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Abstract An “off-on” fluorescent probe CO-NBS based coumarin derivative was designed and synthesized, which can re-
spond selectively with biothiols including cysteine (Cys), homocysteine (Hcy) and glutathione (GSH). The optical properties
were studied by UV-Vis absorption spectrum and fluorescence spectrum. The results showed that probe was capable to respond
rapidly, sensitively and selectively to Cys, Hcy and GSH with the detection limits of 92, 30 and 62 nmol/L, respectively. In
addition, with low cytotoxicity and good biocompatibility, the probe can be successfully applied to image biothiols in living
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cells and in living zebrafish.
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(Scheme 1), ‘& W] LATE — F 3 S0 AK - Tl 192 2% P 28 VA Wl
(DMSO-PBS, V: V=11, 10 mmol/L, pH 7.4)F, =R
TR e B R SEILXT Cys, Hey 8 GSH HIMa R,
LI TE) 2350 70, 70, 140 s, K6 HIBR 22594 92, 30, 62
nmol/L. ZIREN UAF 2 RATAEWE N7 H(CO-0OH),
2,4- T I R I I R 2 (NBS) A e S 3 K50 AW
BRI A BRI, BT 2OEHI S 2,4- 3t
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Scheme 1 Synthetic route of probe CO-NBS
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455 11315 nm Ab R SO IE I28 T B AIG, 355 nm AT BRI
U SR v ARG R, FRATTIE I e e A A T PR EE
CO-NBS Xf Cys. Hcy. GSH i)y, £ DMSO-PBS (V :
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(10 umol/L)JLF-&A %, MZrisiHinA Cys /4,
575 nm &b AET O R I, IF HBEE Cys W EE 14
I o B R W o, E 2 MA Cys (10 pmol/L, 1
equiv.) i, A RIB BN, TR TGN, BE A
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FRE CO-NBS fgfig SLILNT Cys (11 “S-FF” AU
(E120). [RIE, 58 Ah—1] W3 € S i Ao S 6 1 w4
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Figure 1 Reaction mechanism between CO-NBS and biothiols
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Figure 2 UV-vis absorption spectrum (a) and fluorescence spectra (b) of CO-NBS (10 umol/L) in presence of Cys (0~10 umol/L) in
DMSO-PBS (V' : V=1 I 1, 10 mmol/L, pH 7.4)(each spectrum is recorded 50 s after Cys addition), (c) reaction time profile of fluores-
cence spectra of CO-NBS (10 umol/L) upon addition of Cys, Hcy, GSH and Na,S (100 pmol/L) 575 nm, and (d) effect of pH on the fluo-
rescence intensity of probe CO-NBS (10 pmol/L) upon addition of Cys, Hcy and GSH
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Figure 3 (a) Working curve of CO-NBS towards Cys at 575 nm, and (b) selective experiment of CO-NBS to biothiols by fluorescence
spectra
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XFF Cys Lt TN Yo =1.53433[Cys]+0.61998, R’
=0.99059(& 2d), WRAEKHRIFHEAR Co =30k, 15
FHATH R 92 nmol/L. [RIFE, 8% CO-NBS Xf T Hey
H1 GSH FA tHBR 3791249 30+ 62 nmol/L.

1.3 ¥4t CO-NBS H% Mot

BNk, 3P T IR4EF CO-NBS Xt —Fh £ Pt
M Rk £ (B 3a). £ 5 3% CO-NBS (10 umol/L)¥]
DMSO-PBS ZZHER(V : V=1 : 1, 10 mmol/L PBS, pH
7.4, RN 100 pmol/L ) H & EW/NrT-(Asp,
Arg, Gln, Val, Thr, Ala, Glu, Leu, His, Gly, Ile, Lys, Met,
Trp, Pro, Tyr, Ser, Phe, Asn, S*,NO,, ClI,F,I,Br,
SCN ™, HSO; , CH;COO )mi# =Fh 4 ¥ b % .
SRR, HAAED NG T, JLEA SRR IGE ST
AR, TN Cys Hey 80 GSH J&, 575 nm Ab 7% 6 15
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NMR F1 HRMS EAE. X4, LAY CO-OH. K%
CO-NBS [ '"H NMR % E 347 7 X (B 4), T Cys
J&, % CO-NBS H)ii 7% /1 6 7.81 #1 7.28 (Hg A1 Hh)
Iy REEREF) 6 7.51 F16.79 (Hg' AT HR'), Jii T 9.12.8.61.
8.26 (Hf\ Hk. Hj)iH%k, FEBEIEILI 6 10.03 (H)H
B, 3 HEMY 54 CO-OH 1 '"H NMR A —F.
[ CO-NBS 5 Cys e MR A = HE i adi AT 1
FAE, FFIEE FIEM+H]" m/z 364.1539 (caled

364.1549) 1 BB IGIE 7 2 H A s S ATL L,
1.5 YHEERIEHISR

K M IE (MTT)VE AR CO-NBS X} BT-474 FL
FRgeE A M ) B P AT TR, B S R EOR, IRENIREE
9 20 pmol/L, HMILEIEZRAIRFFAE 80%LL |, UiHIER
£ CO-NBS X BT-474 FLE i R GBI E . &
F ik, RNk IEAEET CO-NBS 1B E 3 40 i A= 46
EE[1RE 7], X CO-NBS #HAT 7 e stgmt e, il s pr
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NABEAIH 30 min 5, SOLH B AR GE S (& Sb),
1M 56 F N-2.3 T SR BRI (NEM, — A= W B 4l 3711
% E 30 min J5, FEHRE CO-NBS (10 umol/L)i# &
BT-474 NFLIMEANAE 30 min J&, FEARTUOEE 5K~
Az, 0 B Z IR B85 R I 2 40 A P PN IR T 1 A Y
(K 5¢). T3k, J6H NEM $53% 30 min, 157 5 FHAME
fJ Cys. Hcy. GSH (1 mmol/L)## & BT-474 A FLARSE 4
Ji230 min, /5 751 F % CO-NBS (10 umol/L)¥E & 41
ffl 30 min, BT-474 A LIRS 40H0 o R 965 5
(Bl 5d~510). Vhbgh BRIz EE B A RIS 40 i
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'H NMR spectra of the product, CO-OH, and CO-NBS
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Figure 5 Laser confocal imaging of CO-NBS in BT-474 human breast cancer cells
(al-3) Image of cells in the absence of probe CO-NBS, (b1-3) image of cells which were incubated with probe CO-NBS (10 pmol/L) for 30 min, (c1-3)
the cells were pretreated with NEM (1 mmol/L), (d1-3, el-3, f1-3) the cells were pretreated with NEM (1 mmol/L) for 30 min and then incubated with Cys,
Hcy and GSH (1 mmol/L) for 30 min and probe CO-NBS (10 umol/L) for 30 min subsequently. Emission was collected at 493~591 nm, excited at 458
nm, scale bar: 40 pm
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Figure 6 Fluorescence images of probe CO-NBS sensing Cys in 3-day-old zebrafish
Emission was observed at 493~591 nm, excited at 458 nm, scale bar: 40 mm
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FIE G 44 N AR V)RR

2 Zhig

BT RO R 5 T R AT I RO R ET
CO-NBS, iZiFEF DL 2,4- 3 R BEEE I 5 401 NAED
TR vk = C AP I E VW= S A ol Brivke s ¥ ol Ka s
e /1. 78 DMSO-PBS (V@ V=1 : 1, 10 mmol/L, pH
TABIZEI R, BB SN Cys. Hey. GSH BIHRHE
(70, 70, 140 s). mRBEGEHES M8 920 30, 62
nmol/L) M N, I HiZ#R% CO-NBS A9 1% 3h v T
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Bruker AVANCEIII 600 MHz)l5E, 173 35 et 55 Jif
T (ESI-HRMS) % #f i Ultra-Apex Fourier-transform 2 ¥
0] JiE FL 4R S 15X (Bruker Daltonics Inc)iEATill 52, L4h-
AT LIRS T R ' K 5 i 43 7 B Agilent Technolo-
gies Cary 60 7 Y66 i1 Agilent Cary Eclipse %¢ 6
FETHIE. 20 RAR AN BE 5 g B OGS AR SO
EAER Carl of Zeiss (Zeiss LSM 880)F1 4.
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4 (T LIBFY KB, CBLZFR 2B TRE. Xt
RERHRE . 24 AR BE S LKA ALY
(Na,S*9H,0) « . i iR & 8 (NaHSO;) fit AX B R 44
(NayS,0;). {RIEN(NaBr). EALEI(NaCl). FALEN(NaF)
AL (Nal). FEEER(Cys). R R (Hey) 20t
H K (GSH) K & R (Arg) « R4 BEZ (Asn) . F AR &R
(Met). 4R (Val). HZEIR(Gly). HEKHis). B
FR(Lys)s St5e@ R (lle). BEZFER(Tyr)s 73&ABR(Thr). %
I E (Gln) K& Z R (Asp). 7 & R (Leu) 22 A (Ser)~
2 F 5 2 (Phe)« B2 H2(Glu). (0 R (Trp)« TN & F2(Ala).
FH R (Pro) 41 3 W 4li, W E T2 & . 2 rapky Bl
T\ BRG] A .

3.2 X%t CO-NBS U&=

W 4-(— L IREEIE)K5(2.90 g, 15 mmol). ZEEZ
IR Z.FE(2.15 g, 16.5 mmol)H 30 mL ZBEH AR, SRIERE
SR IIIRAE (0.15 mL). =R+ 30 min J&, MR
7678 CFFFEAL 2 h 8005, H R E 4 R 2=
B 3-LBRE-7- AR EEFEE R0, 342 g, PR
88%. 'H NMR (600 MHz, DMSO-d;) J: 8.55 (s, 1H), 7.51
(d, J=15.8 Hz, 1H), 6.78 (dd, J=9.0, 2.0 Hz, 1H), 6.61
(d, J=8.4 Hz, 1H), 3.51~3.39 (m, 4H), 2.47 (s, 3H), 1.22
(t, J=7.0 Hz, 6H); *C NMR (150 MHz, DMSO-d;) o:
198.1, 158.9, 156.2, 118.7, 136.8, 130.7, 129.1, 107.9,
107.1,96.5, 46.8,29.3, 12.2.

BALEY 1 (6.50 g, 15 mmol). XF FIE A HIEE(2.01 g,
16.5 mmol)f 50 mL CH;CN & #, 4SR5 a1 sedti i ik
WE(0.66 mL), KM T 80 C IRl 8 h. 5515 [ M,
HEUEDUTE, VIWEA CH3CON ek, TR 23 AR K
(E)-T-( = LS )-3-(3-(4-F2 R 58 ) A I I 22 )-2. - Wb g -2--
fifl(2), 3.06 g, F* 56%. 'H NMR (600 MHz, DMSO-d)
5: 10.02 (s, 1H), 8.51 (s, 1H), 7.74 (d, J=15.6 Hz, 1H),
7.63~7.56 (m, 2H), 7.52 (d, J=8.4 Hz, 2H), 6.79 (d, J=
8.4 Hz, 2H), 6.74 (dd, J=9.0, 2.0 Hz, 1H), 6.54 (d, J=1.6
Hz, 1H), 3.46~3.42 (m, 4H), 1.09 (t, J=7.0 Hz, 6H); "°C
NMR (150 MHz, DMSO-d;) d: 183.9, 159.4, 157.7, 156.7,
149.1, 146.8, 143.9, 134.1, 130.2, 129.6, 127.1, 125.1,
115.3,107.9, 106.4, 96.4, 48.9, 37.7, 11.4.

Btk &2 (0.54 g, 1.5 mmol). = Z.%(0.18 g, 1.65
mmol) 15 mL DMF #fi#, =& FHik: 10 min, 2857
B 2,4- R HE R 50(0.48 g, 1.65 mmol) T, 7
FIR AR 10 h 5, IAZK(15 mL)EE KR, SR 5
H CH,Cl, (20 mL X 3)ZEH. & A HIAH, HICKEER N
TP, DR BEZEBR KVER. K A gt — b Al
th, FEEIBA B R RV D V=10 © DA
WA, BAEREE CO-NBS, 0.47 g, 773 53%. m.p.
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236.8~237.7 ‘C; '"H NMR (600 MHz, DMSO-d;) &: 9.13
(d, J=2.2 Hz, 1H), 8.62(d, J=2.2 Hz, 1H), 8.60 (s, 1H),
8.26 (d, J=8.7 Hz, 1H), 7.94 (d, J=15.8 Hz, 1H), 7.80 (d,
J=8.7 Hz, 2H), 7.70~7.64 (m, 2H), 7.28 (d, J=8.6 Hz,
2H), 6.82 (dd, J=9.0, 2.0 Hz 1H), 6.62 (d, J=2.0 Hz, 1H),
3.51~3.49 (m, 4H), 1.25 (t, J=7.0 Hz, 6H); °C NMR
(150 MHz, DMSO-dy) 0: 185.4, 153.1, 149.3, 148.5, 148.1,
132.4, 130.3, 126.7, 121.1, 115.3, 110.3, 107.9, 95.9,
44.46, 12.33; HRMS (ESI) caled for CogHyuN3O;0S [M+
H]" 594.1138, found 594.1177.

3.3 R4t CO-NBS HIFiEinix /5 5%

HERAFREL CO-NBS [#]44(1.18 mg, 2 mmol), A 1 mL
DMSO R EE 2 X107 mol/L (2 mmol/L)[{J#5
Bt &V I AER RIS R o, ke SL
TIKIEAR, 1352 X 1072 mol/L HIfE &I, 5866 HEAX
WE N WO 450 nm, $24% 5 nm/10 nm, HJE 700
V.

3.4 #R%t CO-NBS BN E /5%

oK BT-474 At T 96 Lk, % AEAL
IX 10N, ARG AEREFRH (5% CO,, 20% O, 37 C)
SR 24 he ) ER IR AR RS BE VK JE (0, 10, 20
umol/L)¥R%F CO-NBS J&, W4Hff=E 7= 12 8024 h. 2
JERFLINA 10 pL MTT ¥#3(5 mg/L, ¥+ DMSO H),
W 4h )5, B2 MTT W, Fm& N FLF A 100 pL
DMSO, &£ FLARIREES Fid% 490 nm AbHIWE (A
R ZARYE A T ARG R AHIAATE R (%) = (L3R
21T WG B — 25 [ ST G BB /(xR AL 1~ )
W R — 25 PTG ) X 100%.

$#H B#1 K (Supporting Information) 7%l CO-NBS [
'H NMR. "C NMR. HR-MS. 415610 LUK MTT
BPs . X bk ay DL A 9 A T 5 (http://sioc-
journal. cn/) & T #K.
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