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Synthesis of a Carbocyanine Type Anti—-Photobleaching pH Fluorescence
Probe and the Application in Cell Imaging

Xiang, Decheng’ Liu, Heng" Meng, Qinghua**“ Lan, Minbo*” Wei, Gang**
(“ School of Chemistry and Chemical Engineering, Shanghai Jiao Tong University, Shanghai 200240)
(® Shanghai Key Laboratory of Functional Materials Chemistry, East China University of Science and Technology, Shanghai
200237, China)
(° CSIRO Materials Science and Engineering, P.O. Box 218, Lindfield, NSW 2070, Australia)

Abstract The pH-dependence fluorescence monitoring probes are of great significance and play many critical roles in
studying of cells, enzymes, and tissue activities, including proliferation, apoptosis, multidrug resistance, ion transportation,
endocytosis, and muscle contraction efc. Here a carbocyanine type anti-photobleaching pH fluorescence probe was synthe-
sized in which four chlorine atoms were substituted. The probe had two fluorescent peaks at the wavelengths of 530 nm and
596 nm respectively under the irradiation at the excited wavelength of 500 nm. The fluorescent emission at 596 nm indicated
a large stokes shift of 96 nm and the strongest value at the pH value of 8.5, and the fluorescent emission was very weak at the
pH values of <<8.1 or >9.8. Then three configurational structures as A, B and C were proposed accordingly, which were
further confirmed through calculation by the density functional theory in the Gaussian 03 soft package. The coplanarity of the
structure B was found which was contributed by the intramolecular hydrogen bond between two sulfonic acid groups. The
coplanarity thus led to the higher conjugation system in the molecule structure and the stronger fluorescence emission. The
fluorescence quantum yield was measured as 0.35 by the relative measuring method and the transient fluorescence spectra
were determined as well. In the photobleaching test, the probe showed a good anti-photobleaching performance with the sta-
ble time of more than 70 min, which was much better than the traditional organic probes. The anti-photobleaching perform-
ance was good enough to ensure the wide application in biology imaging. The fluorescence images of PANC-1 cells stained
by the probe (1 pmol/L) incubated in PBS buffer solution were obtained by the inverted fluorescence microscope. The probe
was found aggregated onto the cell-membrane during cell differentiation and proliferation processes.

Keywords carbocyanine dyes; photobleaching; pH fluorescence probe; cell imaging
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Figure 1 pH dependence of the fluorescence spectra of 20 pmol/L
probe (Ex500 nm, -m- the changes of fluorescence intensity at 530 nm;
-e- the changes of fluorescence intensity at 596 nm)
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Figure 2 pH dependence of the absorbance values at 515 nm of 20
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Scheme 2 The mechanism of probe (CyCl4)’s fluorescent response to
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Figure 3 The time-resolved fluorescence spectrum of 100 pmol/L probe
(CyCMl) at pH 8.5, m: experimental data, — simulation line, Aex 500 nm,
Aem 596 nm.
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Figure 4 The photobleaching tests of the probe (pH=38.5, UV source
power 16 W, -m- the changes of fluorescence intensity at 530 nm; -e- the
changes of fluorescence intensity at 596 nm)
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Figure 5 The fluorescence images of PANC-1 cells stained by probe
(CyCH4) (1 umol/L) incubated in PBS buffer solution (pH 8.3), (a) the
fluorescence image of cells excited by 500 nm light, (b) the bright-field
transmission image of cells
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AITSBER LT A, BIEREH(CyC): 1,1- 4 5k-3,3-
TN 2£-5,5',6,6'-PU SR AR #5840 21, 772 41%. m.p. 290~
292 ‘C. 'H NMR (400 MHz, DMSO-dg) : 9.90 (s, 1H),
8.60 (s, 1H), 8.56 (s, 1H), 8.04 (s, 1H), 7.97 (s, 1H), 7.84
(t, J=13.2 Hz, 1H), 5.96 (s, 1H), 5.92 (s, 1H), 4.59 (t, J=
8.0 Hz, 2H), 4.46 (t, J=8.0 Hz, 2H), 4.39~4.30 (m, 8H),
2.21~2.14 (m, 2H), 2.08~2.00 (m, 2H), 1.49 (t, J=7.2
Hz, 3H), 1.37 (t, J=6.8 Hz, 3H); *C NMR (100 MHz,
DMSO-dg) d: 167.1, 149.3, 145.1, 131.5, 126.5, 116.3,
86.8, 48.2, 46.8, 43.2, 25.9, 14.8; IR (KBr) v: 3400, 1510,
1480, 1230 cm™'. HRMS (ESI+): 711.0445 (caled for
Ca7H31 CLLIN4O6S,, [M+H]: 711.0434).
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Bidil 100 umol/L #REF /KW, 7t pH & 8.5 KR H
L [E PTI A7) QM/TM/NIR [ 25 /F8 75 9¢ 60 Mt R G AT
IR A 2B IE g I i, BRI 500 nm, KYTEK 596
nm.
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