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1. Experimental
1.1 Crystal growth and conditions

White single crystals of the probes were obtained at room temperature from the mixed solvents of CHCl;-
CH;CN solution by slow evaporation and then mounted on the goniometer of single crystal diffractometer.
The crystal data were collected at 296 K by using Mo Ka radiation by using ¢/®m scan mode and collected for
Lorentz and polarization effect (SADABS). The structures were solved using the direct method and refined by
full-matrix least-squares fitting on F> by SHELX-97.
1.2 UV-visible and fluorescence spectral measurements

The stock solutions of the probes were prepared in 100 pmol/L in EtOH-PBS (5:5, v/v) solution. The
solutions of the ions were also performed with the salts including KCI, CaCl,, NaCl, MgCl,-6H,0, AICl;,
ZnCl,-6H,0, FeCl;, SnCl,, PbCl,, HgCl,, AgNO;, NiCl,-6H,0, CoCl,-6H,0, FeCl,, MnCl,-5H,0, CrCl;,
BaCl,-2H,0, and CuCl,-2H,0 in EtOH-PBS (5:5, v/v) as 500umol/L. To determine the spectra properties of
the probes, 1.00 mL of the 100 umol/L solution of the probes, different concentration Cu?" were added to the
10 mL volumetric tubes and diluted to the mark with EtOH-PBS (5:5, v/v) solution. The Absorptions were
recorded at 553 nm, and the fluorescence intensities were recorded at 580 nm for both probes with the
excitation wavelength at 540 nm.
1.3 Cell imaging

The MCF-7 human breast cancer cell were cultured in Dulbecco’s Modified Eagle Medium (DMEM)
supplemented with 10% heat in activated fetal bovine serum (FBS) in the humidified atmosphere with 5% CO,
at 37°C. The cells were cultured for 6 h in treatment conditions until plated on confocal dish. The growth
medium was then removed, and the cells were washed with DMEM without FBS and incubated with 50 pumol/L
of the probes for 1 h at 37 °C, then washed three times with PBS and imaged. Then the cells were supplemented
with 50 umol/L Cu?' in the growth medium for 30 minutes at 37 °C and imaged. Finally, the cells were
supplemented with 50 pmol/L H,S in the growth medium for 30 minutes at 37 °C and imaged. Bright field and
fluorescence images of MCF-7 cells were obtained using an Olympus FV1000 confocal microscope (excited
at 543 nm).
1.4 Living mice imaging

Kunming mice were divided into two groups to image Cu?" and H,S in live mice by subcutaneous
injection. The one group was three mice: the first one was given 50 umol/L probes, the second one was injected
with 50 umol/L probes and then 5 pmol/L CuCl,, the last one was given 50 umol/L probes and then 50 umol/L
CuCl,. The second group was three mice: the first one was given 50 pmol/L probes, the second one was injected
with 50 umol/L probes and then 50 umol/L CuCl,, the last one was given 50 pumol/L probes, 50 pmol/L. CuCl,
and 50 pmol/L H,S. Mice were imaged at 0, 1, 5, 10, 20 minutes after a skin-pop injection by using a
PerkinElmerLumina LT Serios III, with an excitation of 540 nm and an emission of 580 nm. The study was
conducted in accordance with the Experimental Animal Administration regulations issued by the State

Committee of Science and Technology of the People's Republic of China.

S-2



1.5 Computation details

The Density functional theory (DFT) calculations of the ground state of the probe S1-S3 and probes-Cu
were performed with B3LYP functional with Gaussian 09 Program. The optimization of probe S1-S3 state and
probes-Cu state were performed with a basis set consisting of 6-31G* for C, H elements, 6-31 + G** for O, N,
Cl elements and DGDZVP for Cu element. The environmental effect was included via PCM model with
ethanol as the solvent environment.
2. Calculation of the detection limit of probe S1-S3

LOD = 3—6
k
o is the standard deviation of the blank solution and k is the slope of the linear calibration plot between the
fluorescence intensity and the concentration of Cu?*. The calculated LOD of probe S1-S3 are showed in Table
S-1.
Table S1. The calculated LOD of probe S1-S3

Probe S1 S2 S3

LOD FL(nmol/L) 1.95 1.51 6.62

3. Calculation of the detection limit of probe-Cu?*

LOD = 3—6
k
o is the standard deviation of the blank solution and k is the slope of the linear calibration plot between the
fluorescence intensity and the concentration of H,S. The calculated LOD of probe-Cu?* are showed in Table
S2.
Table S2. The calculated LOD of probe-Cu?*

Probe S1 S2 S3

LOD FL(nmol/L) 14.8 10.6 16.1

4. Association constant of Cu?** and probe S1-S3
The association constant was determined by Benesi-Hildebrand method as follows:
Probe S1 is taken as an example. Because of a 1:1 stoichiometry for interaction between probe S1 and Cu?",
the equilibrium is given by following equation:
S1+nCu™ «£—>SlenCu® (1)
The association constant (k) is therefore expressed as:
e [SlonCZt2+] _ [S1enCu*]
[SI[Cu™]"  ([S1],—[Sle nCu’" ])([Cu%]o —n[SlenCu®))

. @)

[S1-nCu?'], [S1], and [Cu?*] represent the equilibrium concentrations of the complex, free S1, and free Cu?*,
respectively. [S1], and [Cu?*] are the initial concentrations of S1 and Cu?, respectively. If [Cu?>"];>> [S1'n

Cu?'], the Eq. 2 can be simplified as follows:
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[SlenCu’*]
k: 2+ 2+ n (3)
([S1], —[STenCu™ D)[Cu™],

Eq. 3 is transformed to:

1 _ 1 LA
[SlenCu®]  K[S1],[Cu**1,"  [S1],

Fluorescence intensity is given as follows:

Ey = k[S1], (5)
F =k,[S1], +k,[S1eCu**] (6)

F_ =k[S1],, +k[SleCu*]  (7)

max
where, Fy is the fluorescence intensity of S1, F is the fluorescence intensity of S1 obtained with Cu?*, F,,,, is
the fluorescence intensity of S1 in the presence of excess amount of Cu?*. By means of Egs. 5, 6 and 7, the

following equation is obtained:

F_—F [SlenCu™] .
FF  [Slenci]
In the presence of excess amount of Cu?*, [S1-nCu?*],..« is almost equal to [S1],. The Eq. 8 can be replaced as
follows:
Fow = _ [S1)
F—-F, [SlenCu®™]

©)

Using Eq. 4 and 9, the Benesi-Hildebrand equation is obtained as:

1 1
= +
F - E) K(Fmax - E))[CM2+ ]g Fmax

1 (10)
— £

where, F is the fluorescence intensity of S1, F is the fluorescence intensity obtained with Cu?’, F,,, is the
fluorescence intensity obtained with excess amount of Cu?*, k is the binding constant, and [Cu?*], is the
concentration of Cu?* added. Therefore, the binding constant is obtained of 6.05x10°, 24.13x10°, 7.70x10° for

S1, S2 and S3, respectively.

5-4



0.8

0.6

Absorbance

2000 -

Fluorescence intensity (a.u.)

1500 -

1000

500

S1

550
‘Wavelength(nm)

600

Blank and other ions

560

580 600 620

‘Wavelength(nm)

640 660

680

Optical properties of probe S1-S3

S2 S3
14 12
= /\ = 0+ /\ cu*
\ Cu
s \ / \ /
@ f » 08 | \
H - g A
E 08F { \ ¥ \
/o Soet |
2 06 \ 2
Fe* 04
04+ Blank and ofher ions
cr'
0z bk 02
| w—
0.0 0.0
450 500 550 600 450 500 550 600
‘Wavelength(nm) ‘Wavelength(nm)
5000
) 3000 |-
- o L]
E] El ‘
g 4000F £ 2500 cx
z ]
S 000 5 2000
2 £
g b1
] S o1s00f
§ 2000 g
g Blank and other fons g 1000} /Blank and other fons
= =
= 1000 =]
500
0 0
560 580 600 620 640 660 68 560 580 600 620 640 660 680
‘Wavelength(nm) ‘Wavelength(nm)

Fig. S1 Absorption and fluorescence spectra of S1-S3 (10 umol/L) in EtOH-PBS (5:5, v/v) solution upon

addition of various metal ions (20 pumol/L), A, = 540 nm.
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Fig. S2 Absorption of linear of probe S1-S3 (10 umol/L) with 0.1-8 umol/L Cu?*, and fluorescence intensity
of linear of probe S1-S3 (10 umol/L) with 0.1-10 umol/L Cu?*, A., = 540 nm.
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Fig. S3 Time-dependent responses of S1-S3 with Cu?* in EtOH-PBS (5:5, v/v) solution, A., = 540 nm.
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Fig. S4 Absorption and fluorescence spectra of probe-Cu?* (10 umol/L) in EtOH-PBS (5:5, v/v) solution upon

addition of various species (20 pmol/L), Aex = 540 nm.
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Fig. S5 Absorption of linear of probe-Cu?* (10 pmol/L) with 0-8 pmol/L H,S, and fluorescence intensity of
linear of probe-Cu?" (10 umol/L) with 0-10 umol/L H,S, A., = 540 nm.
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Fig. S6 Fluorescence changes of S1-S3 at 580 nm upon alternate addition of Cu?* and H,S in the solution (5:5,
v/v, EtOH: PBS, pH 7.4).
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6. Mechanism of S1 responding to Cu?**
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8. Cell survival rate
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Fig. S12 MTT assay of living cells in the presence of different concentrations of S1-S3 for 24 h.

9. Blood-brain barrier permeability experiment
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Fig. S13 High performance liquid chromatography experiment of S1 and brain tissue.
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10. IR, NMR and MS spectra of the probes.

§ = =3
. » \f‘—_-v (»J"u ‘-\v:\/[-\/ \\ rﬂ
8 \ !
| by /
_ ; /
%8 l'\ i’ in }V\ f
g \ / j H |
g ; u
5 % .{ 'r} ﬂ ‘
fs
a
Vo l\ y
Rl | N t
- k -
i %l | '\N U‘«
- L TN
S 25 ~ & 88 3 I8 € =& o -wnT W T
3500 3000 2500 2000 1500 1000 5d0
Wavenumber cm-1

Fig. S14 IR spectrum of S1 in KBr disks.

Mass Spectrum SmartFormula Report

Analysis Info
Analysis Name C\Users'wzh Desktop MASS\2

Acquisition Date 2015/5/26 10:20:31

Method tune_low 50-500.m Operator NWU
Sample Name Instrument / Ser# micrOTOF-Q Il 10280
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500 v Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset -500 V Set Dry Gas 4.0 I/min
Scan End 3000 miz Set Collision Cell RF  110.0 Vpp Set Divert Valve Source
Intens. +MS, 0.1-0.3min #(6-16)
x10%
1.0
0.8
1 5352822
06
ol 495.2760
0.27 702797 | 517.2576 | 557.2643
1 437.1935
0.0 gty T T T T — T T — 1
400 450 500 550 600 650 700 750

Fig. S15 Mass spectrum of S1.

miz




R - = Nl B I R el e - R o B _— 0 3w
Er SRS RICaR L EaBE2E 2 SERE
==X OV oOCS OO olol L N
B S s stv = =R V0 R o e 90000
e W N S
F85000
[ 80000
( F75000
{ ’ 70000
I { }
J I [ J | ) |/5e0ee
60000
F55000
50000
HiC C
3‘“\\15 22/?‘"—‘3
| | 45000
HyC N 2 o 1" N CH,
ZU\”/‘?\I/ \T/wu\ﬂ/ \\"‘r/'ﬁ\z-/za E40000
2\}/“\\_1/“\11//"2 35000
" S
o BN N ~30000
\ 26—27 I’If g
=, \\0 N F25000
B B\ =38
20000
= 15000
10000
1 II 2000
|
! |
) b I "
) N ppy 4 g T s
o + o o o o ) = 5000
g Z5= g 7 8 = &
_— - el — = o $onn —
T T T T T T T T T T T T T T T T T T T T T T
.0 11.5 1.0 10.5 1.0 9.5 90 85 80 7.5 7.0 65 60 55 50 4.5 40 3.5 3.0 2 2. 1.0 .6 0.0 -0, 1.5
£1 (ppm)
Fig. S16 '"H NMR spectrum of S1 in DMSO.
o9 o — v o0~ D W o O\ 0O
asS  —in= Smmas RAan w9 " @ ©
Sl n—®w ooy oo el oo o o AD ]
oD Wit Mmool o - o o v ] ol
_— o —-—— —— - _-== & © B — L 55000
NE N NS ISy |
50000
45000
HaC CH 10000
R B
C N 6. ®) 14 N o
Ha?o\ﬁ/ﬁ\w/ \\\5/10\9/ \13/15\21/74'13 [-35000
N N N
3 7. 1 L 30000
20~
V% 25 N—NH
30/ W\ 78 SN N
A 26—, i N
=y, \\O N J,l 23000
3 BN ==
{20000
15000
I
{10000
| 5000
1 1 I
) Tt |
N Y
L Lo
5000
T T T T T * T - T T o T - T T T o T T i T T b T T = T T
210 200 19 18 170 160 150 M0 130 120 110 100 90 80 70 60 50 30 20 10 -10

1 (ppm)

Fig. S17 3C NMR spectrum of S1 in DMSO.

S-12



. e
B R
= ‘/\/J\j\ l’\’\,\/\f
. {
g
¥
[ =
£
E @
w
=
o
= [=+]
=
™
) TR TIIRY TS
@ B 23 3 TOLINBNCEIBE] gracn
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Fig. S18 IR spectrum of S2 in KBr disks.
Mass Spectrum SmartFormula Report
Analysis Info o - Acquisition Date  2015/12/10 9:25:21
Analysis Name C:\Users'wzh'Desktop'lijianli-804-3.d
Method tune_low 50-500.m Operator NWU
Sample Name Instrument / Ser# micrOTOF-Q Il 10280
Comment
Acquisition Parameter
Source Type ESI lon Polarity Positive Set Nebulizer 0.4 Bar
Focus Not active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 m/z Set End Plate Offset -500 V Set Dry Gas 4.0 Vmin
Scan End 3000 miz Set Collision Cell RF  110.0 Vpp Set Divert Valve Source
Intens. | +MS, 0.0-0.1min #(2-4)
x104]
3
2 535.2857
i 557.2669
14 L
] 479.2438
ol it byt — ‘ N . 629@367 i . ?03?t42‘ o '
400 450 500 550 600 650 700 750 miz

Fig. S19 Mass spectrum of S2.

S-13



IO OIS0 W tn = O 00D N \DW OOy o © 0~ 0~ W oen
WNBANEFOLEOBNA——hmamal @ e CR ]
LR NN A e B o en o —_——
vV S b o ke 130000
125000
! | M/ I
20000
HsC Cli
3"‘3\18 21/2?H3
C 6, 14 N L15
Ham\ﬂ/n\,|/ s 0N \\\13/m\m/23H3 15000
2\3/"\[/5\ 1/12
-
N
29 \\ A o® Ny
\ B2 I Ny, 10000
EESN ‘§J /
32 BN g7
N
%
1
F5000
AJ LL L Lo
! A (R T ¥
=3 ST N0 o N~ 0 g
S o~ o &~ a =
! P S ——_sf = =
T T T T T T T T T T T T T T T T T T T T T T T T T T 1
1.5 11.0 10.5 10.0 9.5 9.0 85 80 75 7.0 65 60 55 50 45 40 3.5 3.0 25 20 L5 1.0 05 00 -0.5 -L0 -1.5 -2.0
f1 (ppm)
Fig. S20 'H NMR spectrum of S2 in DMSO.
o LT O D = ~ o F2100
N TMaMOTMATY—Y wi g 5 z 2
T ZRRESIARIEIA 53 & i “ ci i
f A s o e BT s R B 22 & & < - [-2000
I SN2 NS\ Vool | |
1900
1800
1700
C CH 1600
HSW\:s 2% 2
| | L1500
C N 6 0. 14 N Cl
PG NS o \\T/‘o\g/ %1‘3/10\21/24% L1400
n_ o4 B 212 I 1300
\‘5/ >!/ \11/
/29“25 N—NH L1200
30 N\ E RN
26—27 Vi Nz F1100
Y=, S A
32 fe] N /
33 KE\N._/—% 1000
i 900
800
700
600
500
+400
300
k200
i +100
# sty : s ko
100
+-200
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 10

f1 (ppm)

Fig. S21 3C NMR spectrum of S2 in DMSO.

S-14



- [ ]
/fW\N rv

o \ /Vj\/\f
Fo
[}
g
8 b
E
w
& @
=

@

o=

= 8 @ & 28% 5= B 5 o o
§ § & EEbn ¥R BN E 2
T
3500 3000 2500 2000 1500 1000 500
Wavenumber cm-1
Fig. S22 IR spectrum of S3 in KBr disks.
Mass Spectrum SmartFormula Report

Rnalysis Info Acquisition Date  2018/1/23 15:25:18
Analysis Name  E\jjianli-AG-3.d
Method tune_low 50-500.m Operator service
Sample Name  wzb339 Instrument / Serr micrOTOF-Q |l 10280
Comment

Acquisition Parameter

Source Type ESI lon Polarity Positive Set Nebulizer 0.3 Bar
Focus Active Set Capillary 4500V Set Dry Heater 180 °C
Scan Begin 50 miz Set End Plate Offset 500V Set Dry Gas 4.0 Umin
Scan End 3000 miz Set Collision Cell RF 110.0 Vpp Set Divert Valve Source
Intens +MS. 0.1-0.3min #(4-15)
x10%
0.8
0.6
535.2789
0.4
02
471.2081
0.0ttty A
300 350 400 450 500 550 600 650 700 750 miz

Fig. S23 Mass spectrum of S3.
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Fig. S24 '"H NMR spectrum of S3 in DMSO.
W OO T ooy Y Wy TN
@ SE R Scodamn L3t ~ o 3 18500
wel ;oo O QT e en b= = T ] m bt
BELRRE  ARA8IY zHIg 5 = B
P ANNAT Sl P N | L8000
17500
17000
16500
HsC CH
319\18 22/2] 3
I | +6000
C N 6. (e} 14 N Cl
Hazu\w/ua\,/ N %|3/16\21/2AH3
(- I (50
(L W W
3 /7\ " 5000
29-—__25 N—NH
/ \\ fs 34\E N
30° — E|
N 26—21 //5 a0y, 11500
= AN / /
32 o 30\ L1000
3 N//’ss
k1
3500
13000
2500
2000
1
+1500
| " | |
| 1000
Il 1
I I
500
2 1 Lo
=500
T T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 10

f1 (ppm)

Fig. S25 3C NMR spectrum of S3 in CDCl;.
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