidase activity[ J]. Free Radical Biolo-
gy and Medicine, 2013,60. 264-271.

, , . Lrl.
, 2014, (5): 866-878.

Jing X T, Yu F B,Chen L X. Fluorescent Probes for Reac-
tive Nitrogen Species[ J]. Progress in Chemistry, 2014,
(5): 866-878.

Nakamura T, Lipton S A. Protein S-nitrosylation as a thera-
peutic target for neurodegenerative diseases[]]. Trends in
Pharmacological Sciences, 2016, 37(1) . 73-84.
Cortese-Krotta M M, Kuhnleb G G C, Dysonc A, Fernan-
dezd B O, Grmane M, DuMondf J F, Barrowg M P,
McLeodh G, Nakagawai H, Ondriase K, Nagyj P, Kingf S
B, Saavedrak ] E, Keeferl I. K, Singerc M, Kelma M,
Butlerm A R, Feelischd M. Key bioactive reaction products
of the NO/H; S interaction are S/N-hybrid species, poly-
sulfides, and nitroxyl[J]. Proceedings of the National

Academy of Sciences, 2015, 112(34) . E4651-E4660.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

Wang R, Yu F B, Liu P, Chen L X. A turn-on fluorescent
probe based on hydroxylamine oxidation for detecting ferric
ion selectively in living cells[J]. Chemical Communica-
tions, 2012, 48(43) . 5310-5312.
Wang R, Yu C W, Yu F B, Chen L X. Molecular fluores-
cent probes for monitoring pH changes in living cells[J].
TrAC Trends in Analytical Chemistry, 2010, 29 (9).
1004-1013.

. . . [Jl.

, 2014, (6): 1065-1078.

Gao M, Yu F B, Chen L X. Fluorescent Probes for Hydro—~
gen Sulfide Detection[J]. Progress in Chemistry, 2014,
(6): 1065-1078.
Lippert A R, New E J, Chang C J. Reaction-based fluores-
cent probes for selective imaging of hydrogen sulfide in
living cells[J]. Jowrnal of the American Chemical Society .
2011, 133(26): 10078-10080.
Lin V' S, Lippert A R, Chang C J. Cell-trappable {luores-
cent probes for endogenous hydrogen sulfide signaling and
imaging H; O,-dependent H>S production[ J]. Proceedings
of the National Academy of Sciences, 2013, 110 (18)
7131-7135.
Yu F B, Li P, Song P, Wang BS, ZhaoJ] Z, Han K L. An
ICT-based strategy to a colorimetric and ratiometric fluo—
rescence probe for hydrogen sulfide in living cells [ ] ].
Chemical Communications, 2012 ,48(23): 2852-2854.
Wang R, Yu F B, Chen L X, Chen H, Wang L J, Zhang
W W. A highly selective turn-on near-infrared fluorescent
probe for hydrogen sulfide detection and imaging in living
cells[ ] 1.
11757-11759.

Chemical Communications, 2012, 48 (96 ).
Wang BS, Li P, YuF B, Song P, Sun X F, Yang S Q,
Lou Z R, Han K L. A reversible {luorescence probe based
on Se-BODIPY for the redox cycle between HCIO oxidative
stress and H3S repair in living cells[J]. Chemical Commu-
nications, 2013, 49(10): 1014-1016.

Wang BS, LiP, Yu FB, Chen]J S, QuZ]J., Han K L. A
near-infrared reversible and ratiometric fluorescent probe
based on Se-BODIPY for the redox cycle mediated by hypo—
bromous acid and hydrogen sulfide in living cells[J]. Chem-
ical Communications s 2013,49(51). 5790-5792.

A reversible f{luorescent

Lou Z, Li P, Pan Q, Han K L.

probe for detecting hypochloric acid in living cells and



423

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

animals: utilizing a novel strategy for effectively modula-
ting the fluorescence of selenide and selenoxide[ J]. Chemi-
cal Communications, 2013, 49(24) . 2445-2447.

Qian Y, Karpus J, Kabil O, Zhang S Y, Zhu H L, Baner-
jee R, Zhao J, He C. Selective fluorescent probes for live-
cell monitoring of sulphide[ ]J]. Nature Communications .
2011,2. 495.

Liu CR, PanJ, Li S, Zhao Y, Wu L Y, Berkman C E,
Whorton A R, Xian M. Capture and visualization of hydro-
gen sulfide by a fluorescent probe[ J]. Angewandte Che-
mie, 2011, 123(44) . 10511-10513.

Peng B, Chen W, Liu C R, Rosser W E, Pacheco A, Zhao
Y, Aguilar H C, Xian M. Fluorescent probes based on
nucleophilic substitution cyclization for hydrogen sulfide de-
tection and bioimaging[J]. Chemistry A European Jour-
nal, 2014,20(4) . 1010-1016.

Sasakura K, Hanaoka K, Shibuya N, Mikami Y, Kimura
Y. Komatsu T, Ueno T, Terai T, Kimura H, Nagano T.
Development of a highly selective fluorescence probe for
hydrogen sulfide[ J]. Journal of the American Chemical
Society, 2011, 133(45) . 18003-18005.

Chen W, Liu C R, Peng B, Zhao Y, Pacheco A, Xian M.
New fluorescent probes for sulfane sulfurs and the applica-
tion in bioimaging [ J]. Chemical Science, 2013, 4 (7);
2892-2896.

Gao M. Yu F B, Chen H, Chen L X. Near-infrared fluo-
rescent probe for imaging mitochondrial hydrogen polysul-
fides in living cells and in vivo[ J]. Analytical Chemistry ,
2015, 87(7): 3631-3638.

Gao M, Wang R, Yu F B, You J] M, Chen L X. A near-
infrared fluorescent probe for the detection of hydrogen
polysulfides biosynthetic pathways in living cells and in vivo
[I]. Analyst, 2015, 140(11); 3766-3772.

Zeng L Y, Chen S Y, Xia T, Hu W, Li C Y, Liu Z H.
Two-photon fluorescent probe for detection of exogenous
and endogenous hydrogen persulfide and polysulfide in
living organisms[ J]. Analytical Chemistry, 2015,87(5):
3004-3010.

Shang H M, Chen H, Tang Y H, Guo R, Lin W Y. Con-
struction of a two-photon fluorescent turn-on probe for
hydrogen persulfide and polysulfide and its bioimaging
application in living mice[ J]. Sensors and Actuators B:

Chemical, 2016, 230, 773-778.

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

Han Q X, Mou Z L., Wang H H, Tang X L, Dong Z.
Wang L. Dong X, Liu W S, A highly selective and sensi-
tive one-and two-photon ratiometric fluorescent probe for
intracellular hydrogen polysulfide sensing[J]. Analytical
Chemistry, 2016, 88(14). 7206-12.

Chen W, Rosser EW, Zhang D, Shi W, Li Y L., Dong W
J, Ma H M, Hu D H, Xian M. A specific nucleophilic
ring-opening reaction of aziridines as a unique platform for
the construction of hydrogen polysulfides sensors[ J]. Or-
ganic Letters, 2015, 17(11) . 2776-2779.

Chen W, Rosser E W, Matsunaga T, Pacheco A, Akaike
T, Xian M. The development of fluorescent probes for vis-
ualizing intracellular hydrogen polysulfides [ J]. Ange-
wandte Chemie International Edition, 2015, 54 (47):
13961-13965.

Hou Y, Yang X F, Zhong Y G, Li Z. Development of
fluorescent probes for hydrogen polysulfides by using cin-
namate ester as the recognition unit[J]. Sensors and Actu-
ators B Chemical, 2016, 232 531-537.

Chen W, Pacheco A, Takano Y, Day J J, Hanaoka K,
Xian M. A single fluorescent probe to visualize hydrogen
sulfide and hydrogen polysulfides with different fluores-
cence signals[ J]. Angewandte Chemie International Edi-
tion, 2016.

Yu F B, Gao M, Li M, Chen L X. A dual response near-
infrared fluorescent probe for hydrogen polysulfides and
superoxide anion detection in cells and in vivo[]J]. Bioma-
terials, 2015, 63. 93-101.

Huang Y, Yu F B, Wang J] C, Chen L X. Near-infrared
fluorescence probe for in situ detection of superoxide anion
and hydrogen polysulfides in mitochondrial oxidative stress
[J]. Analytical Chemistry, 2016, 88(7); 4122-4129.

Yin K, Yu F B, Zhang W W, Chen LL X. A nearinfrared
ratiometric fluorescent probe for cysteine detection over
glutathione indicating mitochondrial oxidative stress in vivo
[J]. Biosensors and Bioelectronics, 2015, 74 156-164.
Wang R, Chen L X, Liu P, Zhang Q, Wang Y Q. Sensi-
tive near-infrared fluorescent probes for thiols based on
Se-N bond cleavage: imaging in living cells and tissues[]].
Chemistry-A European Jowrnal, 2012, 18 (36). 11343~
11349.

Kawai K, Teda N, Aizawa K, Suzuki T, Miyata N, Naka-

gawa H. A reductant-resistant and metal-free fluorescent



424

34

[44]

[45]

[46]

[47]

[48]

[49]

probe for nitroxyl applicable to living cells[J]. Journal of
the American Chemical Society, 2013,135(34);: 12690~
12696.

Mao G J, Zhang X B, Shi X L, Liu HW, Wu Y X, Zhou
L Y, Tan W H, Yu R Q. A highly sensitive and reductant-
resistant {luorescent probe for nitroxyl in aqueous solution
and serum[ ] ]. Chemical Communications, 2014, 50(43) .
5790-5792.

LiuCY, Wu HF, Wang Z K, Shao C X, Zhu B C,Zhang
X L. A fast-response, highly sensitive and selective fluo-
rescent probe for the ratiometric imaging of nitroxyl in liv—
ing cells[J]. Chemical Communications, 2014, 50 (45) .
6013-6016.

Jing X, Yu F B, Chen L X. Visualization of nitroxyl
(HNO) in vivo via a lysosome-targetable near-infrared flu-
orescent probe[ J]. Chemical Communications, 2014, 50
(91): 14253-14256.

Liu P, Jing X, YuF, LvC]J, Chen L X. A near-infrared fluo-
rescent probe for the selective detection of HNO in living cells
and in vivo[ J]. Analyst, 2015, 140(13);: 4576-4583.

AR . 2015,

43(12). 1829-1836.

Liu P, Han X Y, Yu F B, Chen LL X. A near-infrared fluo-
rescent probe for detection of HNO in living cells[J]. Chi-
nese Jouwrnal of Analytical Chemistry, 2015, 43 (12):
1829-1836.

Miao Z R, Reisz ] A, Mitroka S M, Pan J. Xian M, King
S B. A selective phosphine-based fluorescent probe for
nitroxyl in living cells[J]. Bioorganic & Medicinal Chem-
istry Letters, 2015, 25(1) . 16-19.

Zhang H T, Liu R C, Tan Y, Xie W H W, Lei H P,
Cheung H Y, Sun H Y. A FRET-based ratiometric fluo-
rescent probe for nitroxyl detection in living cells[J]. ACS
Applied Materials & Inter faces, 2015,7(9); 5438-5443,
Zheng K B, Lin W Y, Cheng D, Chen H, Liu Y, Liu K
Y. A two-photon fluorescent turn-on probe for nitroxyl
(HNO) and its bioimaging application in living tissues[]].
Chemical Communications, 2015, 51(26): 5754-5757.
LvH M, Chen Y, LeiJ, AuC T, Yin S F. An ESIPT-
based ratiometric fluorescent probe for the imaging of nitro-
xyl in living cells[J]. Analytical Methods, 2015, 7(9):

3883-3887.

[53]

[54]

[55]

[56]

[57]

[59]

[60]

[61]

[62]

LiuCY, Cao ZM, Wang Z H, Jia P, LiuJ, Wang Z K,
Han B J, Huang X, Li X, Zhu B C, Zhang X L. A highly
sensitive and reductant-resistant fluorescent chemodosime-
ter for the rapid detection of nitroxyl[J]. Sensors and Ac-
tuators B: Chemical, 2015, 220 727-733.

Jin X D, Sun X L, Di X Y, Zhang X Q, Huang H, LiuJ
N, Ji P W, Zhu H J. Novel fluorescent ESIPT probe based
on flavone for nitroxyl in aqueous solution and serum[]].
Sensors and Actuators B : Chemical, 2016, 224, 209-216.
Bobba K N, Zhou Y, Guo L E, Zang T N, Zhang F J,
Bhuniya S. Resorufin based fluorescence ‘turn-on’ chemo-
dosimeter probe for nitroxyl (HNO)[J]. RSC Adwances .
2015, 5(103) . 84543-84546.

Tan Y, Liu R C, Zhang H T, Peltier R, Lam Y W, Zhu
Q, Sun H Y. Design and synthesis of near-infrared {luores-
cent probes for imaging of biological nitroxyl[J]. Scienti fic
Reports, 2015, 5.

Zhu X Y, Xiong M Y, Liu HW, Mao G J, Zhou L Y,
Zhang J, Hu X X, Zhang X B, Tan W H. A FRET-based
ratiometric two-photon fluorescent probe for dual-channel
imaging of nitroxyl in living cells and tissues[J]. Chemical
Communications, 2016, 52(4) . 733-736.

Dong B L., Zheng K B, Tang Y H, Lin W Y. Development
of green to near-infrared turn-on fluorescent probes for the
multicolour imaging of nitroxyl in living systems[J]. Jour-
nal of Materials Chemistry B, 2016,4(7). 1263-1269.
Gong X Y, Yang X F, Zhong Y G, Chen Y H. Li Z. A
mitochondria-targetable near-infrared fluorescent probe for
imaging nitroxyl (HNO) in living cells[J]. Dyes and Pig-
ments, 2016, 131 24-32.

Zheng K B, Chen H, Fang S R, Wang Y. A ratiometric
fluorescent probe based on a Bodipy-Coumarin conjugate for
sensing of nitroxyl in living cells[J]. Sensorsand Actuators
B: Chemical, 2016, 233 193-198.

Zhou Y, LiuK, LiJ Y, Fang Y, Zhao T C, Yao C. Visu-
alization of nitroxyl in living cells by a chelated copper (1)
coumarin complex [ J]. Organic Letters, 2011, 13 (6);
1290-1293.

ZhouY, Yao Y W, LiJ Y, Yao C, Lin B P. Nitroxyl in-
duced fluorescence enhancement via reduction of a copper
(ID coumarin-ester complex: Its application for bioimaging
in vivo[J]. Sensors and Actuators B: Chemical, 2012,

174 414-420.



425

l

[63] Royzen M, Wilson J J, Lippard S J. Physical and structur- sensor for multicolor imaging of biological nitroxyl (HNO)
al properties of [ Cu(BOT1)Cl]Cl, a fluorescent imaging [J]. Journal of the American Chemical Society . 2014,
probe for HNO[J]. Jowrnal of Inorganic Biochemistry . 136(12) . 4697-4705.
2013, 118 162-170. [66] Sun XL, Kim G, Xu YF, YoonJ, James T D. A water-
[64] Apfel U P, Buccella D, Wilson J J, Lippard S J. Detection soluble copper ([I) complex for the selective {luorescence
of nitric oxide and nitroxyl with benzoresorufin-based fluo- detection of nitric oxide/nitroxyl and imaging in living cells
rescent sensors[ J ]. Inorganic Chemistry, 2013,52(6); [J]. ChemPlusChem, 2016, 81(1) . 30-34.
3285-3294. [67] Cline M R, Toscano J P. Detection of nitroxyl (HNO) by a
[65] Wrobel A T, Johnstone T C, Liang A D, Lippard SJ, Fu- prefluorescent probe [ J 1. Journal of Physical Organic
entes P R. A fast and selective near-infrared fluorescent Chemistry, 2011, 24(10): 993-998.

Small-molecular Fluorescent Probes for the Detection of

Hydrogen Polysulfides and Nitroxyl
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Abstract: Hydrogen polysulfides (H,S,) and nitroxyl (HNO) play important roles in a series of physiological
and pathological processes, including regulating intracellular redox signaling processes, strengthening
myocardial contractility and inhibiting platelet aggregation. H,S, can be formed by the reaction between
hydrogen sulfide ( H,S) and reactive oxygen species. Nitric oxide (NO) and HNO can interconvert in the
present of superoxide dismutase. H,S can react with NO and form H,S, and HNO, which will alter the
enzymatic activity and protein protein interactions, and then affect protein functions. Therefore, the capability
to real-time detect the concentrations of H,S, and HNO in vivo are of great significance in biomedical research
area. Among the various bioanalysis methods, the fluorescent probe technology with the advantages of good
selectivity, high sensitivity, real-time in situ detection and negligible damage to sample, has received widespread
attention. This review classifies and summarizes the fluorescent probes which are developed in recent years to
detect H,S, and HNO concentrations based on the reaction types between the response units and the analytes.
This review mainly focus on elaborating the design concepts, detection mechanisms and biological applications of
these probes. Finally, the application prospect of fluorescent probes are discussed. At the same time, this

review also cover the fluorescence probes for the detection of hydrogen sulfide and other sulfane sulfur.

Key words: fluorescent probe; hydrogen polysulfides; nitroxyl; hydrogen sulfide; sulfane sulfur; fluorescent

imaging
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