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Synthesis of a Reversible Fluorescence Probe for Hg®* and
Its Application in Living Cells
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Abstract A new rhodamine B derivative T1 has been rationally designed and synthesized facilely by the condensation reac-
tion of rhodamine B hydrazide and o-phthaloyl chloride. The recognition properties of the target compound T1 with metal ions
had been investigated by the fluorescence spectrophotometry. This probe exhibits several favorable features, including instan-
taneous and reversible recognition, high sensitivity and selectivity to mercury ions. When the concentration of Hg?>" was in
the range of 4X 10™%~9X 10~® mol/L, there was a good linearity between the fluorescence intensity and the concentration of
Hg?". The fluorescence imaging experiments of Hg”" in HepG2 living cells demonstrated their valuable application in

biological system.
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Table 1 Effect of molar ratio of raw materials on the yield

%ﬁﬂ‘] 1.5:10 20:10 25:10 30:1.0 35:1.0
14

FER%  68.6 84.8 89.6 72.3 70.5
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Figure 1 Fluorescence response of probe T1 (20 umol/L) to
different metal ions (20 pmol/L)
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Figure 2 The colorimetric (a) and fluorometric (b) changes of T1 (20 pmol/L) upon addition of Hg*" and other cations in aqueous so-

lution (20 pmol/L for Hg*" and other cations)

1,Ni*"; 2, AP"; 3, Pb?"; 4, Pd*"; 5, Zn*"; 6, Mg®"; 7, Ca®"; 8, Mn®"; 9, Hg”"; 10, Cd**; 11, Sn**; 12, Cu®"; 13, Cr*'; 14, Na"; 15, Ag'; 16, Ba*"; 17, Fe*".
The two photos were obtained in sunlight (a) and upon at 365 nm using UV lamp (b), respectively
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Figure 3 Fluorescence intensity changes of T1 (20 umol/L)
upon the addition of various metal ions (20 pmol/L) in the pres-

ence of Hg?" (20 pmol/L) solution

The black bars represent the fluorescence response of T1 and competing
ions: 1, Ni?"; 2, Fe*'; 3, Pd*"; 4, Pb>"; 5, AI’'; 6, Mgz‘;7, Ca®"; 8, Mn*";
9, Cd*'; 10, Sn*'; 11, Cu®'; 12, Cr*'; 13, Na'; 14, Ag'; 15, Ba'; 16,
Zn*"; 17, Hg*'. The red bars represent the subsequent addition of 20
umol/L ng‘ to the above solutions (Aex=>545 nm, Ae, =589 nm)
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Figure 4 (a) Fluorescence emission spectrum of T1 (20
umol/L) in the presence of Hg”" with concentration increased,
and (b) emission spectra of compound T1 as a function of Hg*"
concentration (A =545 nm, A, =589 nm)
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Figure 5 Job’s plot of probe T1 and Hg*"
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Figure 6 Benesi-Hildebrand plot of T1 assuming 1 : 1 binding
stoichiometry with Hg2+ (Aex=1545 nm, A, =589 nm)

Insert: fluorescence intensity of T1 (10 pmol/L) versus the concentration

of Hg”" in the low concentration range (4.0 10 %~9.0X 10 * mol/L;
Aex=1545 nm, Aer, =589 nm)
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Insert: Effect of time on probe T1 recognition Hg*'
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Figure 8 Fluorescence intensity of probe T1+Hg?" as a func-
tion of Nal concentration in EtOH-HEPES buffer (V. V=1 .1,

pH=7.2) solution
Inset: stepwise complexation/decomplexation cycles carried out with T1
and ng+ (Aex=545 nm, Aer, =589 nm)
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Figure 9 Fluorescence images of Hg”" in HepG2 cells
(a) Fluorescence images of HepG2 cells treated with T1; (b) fluorescence images after presence of Hg?"; (c) bright-field image of cells shown in panel; (d)

overlay image of (b) and (c)
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HE. CHEF DMF 1 Ab B, 2ok (55 1402,
JITAT 4 8 15 1 il 46 Y0P AL (100 s Rk o G SRV T 7%
K4S

3.2 TWAHE

3.21 RE T1RIAH

¥ 0.96 g (2 mmol) &' FHH B-IEIFA T 30 mL 4554 1C
K, B 0.15 mL (1 mmol)ABZE — HI B T
10 mL 4a%§ JoK LR, vk REAR2R — H I S 92 12 i
INE P BERRA R, FREIN 1.5 mL = 48%, UK R
I 2 h, TLC Wil s NBEFE. Vo5, s 282507,
B 40 mL 0.1 mol/L HC1 F5k4x4, #X)5H 30 mL 0.1
mol/L NaOH {75 pH #| 8~9, Hlif&75 241 5. FEZHT
A5 0.92 g AW T1, FIHEMAR, P22 84.8%. m.p.
167~169 ‘C; "H NMR (CDCls, 400 MHz) 6: 1.13 (t, J=8
Hz, 24H), 3.31 (q, J=8 Hz, 16H), 6,25 (d, J=8 Hz, 4H),
6.32~6.38 (m, 4H), 6.68 (d, J=8.0 Hz, 4H), 7.14~7.16
(m, 2H), 7.36~7.47 (m, 2H), 7.47~7.54 (m, 4H), 7.64 (d,
J=8 Hz, 8H), 7.98 (d, J=8 Hz, 2H); IR (KBr) v: 3423,
2960, 2922, 1717, 1690, 1612, 1544, 1515, 1459, 1422,
1354, 1267, 1215, 1115, 1019, 949, 881, 817, 784, 751,
691, 625, 576, 536, 472 cm'; C NMR (CDCls, 100
MHz) §: 13.4, 35.2, 62.3, 92.9, 99.9, 102.7, 108.4, 117.8,
118.4, 122.6, 124.7, 127.6, 128.4, 128.7, 129.9, 131.2,
132.7, 139.9, 162.3; MALDI-TOF MS m/z: 1043.5185
(M"=41). Anal. calcd for Ce4HesN3Oq: C 73.68, H 6.38, N
10.74; found C 73.79, H 6.46, N 10.68.
3.2.2 Rk

LS T1 R 2 X 1074 mol/L ¥, 42 )&
R FHZEABKEL 2X 107 mol/L ¥, BWUREr T1 ¥ 1
mL ‘E T 10 mL A, AR50 5N = 1A F 2
T, AR R R LS. JRE R A
A7, FH DA SL9e e R B e i GRBEME, Sk, WRIEH
Ji, Job HhZE). A el e AT pH DL I a3 R4 & S
(K s R 4g R () EtOH-HEPES WG I Fak 28007
i

TARSAE: =3, FER R 1 emX 1 em X4 em A7
P fo L, Bk BREE5eE 2.5 nm, KRGIBREETEE 5.0 nm.
PR dox J9 545 nm, REGE A 1, W 0.5, T
555~750 nm Y [F AN 26 .
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