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A Novel Logic Gate Fluorescent Sensor for the Sequential
Detection of Cd*" and Pyrophosphate Anion and
Application in Cell Imaging

Chang, Yongxin® Li, Bai® Guo, Miao® Cai, Yonghong™* Xu, Kuoxi**?
(¥ Engineering Laboratory for Flame Retardant and Functional Materials of Henan Province, Institute of Functional Organic
Molecular Engineering, College of Chemistry and Chemical Engineering, Henan University, Kaifeng 475004)
(* Institute of Nanomaterials Engineering Research Center, Henan University, Kaifeng 475004)

Abstract A novel fluorescent sensor L based on 8-hydroxyquinoline (8-HQ) has been designed and synthesized. The sensor
L displayed excellent sensitivity specific toward Cd®>" and pyrophosphate anion (PPi), respectively. The fluorescence emission
peak at 537 nm was quenched when Cd?* was added to the DMSO/H,0 (V/V=1/1, 0.01 mol/L, Hepes-HCI buffer, pH=7.20)
solution of sensor L and the detection limit was as low as 5.87 X108 mol/L. The 1 : 1 stoichiometry was verified by Job's plot
and mass spectrum, and the association constant was obtained to be 4.37 X 10* L/mol. The further study found that the L-Cd*"
system has high selectivity for detection of PPi by ligand replacement method and L could be used as a logic gate fluorescence
sensor. In addition, the sensor L was employed for imaging the Cd?" and PPi in living cells.

Keywords 8-hydroxyquinoline; fluorescent sensor; sequential detection; cell imaging
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Scheme 1  Synthesis of compound L
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Figure 1 Fluorescent intensity (1ex=320 nm) of sensor L upon
the addition of 5 equiv. different metal ions Na*, K, Ag*, zZn?",
Mg?', Ba®', Ca®', Mn?', Pb?', Hg?', Ni?', Cd?', Co?', Cu?’
cr¥t, Fe** and AP in DMSO/H,0 solution (V/IV=1/1, 0.01
mol/L, Hepes-HCI buffer, pH=7.20)
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Figure 2 (a) Fluorescent spectra of sensor L (3.33X107°
mol/L) with the addition of various concentration of Cd?" (0~
1.35 equiv.) in DMSO/H,0O solution (V/V=1/1, 0.01 mol/L,
Hepes-HCI buffer, pH=7.20) and (b) linear relationship of fluo-
rescence intensity of sensor L as a function of Cd?"

Inset: Visual color changes observed in solution of L (left) and L-Cd?’
(right) after addition of 3.0 equiv. of Cd®" ion
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Figure 3 (a) Job's plot for the sensor L with Cd*in DMSO/

H,O solution (V/V=1/1, 0.01 mol/L, Hepes-HCI buffer, pH=
7.20), and (b) pH’s impact of recognition ability of sensor L
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Figure 6 Fluorescence spectra of L-Cd?" (3.33X10°° mol/L)

upon addition of various anions in DMSO/H,0 solution (V/V=
1/1, 0.01 mol/L, Hepes-HCI buffer, pH=7.20)
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Figure 8 Complex mode of sensor L and the corresponding
table and logic diagrams that simulate the INHIBIT function
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Figure 9 HOMO, LUMO Electron distribution and band gap

energies AE (Enomo— EvLumo) orbitals for sensor L or L-Cd®"and
calculated through the B3LYP/6-31G* set
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Figure 10 Live cell fluorescence imaging of sensor L in living
PC-12 cells

(a) Bright-field image of living PC-12 cells incubation with L (1.0X107°
mol/L) for 30 min, (b) fluorescence images of a, (d) bright-field image
with L (1.0 X 10 °mol/L) and Cd?" (1.0 X 10 ° mol/L) ion for 30 min, (e)
fluorescence images of d, (g) bright-field image of L (1.0X107° mol/L)
for 30 min again incubated with Cd*" (1.0X10°° mol/L) and P,0%
(1.0X10"°mol/L), (h) fluorescence images of g, (c), (), (i) are overlay of
its corresponding image, respectively
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120.35, 118.02, 117.45, 111.84, 111.35; IR (KBr) v: 2760,
1710, 1845, 1254 cm ', HRMS calcd for CysHioN,Os
[M+H]" 423.14517, found 423.14529.
322 ZARXEN

EARKE % Ba?t, AR, Co?', Cr*t, Mn?", Fe?",
Ni2+7 Cu2+’ an+7 Ang, Cd2+’ ng+’ Pb2+54]ﬁﬁ@§ﬁ'iﬁ%%{ﬁ
(0.1 mol/L). K", Ca?", Na" Al Mg®" it % Wi /e ¥ 4 2
CaC1,°6H,0, KC1+6H,0, NaC1+6H,0, MgCl,*6H,0 434
7E 10 mL A& ECH AR EA 0.1 mol/L 7K.
&) L% f#{E DMSO HEC il % 0.01 mol/L . 1
S B, KT S MR 2 3.33X 10 °
mol/L (DMSO/H,0, Hepes buffer, pH=7.2, VIV=1/1).
FECEL 3 mL () L SR Y 1 em [ Eeam
TURL S 28 8 AN TR 1) 42 J8 5 ¥ (10 pL) in N 2 bE A 1,
SRIGAE IR T id 3 UV-Vis FI780ti, ok Ik v 320
nm, 4% R4 5.0/5.0 nm.
323 M®ititH

£ F Gaussian-09 FEFX & @2 L K HE 5YitiT
T ISR R PAT I IR W (R & TR A )
N DFT fALZE M e SR THI(PES) e fe /M, FF BL7E )L
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AT AR RIS ASE FH BRI WS S 2% A2
3.2.4  mBa AR MK,

PC-12 4H il fRAFE L5 10 witefia 24 i . 100 U/mL
FH R &M 100 pg/mL 5% % 11 Dulbecco Modified Eagle
Medium (DMEM)$5 3235 71, 4iiffirfE 37 C R SRR 5
5% CO, e R A KB g i ffe— A 12 4L
PR b 100 pL B537 15000 N4 f, SRJ57E 37 CHEE 16
h. SEIGHT, 45 344 L #E 0.1 mol/L JEH PBS il
HRAL[EEE 30 min. £59RSE, FH PBS L2 ifiiis B4 i A
T 7K CA(NOs), 43 30 min. | PBS Z2ilibeisc g
Jil 3 k. E R 5 A R B 7R L 40
BEAT R IR,

35 Bh#4%k(Supporting Information) fL&4% L 4 H
NMR, ®C NMR, HRMS (ESI)i%, Zikgtiit, MTT 4>
Br, PR MESLES, B T3 acth, HAMGE, L-Cd® R
W, CA? AL B A i e P07 AR I A I 2R, iX
S el AT DL 9 A F1] X 3% (http://sioc-journal.cn/) £ F
K.
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