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A Highly Sensitive Ratiometric Fluorescence Probe for Zn* Detection in Living Cells

ZHANG Chang-Li* XU Jian HUANG Fang ZHAO Hai-Rong CHEN Chang-Yun
(School of Environmental Science, Key Laboratory of Advanced Functional Materials of Nanjing,
Nanjing Xiaozhuang University, Nanjing 211171, China)

Abstract: The emission spectra of 2-PBI  (2-(2"-pyridyl) benzimidazole) show a red shift at a specific wavelength in
both aqueous and acetonitrile solutions. However, 2-PBI cannot be used as ratiometric fluorescent probe for Zn?*
because of its low binding ability and variable coordination ratio to Zn?*. In this study, in order to add coordination
atoms and promote the ICT effect of the probe by introducing N,N-dimethyl group at its 5-position of 2-PBI,
design and synthesize a new ratiometric Zn?* fluorescent probe DBITA. The results show that, besides large
Stokes shift of 172 nm, DBITA exhibits the specific Zn**-induced emission red-shift from 534 nm to 609 nm.
DBITA combines with Zn** as 1:1 binding ratio. Moreover, DBITA displays the extremely high affinity toward
Zn* of 0.16 pmol - L. In HelLa cells, DBITA can be used to quantitatively detect intracellular Zn*.

Keywords: zinc ions; fluorescence probe; ratiometric; quantitative; cell imaging
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(a) Emission spectra of 10 wmol- L™ DBITA (A, 362 nm) in HEPES buffer solution; Inset in the titration profile based

on the emission ratio at 609 and 543 nm, Fgy/Fsy; (b) Absorption spectra of 10 pmol- L™ DBITA in HEPES buffer

when titrated with Zn*" (1.2 mmol-L™) solution; Inset in Zn* titration profile according to the absorbance at 340 nm
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(a) Spectrum obtained when the ratio of ¢(Zn*),,./c(DBITA) is 1:1, (b) Spectrum obtained when the ratio of ¢(Zn*),,./c(DBITA)

equals 0.5:1, (c) Spectrum of free sensor, (d) The proposed Zn*" binding mode; Signals marked with ¥« and * are for the protons

from free sensor and zinc-bound sensor, respectively
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Determined isotopic distribution patterns of the peaks with m/z of 256.83 and 512.33 are shown as insets (a) and (c);

Corresponding simulated ones for [M+Zn*]* and [M+Zn*~H"]" are shown as insets (b) and (d)
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Fig.3 MS spectrum of DBITA/Zn* complex
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(a) Emission ratio at 609 and 543 nm of DBITA (10 wmol L™, A,=362 nm) induced by different metal cations in

HEPES buffer (50 mmol- L™, pH 7.2, 0.1 mol-L™" KNO,); Final concentration for Zn*, Cd*, Cu*, Fe*, Hg*, Mn*,
Ni*, Hg*, Co* and Pb* is 10 pmol L7, for Na*, K*, Ca®, and Mg* is 0.10 mmol- L, (b) Emission ratio Fg/Fss
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Dual emission ratiometric imaging of intracellular Zn* in HeLa cells via DBITA (10 pmol-L™, 20 min) staining at 25 C:
(a, e, i) HeLa cells incubated with DBITA at 25 °C for 20 min; (b, f, j) the stained cells were exposed to 5 pwmol- L.
Zn(NO;),/2-mercaptopyridine-N-oxide solution at 25 °C for 5 min, followed by washing with DBITA solution, (c, g, k) the
cells in (b, f, j) further treated by TPEN solution (25 pmol L™, 20 min, bottom); (a, b, ¢) Fluorescence images obtained
according to the emission collected at 500~540 nm; (e, f, g) Fluorescence images obtained according to the emission
¢), A,=405 nm; (d) Histogram of

the average signal intensity corresponding to images shown in (a~c); (h) Histogram of the average signal intensity

collected at 580~620 nm; (i, j, k) Ratiometric images generated from (e, f, g) and (a, b,

corresponding to images shown in (e~g); () Histogram of the average ratio value corresponding to images shown in (i~k)
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Supporting information is available at http://www.wjhxxb.cn
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