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@ E LA7-REERIFRIA (NBD) S5l 28— B AT LS i, w7 38 4 L OB OB IE R, T A6
IR N AL E (H,S) B & i, BLJEK Na,S o4 H,S B 548 T HREF RO et REUESEVERE, 45 0R 3%
W TREH PRI S H,S WTEAE 5 ~ 50 pwmol/ L e BT FEl N 22 WL AF 2Pk 6 38 K BR D9 0. 125 ol /L, A
SR TC AR R 8 0, SR MITT IR A B A e, 25 SR AR FEER BT VR BE IR TS0 pumol /LARAF T,
HMIAF TG A T 90% o OGS TR A W RO A5 SRR T, PR Al #0 ) 20 M ¥ B AS , X P MBS H, S #EAT
BB o

KER WALE; ORI, JOBRE, i ig
1 5| 5§

WAL R (H,S) & —Fh o 0 HHA RS H R UK, — e Tolk th S i ok 58 AR5 A8, Bk
Mg — M RIS YY) AT R H, S A AT RN — R E S NI S T, 2 52
PR B AR HLS YR SR SR 2B O, W JR S SR ECAE 3 EQ 25 A0 W ks AR T
PRAEDS B AR AOIEAE S FHLET AN AR Y R, 36T H,S 78 IR B A A i o 1% S A
F I % R A ik B mE i E L,

B H,S Kl )y VAL FE OGS | A A vk SO Sk AR e 1 A5 00 i 2 R A 1
KRG, Horp | @k AL B B 5T R B A, BAEXT HARIRRIR 734 DOGIRENE L FEELr R
TECRE e, P A REAS (A0 ZHZURMIG AR S5 ) N H R4 T SE i 26 U BT . BT H,S Mk e i
(RJFE SERZPESE) B8 R T 2R RN R H,S DOHRET ' A RIR R (35 7 8 A/ 3L/ Bk
R MIE) 1720 SRR CGRAEIUR SEAZIN B BRI ) JE R CuS TLTE AL 45 3
SRk, BARCHGE 1 R H,S OLIRET (B2 TF & M Bl a8 | e Ptk by | RBUZ @ 5500, I REfg 5
RN RUGEE RN H,S 100 R AEE 57, TR SR B A AR P RE S b ) 1, S AT AR 2 ST i F
T

2013 4F B FT 417 R Pluth BFFE417 4050 % BR 7-i L2 IE 000 (NBD) iz ol 5 H,S & A SR A HL
AR, H ™4 NBD-SH W] T He (il H,S, T itk , R 2ROty Bk s 5, i i 1 R4 k81
Rl H,S 1) a5 Y E R0 T BT, #F— 25 R FH NBD 8 75 (2 vk B, Aoz 1 g Je i o
A IR EE T L 7R A HOR T NBD R RES Y BT R R H,S SOGHRED, S T Al Mgk i
FFEHEAR N H,S 1 H B BUR AT

FIER) PR ERE > T B 2 A LG AT A, ABEFE LA NBD Ry 2 P e bk Ay 175 i A B ]
G AL IR THE I T BT L9 S BGEIE H,S #8%F NBD-M,,  MARE A & BAA950, 5 H,S
SV I 77 ) NBD-SH FE/K R 9 AL , R, AT 728 il T 310 G 12628 4k 5 TRl A1 74 NBD-
SH (588 A AT Lb AR D Hy S, B 88 T HREF AV R AL 0] O T ARE , T 1 F4 B A6 0] 240 i 775 Tt
RN H,S KIfiE
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2 SLIGERS

2.1 UE5iEH

Brucker 600 #Z % 3L PR 1L ( 35 [H Brucker 24 &), TMS A IN45) ;3 Varian 7.0 T FTICR-MS %4 . UV-
3600 BT ( 2 Agilent A F] ) 5 F-7000 HI5 56N ( HAS HAZ /A F]) 3 PHS-3C BURS % pH i1
(W REANER) ) ZF-7 B = R AMI AN X4 B A0E S A (LIRS AR I R A BR A A ) . 4-54-7-
B PRI W MR TR ke ( BT TR R A FD) 3 eI T REDEE R A A F L BT R 8
ArHTal, S K A R FEIEK .
2.2 #F%t NBD-M W& B

# 200 mg (1.00 mmol) NBD-CI #191 mg (1.05 mmol ) MMk T 10 mL — 5 H &%, 1o Hodim A
209 wL (1.50 mmol) =Z %, 2N 1 h J5 , IILA 10 mL 7K , 25U, A HLAITA TG K Na,SO, T4, 255
VT, BT A ML R A A S ( A e-H L 1000 1, V/V) AR AL 66 [E A, 75K 90% , 4 AN
147.2 ~148.5°C , "H NMR (DMSO-d,, 600 MHz) , 6 (ppm): 8.51 (d, J=9.0 Hz, 1H), 6.68 (d, J=
9.0 Hz, 1H), 4.13~4.12 (m, 4H), 3.85~3.83 (m, 4H), “"C NMR ( DMSO-d,, 151 MHz),
8 (ppm): 145.39, 144.75, 144.73, 136.21, 121.36, 103.42, 65.67, 49.47, MS (ESI*) caled for
[M+H"] 341.1, found 341.2, ¥4l NBD-M ()& g LR WL F =L,

PN

o PeN
NN TEA NN
\ . [ ] \
ozNAO—m N DCM  O,N N O
/
NBD-CI NBD-M

2.3 SRk

) 2 mmol/L ¥EHHY DMSO Wil 2% F BRRELZZ IPYHI(PBS, pH 7.4, 0.02 mol/L) iiiftf7
JEHEIR, PREFHEIE H 10 wmol/L, MUKWy 490 nm, MUk UK HTHEAE FEERI S nm,, HE B HE T LT
T AT B3 T4l PBS, MR 2 200 pumol/ L.,
2.4 ZHRARLE

ARG SR LI TR SR 2 DL TS SCRFE B, HeLa ZHA4EFN T 35 mm 40 UG & IR
BE SR, AG 05 5 2 2% 10° . JILA NBD-M (10 wmol/L) FIR L1 A 2 7 #5 %t Lyso-Tracker Red
(20 nmol/L) JEHF7 30 min, FH PBS YEif 3 YR  MATHE5E RIS BIIE. #%F NBD-M SOGIHIE# & I K
7 488 nm , & G AFE R 500 ~550 nm; Lyso-Tracker Red %% il 18 I & I K A 546 nm , % KR EE L F
590 ~ 640 nm,

3 #RE5itie

3.1 REBHIEMER

PREF B CE BURE DKM AR 1 3 hly . 2558 T R RIE SRR S8 SISO 2 5 & i ik
FIREI o BE A RIS N, PR ) e RO ER AN SO R G 4 R A 418 (B F MO R S F(E B3R S1) .
B 1 BN 76 PBS IR BB R S AN ISR I & 58 53 1R 496 1576 nm , 4G 5w i 7 % 15535 80 nm,
FE SRR H AT A R0 S R X R TR S T
3.2 IR§H3 H,S BUIR B ERER R

TE PBS ( 0.02 mol/L, pH 7.4) %W, BRAEF 1Y i K5 A g e e 5 JE R R BT E 0 ~ 4.0 x
107 mol/ Lyt Rl N2 ¢ R R AT (r=0.9993) , FREAHE B A R A7 A9 /K PE (L F IS 5 B
KIS2) . i 2 Fios  BHREHAT (10 wmol/L) FIHTAC H,S VK (200 wmol/L) IR 4,30 min /5 AR F
DR 5HATE . T TRRET S H,S RN — BB 8 S 28k, ) 2R 2.1 x 107 s,
RN BN 12580 (k) 10,5 L/ (mol - s) , 5HE NBD HEEZHUR T H,S D ACHRER 105 5501 Bl 2
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200 FMIHRER TRy — R RGN H, S H5EC H RRE

1.0 180 )
— Absorbance 160
— Fmissi 1601 140
‘;\‘ 0.8 L mission — 1407 120
g 3 120} 0
E 06 = 100l o
2 E 20,
% 04 = 80 %5 10 15 20 25 30
;E.: 5 60r t (min)
Z 02 = 40
20
0.0 I I i |
400 450 500 550 600 650 700 §)00 550 600 650 700 750
A (nm) A (nm)
Bl 1 55 NBD-M 7 PBS W P i) 28 SR R 5 e K2 7E PBS ¥, SR EF NBD-M (10 pmol/L) 5
KA H,S (200 pmol/1.) [ %€ Yt M [ il £k , 4 1 b ¥R 1 ¢
Fig. 1 Normalized ultraviolet-visible and fluorescence 576 nm KA DE G B FE R LA th £
spectra of probe NBD-M in phosphate buffer solution Fig. 2 Time-dependent fluorescence spectra of probe
(PBS) NBD-M ( 10 pmol/L ) wupon reaction with H,S

ST A R A X H,S Yk B M 1 IR AT (200 wmol/L) in PBS solution. Tnset is emission
(10 wmol/L) i PBS A (0.02 mol/L, pH 7.4) intensity at 576 nm versus reaction time
Hr, JIA200 pmol / L 1Y 2% Ff ¥ 76 T 09 o (K™
Na* . Ca® Fe’" Ba*', Mgz+ Cu* F.ClI".Br.I, NO; | SOi_ .NO; .HCIO, Ve KO, . SO? \H,0, .Hey ., Cys,
GSH (H,S) , M HAOE LGOI (A, =490 nm) . W& 3 Frzs, H,S ARSI DO B35 FEAR, ¥
YA 2 B I8 R R AT B S R, B ET NBD-M X H,S A9 % S i HLA 558 v IR e 5

300

250 —
200
= 150
100

50

K* Na* Ca* Fe* Ba* Mg* Cu* F CI° Br ' NO; SOf NO; HCIO Ve KO, SO} H,0, Hey Cys GSH HS

0

&3 7 PBS W, ARIEIYIT (200 pmol/L) AF7E FHREN NBD-M (10 wmol/L) 7 576 nm {4 Ak 15 i [

Fig.3  Fluorescent response of probe NBD-M (10 wmol/L) at 576 nm in the presence of various species

(200 wmol/L) in PBS solution

T VAR ERE X H, S PRI R A | AT T SO L, RN IR (10 pmol/L) FRARUIMA
AEIRFE (0 ~ 100 wmol/L) UL H,S W, WEH 15 min, #5515 576 nm &b B 55 K & 5504 58 608 B 3%
WrigsR (E4A) . W 4B 7R, 755 ~50 wmol/L YRV, H,S MMk B 5 HREH B2 0om i 2 90 R 4
FILEMESE 2R R T FE v =266.13-3.43x (r=0.9942) A& H R K 0. 125 wmol/L (S/N=3), 584k
T SCHRAG 2 EIRGE SRR ET NBD-M Al i BRI H,S BHe B , B 5 1 R

WET 5 H,S ROV, BRSO R AN o 0g & A B i 21 88 (B RO 2R 5 B S3) . SCRikIRGE
BEEFS H,S BB, 779 NBD-SH HAA WY > | [a4REHE TR (10 wmol /L) FFAIA 0,10 .20 30,
40,50 .75 1100 wmol/L AYFIFL H,S W, EIRMFH 5 min J5 , AT B B S RN IR & (A8 M 55, IF
HEEE H,S AR, WL B Wi (K 5) . T HRENE R B ARk 5 AR H,S #RE 22 6]
(R D, AT FRT A8 b 2 52 F A K BE TR 20 wmol/L HL,S. R, 3% NBD-M ] 5230 X5 H,S 1Y Fb (5 F1 5%
U T AR
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300 300
_250¢ 250
3 200} 3
z 2. 200
g 150 E
3 3
k) 2 150
= 100f =
= =
501 100
O 1 1 | 50 1 1 1 |
500 55 600 650 700 0 10 20 30 40 50
A (nm) [HST ( pemol/1L)

K4  (A)¥EE NBD-M (10 pmol/L) 5 H,S WD fZk; (B) 2GR LS H,S AYHSE A R
th£k
Fig.4  (A) Fluorescence titration curve of probe NBD-M (10 pmol/L) in the presence of different

concentrations of H,S in PBS solution; (B) Lnear relationship between the fluorescence intensity of probe and

75 ;Lmol/LI 100 p.m'o]

e < R e e P

the concentrations of H,S

0 pmol/L 10 pmol/L 20 wmol/L 30 wmol/L 40 pwmol/L| 50 pmol/L

5 %% NBD-M (10 pmol/L) ¥ RINARRIHE H,S (0 ~ 100 wmol/L) JG#HE 5 min J5 AIEI 7251k

Fig.5 Photographs of probe NBD-M in the presence of different concentrations of H,S after incubation for 5 min

3.3 R§H3 H,S BSIRBHFIAR

TSR RE S H,S AUTRBIPLE, 1 PR A oA SRR R B H, S, WK T HREH S H,S ROV TS
PR AREGE . IREE 1 LA 2 (5 B &R 2= i85 73 5108 6. 67 F18.51 ppm, 5 H,S [N &, I &
FFEAMAEEAIAE 390 7.00 ppm F18.07 ppm £ 5NF 7.42 ppm, FEHENS H,S S EESMIIOE
TERVE BT O3 RSN S H,S KA IE 6 Frs 2 BUR N .

/O\ /O\
N N N N
P 7 P— it/
4 f%\,“ \, st I\
WA N o — &N SH + HN 0
NBD-M NBD-SH

K6 HREF NBD-M SREFXS H,S R BUIALH]
Fig.6  Recognition mechanism of probe NBD-M to H,S

3.4 EFREXEMA H,S WM R

PP RIDOCHEE O i T IR H,S MRG58 0 R s (MTT) He ik, X
BEEF AN P VEA T VR, R R FE MR FE IR T 50 pmol/L B, 4 ILAF 15 %55 T 90% , AT FH T4 g S 56
WFFE (TIOR3 R B S4)

— B8NS (AN bk N V- R S ) AR B BT, S A RS R I SO LR B RE AR 1k
PEVE AR AR S R M AN L2, SEPRIS A L D BE . RS ALV A R 137 8T ( Lyso-Tracker Red) i
AT AR I USRI SE . TR 7 Fizs, 18] HeLa ZHAE A7 20 nmol/L 3L 52 7 #R%T Lyso-Tracker Red
110 pmol/L #REF NBD-M (85775, SL0FH 15 min, PSR MEE OGS RS R4, 30 07 B R R A
FFHN 0.937  RUIHRE A R AT R BER E (7 RE
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L |
20 pm 20 pm

K7 REF NBD-M PR A E A7 AR . (A) T ALV B IR 3L 5 (2 #R BT Lyso-Tracker Red 195563

Kl; (B) #&5F NBD-M #0631 ; (C) A Fl B )& lA]

Fig. 7 Colocalization imaging of lysosomes in Hel.a cells using probe NBD-M: ( A) Fluorescence image of

Lyso-Tracker Red; (B) Fluorescence image of NBD-M; (C) Merged images of A and B

FHIEREE X AMIN H,S HEAT RIS . W 8 7R, Hela ZHETE &4 10 wmol/L R Y 1%

FEFEHFEE 15 min, 7] WIEEH B B0 5 @96 (- 8A) 5 L% E 100 pwmol/L H,S 30 min, FH-iF 7 44l
15 min, #OFOEH] B EAK (K 8B) 3 JEMFHE 200 mol/L H,S 30 min, FHFEH K15 min, B (0 56ERA
SEATHAE (I 8C) . DML 2, %4 NBD-M BE#S FH T HeLa 40U EHAN H,S 1R HFIE,

50 pm 50 pm 50 wm
| F— )

K8 K %EF NBD-M K5 3% ) Hela 4 JE 28 G L A WMAZ, A ~ C HHOCHEL, D ~ F HEME.
(A,D) 10 pmol/LiF%l; (B,E)SE/MA 100 pmol/L H,S %, FEANA 10 pmol/L #R%t; (C,F) Z&iMA
200 pmol/L H,SHEE, FlNA 10 wmol/L #E

Fig.8 Confocal fluorescence imaging of H,S in HeLa cells using probe NBD-M ( A-C: fluorescence images
D-F: merged images) : (A, D) Incubation by 10 pmol/L probe; (B, E) Incubation by 100 wmol/L H,S
firstly, then by 10 pmol/L probe; (C, F) Incubation by 200 wmol/L H,S firstly, then by 10 pmol/L probe

4 %8
L IR T TR L5 - i SUE AT NBD-M , RERS 125 o B4t A A AR 1, S, R4S H,S

=
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J& IR TE OE T R 50, REREARIRAG I % 20 wmol/L H,S HYZKEE, BA — & BN IR 5 1k
REFRERSHL I Hela AU HEA , vl F T4 H,S AIRUSRHSE
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A Novel Colorimetric and Fluorescent Probe for Detection
of Hydrogen Sulfide

WANG Xiao-Li', YAO Meng'?, LI Yin', WEI Chao', WANG Mei "'~
"(College of Chemistry and Environmental Science, Hebei University, Baoding 071002, China)
*(The Flame Retardant Material and Processing Technology Engineering Research Center
of Hebei Province, Baoding 071002, China)

Abstract To detect the level of hydrogen sulfide (H,S) in the environment and living beings, a colorimetric
and fluorescent turn-off probe based on selective thiolyling of NBD (7-nitro-1,2,3-benzoxadiazole) amino was
prepared through one-step organic synthesis. The selectivity and sensitivity of the probe were investigated by
using sodium sulfide as an H,S donor in PBS buffer. The fluorescent intensity of the probe exhibited good
linear relationship with concentration of H,S in the concentration range of 5-50 pwmol/L, and the detection
limit was estimated to be 0. 125 wmol/L. The color of the solution changed from light yellow to light violet.
The cell survival rate was higher than 90% when the concentration of the probe was below 50 pwmol/L. The
results of cell imaging experiments showed that the probe could be used for imaging H,S in the lysosomes of the
cells.

Keywords Hydrogen sulfide; Colorimetric detection; Fluorescent probe; Cell imaging
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(E#£1900 T7)

NERISXES| RS HE R RE 2, RERT

2009 42 2019 4 (#5E 2019 4 10 H ) EFBHEA GBI K R EHPRSSC 260. 64 J75 , 4k HEFE L4 2 7, B b 2018 AR Ge i) 1
TINT 14.7% ;1833951 2845. 23 JTIK N T 25.2% HEFEI 556 2 7, e EBRIS1E RS —1
£ MRIREE = A 2RI ST S| ARSI RS |

HET 6 AR IR S0 LB RIZ2ERHE SO 20% , 25l 0e MR R 2 fhE | TR THEHLENE WS mEE, M
BERHE b2 TR AR ORI s | B S 107, Horp (LA TRB AR B R HEA 5 —
N EREEIETHEEm, 2 5ERANZSERTES

2018 4 [ & F A E brig SCH, B PRAE B30 11.08 J7ks, b 2017 4E3EhN T 1.34 J7ks JEK T 13.8% , HIRAFH eIk P E%
T SCEEL 26.5%
LN R A 2R T A o E R R T S E

P 2019 P R RIS s ) |, b BB AZ O B 52 ma 135954 0. 689 ,2001 4F LISRAF 3G K30 5. 8% , 3 FIAY A bk 5]
BRURHIE N 1410 ¥K,2001 4FLIRAERHEK N 11.6% , 2018 4F, SCT $ds PRt b RN I T1) 187 A, L 2017 4R340 T 14 Fl; Bi Aicdis
P b BRI T 223 Fh s Medline W3 b ERHE AT 128 F
. FXEF R XFREEFIET FS000 FEERET

F5000 ¥ 5 (£5000. istic. ac. en) , A _EZLSR, L 3k45 641. 4 TRKER, W51 TR ASFEE gk JLE AP W HA FHE4E S50 4
FrEFR PR, sk f G E DT EEE 10 TR, [FIES, FS000 L8R 852 3 1 ARMIF S AT | 5k — it B0 A 4 T v e i
S I ARR ARV T H,



