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1. Materials and general methods

All the solvents were of analytic grade. The stock solutions of metal ions for fluorescence
discrimination were prepared from MnCl,, PbCl,, CoCl,-6H,0, Zn (NO3),-7H,0, CaCl,, NaCl,
CuSO0y, NiCl,-6H,0, KCl, CdCl,-2.5H,0, HgCl,, MgCl,-6H,0O using doubly distilled water. The
'H-NMR and “C-NMR spectra were recorded on a Bruker DRX-300 spectrometer with TMS as
internal standard in CDCl;. Mass spectrometric data were determined with a LCQJESI-MS [ Therso
Finnigan[] mass spectrometer. Fluorescence measurements were performed on an AMINCO
Bowman series 2 with 3 nm slit for both excitation and emission. Absorption spectra were
measured on a Shimadzu UV-3100 or an UV-VIS-NIR spectrophotometer. All pH measurements

were determined by a Model PHS-3C meter.

2. Synthesis of PBITA and its zinc complex Zn**/PBITA
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Scheme 1
Synthesis of compound 1

The ethanol solution (50 mL) containing 6-(hydroxymethyl) pyridine-2-carbaldehyde' (1.0 M) was
added slowly at room temperature to the mixture of o-phenylenediamine (3.92 g, 20 mmol) and
NaHSOj in ethanol (200 mL). The resulting mixture was refluxed with stirring for 6 h. Then, the
mixture was cooled to room temperature. After the removal of solvent in vacuo, the residue was
dissolved in CH,Cl, and washed with brine. The organic layer was dried over anhydrous MgSOy
and evaporated under reduced pressure after filtering off MgSQO,. The crude product was purified

by column chromatography (silica gel, EtOAc: hexane = 5: 2, R, O 0.4), and pure compound 1 was



obtained as a white solid in 64% yield. M.p. 253-254 °C. '"H NMR (300 MHz, CDCl;):  4.88 (s,
2H, -CHy), 7.30 (m, 4H, Ar-H and Py-H), 7.67 (m, 2H, Py-H), 7.81(t, 1H, J = 7.8, Py-H), 8.34 (d,
1H, J = 7.8, Py-H). ESI-MS (m/z): Calcd. 248.24, found: 248.03 for [M+ Na]".
Synthesis of PBITA

Compound 1 (0.190 g, 0.137 mmol) and 0.5 mL aqueous solution containing NaOH (0.6 g,
0.15 mmol) were mixed in THF (10 mL) when cooled with an ice-water bath. Then, 5 mL. THF
solution containing 0.153 g TsCI (0.617 mmol) was added to the mixture by a syringe at 0 °C. After
stirring for 1 h at this temperature, the mixture was washed with brine and dried over anhydrous

MgSO,. The solvent was removed under reduced pressure and the residue as compound 2 was used

for the preparation of PBITA without further purification. 'H NMR (300 MHz, CDCls): § 2.31 (s,
3H, -CHj3), 5.16 (s, 2H, -CH,), 7.27-7.35 (m, 5H, Ar-H and Py-H), 7.65-7.80 (m, 5SH, Ar-H and

Py-H), 8.34 (d, 1H, J=17.8, Py-H).

Compound 2 (103 mg, 0.27 mmol), 48.9 mg BPA (0.25 mmol) and 40 mg K,CO; (0.29 mmol)
were mixed in 10 ml anhydrous CH;CN and refluxed for 5 h under a flow of dry N, gas.> After the
reaction mixture was cooled to room temperature, the solvent was removed under reduced pressure.
Then, the residue was dissolved in CH,Cl, and washed with brine. The organic layer was dried over
anhydrous MgSO, and evaporated under reduced pressure. The residue was purified by column

chromatography (silica gel, EtOAc: MeOH =50: 1, Ry T 0.35) to give pure PBITA as a white solid

in 46 % yield. M.p. 73-74 °C. '"H NMR (300 MHz, CDCl;):  3.90 (s, 2H, -CHs), 3.99 (s, 4H, -CH.,),
7.20 (t, 2H, J= 6.9, Py-H), 7.29-7.31 (m, 4H, Ar-H and Py-H), 7.59-7.78 (m, 8H, Ar-H and Py-H),
8.27 (d, 1H, J = 8.1, PBI-H), 8.63 (d, 1H, J = 5.7, Py-H). >C NMR (75 MHz, CDCly): § 57.32,
59.88, 119.55, 122.25, 122.48, 122.95, 123.11, 123.68, 123.96, 136.61, 136.77, 137.58, 147.90,
149.02, 151.92, 156.79, 159.35. ESI-MS (m/z): Calcd. 407.20, found: 407.25 for [M+H]". Element

analysis (%) Calcd. for C,sHoNg: C, 73.87; H, 5.56; N, 20.67. Found: C, 73.79; H, 5.45; N, 20.72.
Synthesis of Zn’*/PBITA complex

ZnCl,-H,O (7.3 mg, 0.048 mmol) dissolved in MeOH (1 mL) was added to 2 mL methanol

dissolved with 20 mg PBITA (0.048 mmol) and stirred at room temperature for 2 h. Then, ether



was added to the mixture. The resulting precipitate was filter@dvashed with a small volume of

Et,0, and 19 mg dry solid was obtained as th&/BBITA complex. Yield, 85%. ESI-M{2):

Calcd. 469.11, found: 469.25 for [M+Zn-HCalcd. 235.05, found: 235.17 for [M+Z]
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Figure S1The'H NMR spectrum of PBITA in CDG]
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Figure S2The*C NMR spectrum of PBITA in CDGI
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Figure S3 The MS spectrum of ZH/PBITA complex. The determined isotopic distributipatterns of the peaks
with nvz of 469.25 and 235.17 are shown as insets a andeccdrresponding simulated ones for [M+Zri-ldhd
[M+Zn]?* are shown as insets b and d.

3. Absorption and emission spectra of PBITA

The PBITA stock solution ¢10*M) was prepared by directly dissolving the sensor in DMSO.
For the spectroscopic determination, the stock solution was dilutedHEPES buffer to the
desired concentratiolx10° M). For Zrf* titration, aliquots of 1ul aqueous Zf solution Zn
(NOs), (1x10°M) were added to 3 mL diluted PBITA solution. The measurements eaeried

out in 1 min. after the addition. All experiments were carried out at 298 K.
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Figure S4.Absorption spectra of PBITALx10°M) in HEPES solution (DMSO/water = 1 : 9, viv, pH 2)iwhen
titrated with Zr".
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Figure S5.(a) Emission spectrum of PBITAx10°M) in HEPES solution (DMSO/water = 1 : 9, viv, pH 2)7.
When excited at 336 nm. (b) TheZtitration profile of PBITA (X10°M) in HEPES solution (DMSO/water = 1 :
9, viv, pH = 7.2) according the,¥1s¢0, When excited at 336 nm.

4. Determination of the dissociation constant of Zfi/PBITA complex.
The HEPES (2-[4-(2-hydroxyethyl)-1-piperazinyllethanesulfordé@)abuffer (50 mM, pH

7.20, 0.1 M KNQ) containing Zn(N@, 0O ~ 9 mM) and 10 mM of EGTA
(ethylenebis(oxyethylenenitrilo)tetraacetic acid) were meghaand the concentration of free’Zn
was calculated using reported method (Eq? 1).

K’ zn-67a = Kznyy(1+107 P ((142.0PFPE0) (14207 P4 20P¢, 52PN (Eq. 1)
at pH = 7.20. Thus for EGTAKa = 9.40, K, = 8.79, K3 =2.70, K3 =2.70, i mn = 9.40, log
Kzny =12.6 (25°Cp=0.1 M)? The protonation constants were corrected upward by 0.11 when
working in 0.1 M ionic strength. Thuk 2z, gcta Value at pH 7.20, 0.1 M ionic strength is 3.80 x

1M, The calculated [ZH]secconcentration of each solution is:

[Zno | (MM) | 0.03 | 005 | 0.1 05| 08| 1 2 3 51 B 7 8 P

[Zn*ree | (MM) | 0.008 | 0.013| 0.026| 0.14 023 029 0p6 1.1 P& | 61| 11| 24

Stock solutions of PBITA in DMSO 10™ M) were diluted to the same final concentration of 1



x10°M with 50 mM HEPES buffer (pH 7.2, 0.1M KN{Dcontaining 10 mM EGTA and 0 -raM
Zn(NGy),, The fluorescence rati€49F350 Of each solution was measured, and fitted to the
following equation (eq% which gave &g of 7.9<10*2 M.

F = (Foin Ka + Fax[Z0*]/(Kq + [20"7]) (Eq. 2)
In the above equatiok, is the fluorescence intensity,,ax is the maximum fluorescence intensity,
Fmin iS the fluorescence intensity with no addition of*Zrand [Zff']fee is the free Zf'

concentration.
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Figure S6. Fluorescence ratio of PBITALx10° M) as a function of the concentration of free*Zm 50 mM
HEPES buffer (pH 7.2, 0.1 M KN with 10 mM EGTA and 0 - 9nM Zr?*. All data were expressed as the

fluorescence ratio (423 nm/360 nm). These data fiteed according to ref. 9a to give tKg constant.

5. Zinc titration of PBITA by 'H NMR spectroscopy

The'H NMR titrations were carried out by adding aliquots @i $olutions of Zn (N@),-7HO
in CD;OD (9.0 x 1 M) to the solutions of PBITA in CfDD (2.7 x 10 M). The spectra were

determined after 1 min. of shaking upon each addition. The experiments were carricZb8uta
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Figure S7.'H NMR spectra of PBITA (initiat = 2.7 x 1¢F M) in CD;OD upon ZA* titration € = 9.0 x 10 M in
CD;0D). (@) PBITA; (b) PBITA + 0.3 eq. ZA"; (c) PBITA + 0.7 eq.Zn*"; (d) PBITA + 0.9 eq. ZA"; (6) PBITA +
1.0 eq. ZA%; (f) PBITA + 1.1 eq. ZA".

6. Determination of quantum yields

Fluorescence quantum yield of PBITahd Zrf*/PBITA complex were determined in aqueous
solutions (100 mM KN@ 50 mM HEPES, pH = 7.2, DMSO/water = 1:9, v/v) by using quinine
sulfate solution®;= 0.546, 0.5 M HSQ,) as references. The quantum yields were calculated using
Eq.3:

= [(AF) (AFN)]Ds. (EQ.3)

Where A and A are the absorbance of the reference and sample solution afdhence
excitation wavelength,s/and Fare the corresponding integrated fluorescence intensity, and n and
ny are the refractive indexes of the solvents of the sample andetbeence, respectively.
Absorbance of samples and references at their respectivatiexcivavelengths was controlled to

be lower than 0.05.

7. Fluorescence of PBITA at different pH in DMSO-HO
Stock solutions of PBITA in DMSO «1.0* M) were diluted to a final concentration of10° M

with water. These solutions were adjusted to the suitable pH by &@HINQ solutions. The



experiments were carried out at 298 K.
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Figure S8.Fluorescence emission spectra of PBI([IP(l(T5 M) in agqueous (9 : 1, water/DMSO, v/v) solutions of
different pH.4ey, 336 Nnm.

8. Theoretical modeling

The geometry optimizations of PBITA and its zinc complex werfopaed in vacuum using the
hybrid density functional Becke-3-Lee-Yang-Parr (B3LYP) potentialconjuration with a
6-31G(d. p) basis set for H, C, N, O and Zn atoms, as implementedWsSIAN 03 software
packag€. This level is often estimated to be adequate for the geometipization of aromatic

compounds with metal interactions.

9. Cell culture methods and confocal imaging

Hela cells were cultured in Dulbecco’s Modified Eagle Medium supgteed with 10 % fetal
bovine serum, penicillin (100 units/ml), streptomycin (100 mg/ml) 8#dCQ, at 37°C. After
removing the incubation media and rinse withPBS for three times, the cells were stained by
PBITA by incubating the cells in 1tM PBITA solution for 20 min at room temperature. Then the
cells was washed three times with PBS and imaged with a T€& S2 microscope equipped with
a 63x oil-immersion objective. For the imaging of HeLa cells with exogeZod the exogenous
Zn®* was introduced by incubating the cells witt6ZnSQy/2-mercaptopyridinéN-oxide solution
(Prepared by diluting 5 mM ZnS@-mercaptopyridindd-oxide stock solution with 4 PBS).
Then the cells were dyed with PBITA solution in a similar procedure describgd abd imaged.
After the imaging, the cells of exogenous’Zwere further treated with 50M TPEN solution
(prepared by diluting the TPEN stock solution with RBS) to scavenge the intracellular’Zn
Then the cells were rinsed wittk PBS and imaged. For all imaging, the samples were excited at

356 nm, and the band pass is 410 — 450 nm.
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