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Cary Eclipse®%¢ 543 )t BE v+ (KA . Varian)
B 1 emdfr JELL AL pH-3CHY R 8 V(1 T #E A
#%)); MT-3CHNZ&! St = 73 Hr{X (Liuben, Japan); Ad-
vance 300 %I PRIL(DMSOM# I, Bruker, Swe-
den); PE-983 7L 4M K Yl 4% (KBr s Jyem™, Perkin-
Elmer, Norwalk,CT); Yanaco #4531 (HA); LSM510
FEBR ALl B (Carl Zeiss Co., Ltd), 40 {54
85, M. Zeiss LSM Data Serverfi {f R 4.

2.3 BRI A B
231 HHFE _EREE(FS1)

P63 (1.0 g, 3.0 mmol)FIX} R KL (1.9 g,
10 mmol) I AZE] 50 mLukHE S, =il HiHEid A, W4
TA, iR 48 O R, 2% H 1 mol/L
HCI1(2x50 mL), 7K(2x50 mL)FI1fF1 € 57K (2x50 mL)
Yok, HENLE, /KN, SO, T4, B RYE~
K7 it FHAE AT il 23 By alifh, e B 7 8 1E Cbi-
LBRZBEQ 1 VIV), 15FS-1 FIalEik 1.54 g, 77%
80%, mp: 91~94°C. '"H NMR (300 MHz, DMSO-d,,
TMS): & 8.03 (d, *Jyy = 7.2 Hz, 1H), 7.80 (d, *Jyu =
8.3 Hz, 4H), 7.72~7.73 (m, 2H), 7.49 (d, *Juu = 8.3 Hz,
4H), 7.32 (m, 1H), 7.16 (d, Jyu = 2.0 Hz, 2H),
6.84~6.86 (m, 4H), 2.42(s, 6H); *C NMR (300 MHz,
DMSO-d¢) d168.5, 153.3, 151.0, 150.6, 146.2, 136.4,
132.0, 131.1, 130.5, 130.0, 128.0, 125.6, 124.8, 119.1,
118.0, 111.2, 103.4, 80.5, 21.6; FTIR (KBr): v = 1771
(CO, s) cm™'. Elemental analysis (%) caled. for
C34H240685: C 63.75, H 3.75, S 10.00; found: C 63.95,
H 3.65, S 10.10.

232 & INE R (FS-2)

¥ 231 RRTITOEE N &I HEA.2 gl
R, ALK, BJGIFREAFS-2 MR 1.65 g,
FE 78%, mp: 165-167°C. '"H NMR (DMSO-dg, 300
MHz): 6 8.05 (d, *Jun = 7.1 Hz, 1H), 7.82 (d, *Jyu =
8.2 Hz, 4H), 7.73~7.74 (m, 2H), 7.50 (d, *Jyy = 8.20
Hz, 4H), 7.17 (m, 1H), 7.04 (d, Jyu = 2.1 Hz, 2H), 6.95
(d, Jun = 2.1 Hz, 2H), 2.43 (s, 6H). FTIR (KBr): v =
1775 (CO, s) cm™'. Elemental analysis (%) calcd. for

C34HpCLO6S,: € 57.59, H 3.10, S 9.03; found: C 57.55,
H 3.12, S 9.06.

2.4 PR
241 HERB%

FS-1 FIFS-2 3 nl i1 — H AL E A (DMSO)H
il 0.20 mmol L™ 4% £, XO(1.0 U mL™),
HPX (10 mmol-L_l), GSH (1.0 mmol-L_]), H,0, (1.0
mmol-L™"), CoSO,4 (1.0 mmol-L™"), NaClO (1.0
mmol-L™"), +BuOOH (1.0 mmol-L™"), SIN-1 (1.0
mmol-L™"), 1.4-5 8 (HQ, 1.0 mmol-L )& T /K i,
. NOC-5 %+ 10 mmol-L™" NaOH# R L 1.0
mmol-L™", KO,¥% T'DMSOMN /&% 1.0 mmol-L™'f§]
T
242 Fakr

PR S GIE il i Cary EclipseZl 9¢ 643 6%
JEH(AT, 1.0 mmol- L™ 47 # ML)FRAF . 7 10 mLEL
O KK N AHEPESZE M ¥ Wi (2.0 mL, 0.10
mol-L™"), FS-1 8¢ FS-2 (1.0 mL, 0.20 mmol-L™"), FlI
H,0, 8 HAbMAEY). ARG FH = ROK R & 25 3 %)
B, FBA), A 3T°CIRUE RNV 40 7388, 43 B E Lerem =
491/515 nmAl 493/520 nm[f) 5 JGH#R . A I @

FH.

243 Hf¥EsR

B2 AT A DA P SCk R E L
ANE I FRPMI-1640 5575 (3x2 mL)#EVEBalb/c/)
BUIE RS, SRAFIEIE EWE 4l . 78 1200 rpm &Ll 1 4
CTHEL 5 min, % WS, THEPESE RIS IE—IX,
BN 10%/N - L35 FRPMI- 1640 15727, 17441
WM EE A 1.0x10% cells mL™", B ABEIRINL, LA T
JRANTCH 5 3 . FILE T CO 59544, 37°C MR A 4
h BCH S R L 1 G L7 10 855 7 e T i A U B 11 41
i, FEHFS-1(10 pmol-L™") 5{FS-2 i & 30 min, X5
I #5431 i APMA (2 ng/mL)E¢H,0, (10 pmol-L™),
I E 30 min. 4R )5 FIHEPES (20 mmol- L™, pH 7.4)
WYk, AT I RUA.

244 P4
e B AT T AR I I 2 B RV T OO b, AT
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RVCAEAE: HE TR I 1) 9 G R P T A 0 P e S A S R AR A

RO BB AR, 1k 40 fRIWEL, WK
WK 488 nm, KUSIEI A 505~550 nm.
3 HiR5ihg
31 HEBH S A

BT H O, 45 5 VE A AL K il it R i T, Bk 1 T
B RCTFS-1 FIFS-2 WAEREF. 2k F 2GR AE A 5800
B, FZIERAIOCEEA R MM IENE, =i
PEOGT T R AR R L, LU e MK R
R SR K e 0 JRE G 6 A DR S R 55 B A i
R Ia T, H e R EOR AR K S BT
JOR A POL I BB VT T R 4P, BRER G O VT
ML pER G, HLEMBE N G R AT, IR, "H NMRFI
BC NMREAE.

3.2 Gl R L A Ak
ASCAERUA P44 (20 mmol/L HEPES, pH
74WEGC T FS-1 FAFS-2 12 Y6tk i, S8R BIFS-1
FS-2 TREF B 8 JLF8A 50, ML F A (H0,)
J5i 9 G B A (1), WU R KRR S
TEAE W T REFFS-1 FIFS-2 5 H,0, % M & 40 il =4 T
1 T (R pHAEL O T4 28 ¢ D' i B e o {6 T2 1)
YER. S5 R IAZIRET AT HL0, 1 B2, fe i (1 pHAE
Bl & 7.4~78. WW# T & R7EpH =74 [¥)HEPES,
Tris-HCl, NH4Ac-NaOH, KH,PO,-Na,HPO,Z% ¥4 i
OGR4 R B OR {EHEPES 9% i Wi A& &

250} (a) I

200 +

th
=

100 +

Fluorescence intensity

N
(=1
T

2

1] T 1 1 I I L
460 480 500 520 540 560 580 600
Wavelength/m

(FIAE XS 58 e it JE AR b de k. H THEPES A& & H (1 4E
BRGE P, P A SEIS A4 R IRAT T FEHEPES (pH =
7.4 AE KW H,0, 1 A i, HoE R E & 20
mmol-L7".

B 2 BoR T =AM T 20 umol- LT FS-1(20
mmol-L™" HEPES, pH 7.4)1H,0, (20 umol-L™") (¥}
IS IS [] S0 A4 2R 10 2 't 5 1R 5% el . S 6 45 AL R B
FS-1 fH,0, % Y. 40 min i 74 5 (112 ' 50 5 8 B 5K
HAaE.

TECAG I S50 5 AR, 40 0l I N AS [] 9 JE 1)
H,0,, MIFHA R PIARAE TAE 2k (K1 3). S8R, Xt
TH4EFS-1, H,O, & ®AE 1.00x1077~2.00x107°
mol- L™ Ju [ N HAFE RIF Lt Xk R (B 3(a)), M
KHRHR=0.9929. 11 AT 2 A WA AE 228, =
0.046, IR A 2.6x10™° mol-L™'; Xf T#R4FFS-2,
H,0, & 8 AFE 1.00x107"~2.00x 107> mol-L™'5& [l P 5 AF
B RFMEECRWE 3(b), MHIKERE R=0.9973. 11
U 3FAT 25 IR UE I 2550 = 0.043, KR A 8.9x107°
mol-L7",

AN, ASCINAR T FS-1 MFS-2 L5 HoAh 3 4 44,
(ROS)FPE, & J 5, 23 Be H IK(GSH) LA K e il 55
I (1179 36284k, 20 pmol-L™" FS-1(20 mmol-L™' HEPES,
pH 7.4)5H,0,(20 pmol-L™")37°C % I 40 min, il H:5%
S L [ 4 R R4 50,7, -OH, NaOCl, -BuOOH,
GSH, NOC-5, [k, SIN-1, PUIAMER(Ve)Fl HQAE &
[0 2 O 5 FE EAT LE AR, s g MWK 1. H
NaOCl, -BuOOH, GSH, NOC-5, fg#f, SIN-1,

400

(b)y 1
300+

200 +

Fluorescence intensity

100 +

2

500 520 540 560 580 600
Wavelength/m

B 1 (a) 20 pmol-L*FS-1 F1 100 pmol-L ™t H,0, 37°C R B2 40 minJg B RS 6HE(L) M2 BRI IEE (2) (Aeyem = 491515
nm). (b) 20 umol-L™ FS-2 A1 100 pmol-L™ H,0, 37°C R 40 minJg IR SHEHE (DFE AR E (2) (even = 493/520

nm)
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100 |
80 1

60

Fluorescence intensity

40 +

20

i 1 i 1 L 1 i 1 " 1 L 1
0 10 20 30 40 50 60
Time/min

2 20 umol-L™ FS-1 (20 mmol-L™ HEPES, pH 7.4) #
H,0, (20 pmol-L™")ZE %R T [ B 5% Y50 77 2 0 Y. (Aexser
= 491/515 nm)

Vel HQIUWEEY 20 pmol- L™ O, 4tk s g
(HPX: 1.0 mL, 10 mmol-L™ ") M 04 4 {1 (X O: 1.0

Fluorescence intensity
(=2}
=
T

40 |
20
L
0 1 1 1 1 1
0 5 10 15 20
[H,0,]/umol-L-*

mL, 1.0 UmL™") & W= 4 88 KO, (20 umol- L) ¥
4 %); -OH & 1 H,0, (20 pmolL™") F1 Fe*' (20
pumol-L™") & 4:Fenton & I 77 /E. #41FS-2 5 ROSAI
FE A A= 03 00 S R TR S 56 A A R S R AT FS-1
(IR, 58 K ZRLE Aexem = 493/520 nmAk (5% 60 Y,
IR S R A LR 1. R B BREFFS-1 M
FS-2 5H,0, % W5 A B2 156 m 3, i 5 Ve, GSH,
HQ, Tk [ HAROS & M 7 9¢ Y6 R 59, JLH 5 OHx
PG JLF A=A SO0, BT ARATTIA iy #84HFS-1 AN
FS-2 H T A I H,O0 H AT IR i i I 6k

3.3 RN H 058 I it

FOCMAZ I 4. T8 4(a) L EMEA R HR A 7
JE B, Bk LT i L2, LU 4(a)ff %
SHOVHEME, BRERF L. T PMA R 41
WL MG T 4(b)); PREFIFBTRE . 4351

250
. (b)
£ 200}
5
=S 1501
g
2 100
L=
g
2 50t
- L]
O_
0 5 10 15 20

[H,0,/umol-L-!

B 3 (a) 20 pmol-L™ FS1 (20 mmol-L™ HEPES, pH 7.4)5A R EEKIH 0,072 M. (b) 20 pmol-L™ FS-2 (20
mmol-L~* HEPES, pH 7.4) 57 R B KIH,O, M AR, LI 4&F Sl T HEME5H0,R B 40 minja #360; W5E &4t

K JEFE 4 510~580 nm

K1 FS1MFS2 5 MG HEE(ROS)MAYIIE IR & N K AR 54 38 B (RFI)

RFI RFI
Compounds Compounds
FS-1 FS-2 FS-1 FS-2

Blank 10 20 NO- (NOC-5) 17 25
H,0, 110 214 ONOO(SIN-1) 18 24
0, (XO/HPX) 23 18 HQ 18 26
0, (KOy) 42 40 Esterase 10 21
OH 3 5 GSH 28 30
~0Cl 33 28 Ve 11 10
t-BuOOH 12 14
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e |
10 pm

B4 BRI (PM)AH 0K 5t B

(a) FH 10 pmol-L™' FS-1, 37°C Fi#E 30 minfi PMAI %6 )81%; (b) HIPMA (2 ng/mL)HIIFS-1 §5& i (UPM, 37°C N HIFE 30 min/5 117526
A% ; (c) MIFS-18F & L FIPMA AR 10 pmol-L™" H,0,, 37°C FIF & 30 min/& I 29¢6 iR (d) MFS-2 87 & i lPM A 4Mi 10 pmol-L™' H,0,,
37°C I 30 min/5 %G RAR; (e) FS-2 5% B Ja AN INH,0 40 B PMIF) 723 % (b R =10 pm)

10 pmol L™ H,O,AbFH 5 ({141 My, 78 I SZ 4k
T 4(c), (d)), MHIEHRIEA — 52 K72 5.
A ZET T 4(e), WL A A1 M Al R R
AT RS BT, X LESI R W] FSHRAH LA

RAF RIS E M, RHEIE, BEX G 401 W HLO0, 185 /K
G FEAR A 7 A N T LA P A B A A R )

(UTGSHAIV ) A5 2 Y % .

4 g
ARSCBEVT A BT OB 9O CIRETFS-1 FTFS-2; 1

o
20725518).
20875057) «
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WA EE R FRXA(HES: Y2007B02) fu b KR & A # & BT & (HE 5
2008GG30003012) I B % B, 45k — 7 Fif.

IS8 T PR R X I S A S 5O 2 K 4 B Y
A AR . IR B SR K (1R T HL 0, 1)
T3k AT AR v R e P S R RRE s R AR AR R OR
FR I P AT T3z w] WG X, AT LA 2508 S 40 i 2
RG-SO i LA ZH 2R 451405 4 e i ok
WY, SR RIUFBBIETE, RAEE, HAE0 540
JH A HL O 1 JBE 7K G ik B2 AR AN 7™ A2 N 25 . i DT VA TR
SERPE ST A AR A HLO, 1 77 A HzOz%ﬁ(E’]%%*%’c
r*%%J&HzOz T T e AAT AR EE
I ENN-9E
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Sulfonate-based fluorescent probes for imaging hydrogen peroxide in
living cells

XU KeHua, LIU Fen, WANG HuiXia, WANG ShanShan, WANG LuLu & TANG Bo"

College of Chemistry, Chemical Engineering and Materials Science, Engineering Research Center of Pesticide and Medicine In-
termediate Clean Production, Ministry of Education, Key Laboratory of Molecular and Nano Probes, Ministry of Education,
Shandong Normal University, Jinan 250014, China

Abstract: Based on a mechanism of H,0,-mediated hydrolysis of sulfonates, two fluorescein disulfonates com-
pounds (FS-1 and FS-2) are designed and synthesized as highly selective and sensitive fluorescent probes for imag-
ing H,O, in living cells, and the probes were characterized with elemental analysis, IR, '"H NMR and C NMR.
Upon reaction with H,0O,, the probes exhibit strong fluorescence responses and high selectivity for H,O, over other
reactive oxygen species and some biological compounds. Furthermore, the sulfonate-based probes, as novel fluores-
cent reagents, are cell-permeable and can detect micromolar changes in H,O, concentrations in living cells by using
confocal microscopy.

Keywords: fluorescein disulfonates, fluorescent probe, cell imaging, hydrogen peroxide
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