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ABSTRACT. The fluorescence detection of intracellular metal ions are high interest in the fields of organic molecular chemistry
and cellular biology. This study was purposed to detection for mercury and zinc in the cell using fluorescent chemosensor (FS). FS
exhibits a weak fluorescence, but emits strong fluorescence upon Zn’* complexation. The increased fluorescence of the 2FS/Zn"*
can be quenched completely by addition of only 1 equiv of Hg” " with the formation of complex FS-Hg"". Four cell lines (LLC-MK2,
Hela, HT29 and AMC-HN3) were used for fluorescence imaging by confocal microscope. The cell viability MTT (3-(4,5-dimethyl-
thiazol-2-yl)-2,5-diphenyltetrazolium bromide) assay was evaluated after cell treatment of FS, Zn>", FS-Zn”", Hg”  on LLC-MK2
cell line. The cytotoxicity of FS was showed to viability over 80%. This study has shown that FS can be detected for selective
imaging of Zn’* and Hg"" in living cells.
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Acetonitrile (Aldrich Chemical Co., Milwaukee, USA) me-
thanol (Aldrich Chemical Co., Milwaukee, USA), dimethyl
sulfoxide (Merck, Mumbai, India), 3245 0] 22 Li", Na',
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metal perchloride (Aldrich Chemical Co., Milwaukee, USA)
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Co., Milwaukee, USA)ES A&-514 T
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UV/Vis 28 EZ.2 S-3100 series PDA UV/Vis (Scinco Co.,
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A|3E5=rheses monkey kidney cell (LLC-MK2 cell), human
epithelial carcinoma cell line (Hela cell), human colon adeno-
carcinoma cell line (HT29 cell), human head and neck cancer
cell (AMC-HN3 cell)Z At vl st et ZF N 2= Sk
(Nunc, Rochester, NY, USA)o]| A dulbecco's modified eagle's
medium (Gibco. BRL, Rockville, NY, USA) media 500 mLoj|
10% fetal bovine serum (Gibco BRL, Rockville, NY, USA)
50 mL} antibiotic-antimycotic (Gibco BRL, Rockville, NY
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Fig. 1. UV/Vis spectra of FS (20 uM) in CH3CN/H,O solution
(1:1, v/v) in the presence of various metal cations (Na’, Li", K',
Cs',Rb", S, Ba™", Cu”", Mg™", Ca™", Cd*", Hg’  and Zn’*, 200 uM,

respectively).
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Fig. 2. Fluorescence responses of FS (10 uM) in CH;CN/H,O solution (9/1, v/v) in the presence of (a) various metal cations (Li", Na',
K, Rb', Cs", Mg2+, Ca2+, Sr2+, Ba2+, Cu2+, Cd2+, Hg2+ and Zn2+, 100 puM, respectively) and (b) increasing concentrations of Zn*t 0.2,04,
0.6,0.8,1,2,3,4,5,6,7,8 and 10 uM). Excitation at 355 nm; all cations used as perchlorate salts. Inset 2b: fluorescence intensity of

FS at 522 nm vs. equiv of Zn®>".
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Fig. 3. Fluorescence changes of the 2FS/Zn”" (5 uM) in CH;CN/
H-0 solution (9/1, v/v) upon addition of various concentrations
of Hg(ClO4), (0, 0.2, 0.4, 0.6, 0.8, 1, 2, 3, 4 and 5 uM) with an
excitation at 355 nm. Inset: fluorescence intensity decrease (/y-/)
at 552 nm of FS vs. equiv of Zn*".
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5 uM2] 2FS/Zn*" Z>8-oof Hg(Cl04),Z 0, 0.2, 0.4, 0.6, 0.8,
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Fluorescence ratio (/1)
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Zn** + Metal cations
Fig. 4. Fluorescence responses of FS (10 uM) at 513 nm with
various metal cations (Na*, Li", K*, Cs", Rb", St*', Ba*, Cu™’,
Mg”", Ca®", Cd*" and Hg”", 10 uM each) in CH;CN/H,O solution
(9/1, v/v) upon addition to 10 uM of Zn** (/ and Iy denote fluore-
scence intensity of F'S + various cations in the presence and absence
of Zn™", respectively).

FSoh okt G401 259 Egtolo Zn'' 9] 3714
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Fig. 5. Fluorescence changes of FS (10 uM) at 513 nm in CH;CN/
H,0 solution (9/1, v/v) upon addition of Zn** (10 uM) and sub-
sequent addition of different metal cations (10 pM) (/ and /ydenote
fluorescence intensity of FS + Zn”" in the presence and absence of
various cations, respectively).
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Fig. 6. Fluorescence changes of 2FS/Zn”" (10 uM) at 513 nm upon
addition of different metal cations (10 pM) and subsequent addition
of Hg2+ (10 uM) in CH3CN/H,O solution (9/1, v/v) (I and Iydenote
fluorescence intensity of 2FS/Zn”" + various cations in the pre-

sence and absence of Hg"', respectively).
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Fig. 7. Confocal fluorescence images of Zn®

" in Hela cells. The excited light is 405 nm (Zeiss LSM 510 META confocal microscope,

% 40 objective lens). (a) Bright-field transmission image of Hela cells with FS (50 pM). (b) Fluorescence image of Hela cells with FS
(50 uM). (c) Fluorescence image of Hela cells with 2FS/Zn" (50 uM). (d) An overlay image of a and c.
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(b)

Fig. 8. Confocal fluorescence images of Zn>" in HT29 cells. The excited light is 405 nm (Zeiss LSM 510 META confocal microscope,
% 40 objective lens). (a) Bright-field transmission image of HT29 cells with FS (50 uM). (b) Fluorescence image of HT29 cells with FS
(50 uM). (c) Fluorescence image of HT29 cells with 2FS/Zn*" (50 uM). (d) An overlay image of a and c.

@ N CE ©

Fig. 9. Confocal fluorescence images of Zn*" in LLC-MK2 cells. The excited light is 405 nm (Zeiss LSM 510 META confocal micro-
scope, x 20 objective lens). (a) Fluorescence image of LLC-MK2 cells with FS (50 uM) (b) Bright-field transmission image of
LLC-MK2 cells with FS (50 uM). (c) Fluorescence image of LLC-MK2 cells with 2FS/Zn*" (50 uM).

(©

(d) ()
Fig. 10. Confocal fluorescence image of Hg2+ in AMC-HN3 cells (excitation at 405 nm, Zeiss LSM 510 META confocal microscope,

x 20 objective lens). (a) Fluorescence image of AMC-HN3 cells with 2FS-Zn”" (50 uM) and after subsequent treatment with increasing
concentrations of Hg™", (b) 5.0 uM, (c) 10 pM, (d) 20 uM, (e) 30 uM, and (f) 50 uM.
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Fig. 11. Confocal fluorescence 3D slice image of Zn”" in Hela cells incubated with 2FS-Zn®" (50 pM) (excitation at 405 nm, Zeiss LSM

510 META confocal microscope, % 60 objective lens).
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Fig. 12. The cell viability according to the concentration of FS with heavy metals (bars: mean + standard deviation).
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