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Experimental Procedures

Detection limit

The detection limit was obtained with the phosphorescence titration. The standard
deviation of the blank measurement was determined based on six times of the
phosphorescence intensities of Ir or Ir-Cu ensemble. The detection limit was
calculated by the 30/k equation, where ¢ represented the standard deviation of blank
measurement, k& denoted the slope between the phosphorescence intensity versus the
concentrations of analytes.!
'"H NMR experiment

Three NMR tubes of Ir (5 mg, 5 umol) were prepared by dissolving in DMSO-d6
(400 pL), and then 0, 0.5, and 1 equiv. of Cu?* dissolved in D,O (100 pL) were added
to Ir, respectively. Sequentially, 1 equiv. of Cu?" dissolved in D,O (100 pL) was
added to one NMR tube of Ir (5 mg, 5 pmol) dissolved in DMSO-d6 (300 pL), and
then 2 equiv. of Cys dissolved in D,O (100 pnL) was added to the mixture. '"H NMR

spectra were obtained at room temperature after shaking them for minutes.

Cell imaging experiments

In the cellular co-localization experiment, adherent HeLa cells in confocal dishes at
a density of 1 x 10* cells/mL were exposed to Ir (5 uM) at 37 °C for 1 h. After that,
the cells were washed with PBS and further stained by 50 nM Mito-Tracker Red for
30 min. The cells were washed three times with PBS and the phosphorescence signals
were acquired on a Zeiss LSM 710 NLO confocal microscope (63%/NA 1.4 oil

immersion objective).



For reversible imaging of Cu®* ions and Cys, culture dishes with ca. 1 x 10* HeLa
cells were incubated with Ir (5 uM) for 1 h, and the cells were washed with PBS for
three times. The Ir-loaded cells were sequentially incubated with Cu®* (5 uM, 0.5 h)
and Cys (10 uM, 0.5 h), respectively. Upon completion, the cells were washed with
PBS solution for three times to remove remaining compounds and ions, prior to the
observation by confocal microscopy.

For the detection of endogenous Cys, culture dishes with ca. 1 x 10* HeLa cells
were incubated with Ir-Cu ensemble (5 puM, 1 h) at 37 °C. The cells were washed
three times with PBS before subjected to a confocal microscopy. To detect exogenous
reactive thiols, four culture dishes with ca. 1 x 10* HeLa cells were pretreated with
NEM (0.5 mM, 0.5 h), and incubated with Ir-Cu ensemble (5 uM, 1 h) and further
treated without or with Cys, Hcy or GSH (0.1 mM, 0.5 h), respectively. After three
rinses in PBS, the cells imaging was obtained on a confocal laser scanning
microscope.

Cytotoxicity assay

The cytotoxic effect of Ir was studied by the MTT assay with HeLa cell lines.?
First, 96-well plates were seeded with HeLa cells (approximately 1 x 10* cells per
well) and cultured for 24 h. Then various concentrations of the tested complex was
added to the cells and incubated for 12 h. Upon completion, HeLa cells were washed
with PBS, and changed into 20 pL, 5 mg-mL-! MTT stock dye solution and further
incubated for 4 h. The medium containing MTT was removed carefully and 150 pL of

dimethyl sulfoxide was added to each well. The plate was analyzed on a microplate



spectrophotometer at a wavelength of 540 nm to measure the optical density (OD).
Three independent experiments were performed and expressed as mean + standard
deviation.
ICP-MS analysis

Three culture dishes with ca. 1 x 10° HeLa cells were incubated with 5 uM Ir for 6
h at 37 °C. After digestion, HeLa cells were accurately counted, divided into equal
portions. The nucleus, cytoplasm and mitochondria were isolated using nucleus
extraction kit, cytoplasm extraction kit and mitochondria extraction kit respectively
(Pierce, Thermo). The acquired samples were digested by 60% nitric acid at room
temperature overnight, and then diluted with dd water to 10 mL with 3% of nitric
solutions.? The iridium(III) concentration in the three portions was determined by
inductively coupled plasma mass spectrometry (ICP-MS Thermo Elemental Co., Ltd.).
Data were reported as the mean =+ standard deviation (n = 3).
Flow cytometry analysis

HeLa cells were seeded at a density of 1 x 10° cells per mL in 6-well plates for 24 h
in an incubator. To analyze the reversible phosphorescence response of Ir towards
Cu?" ions and Cys, cells were treated with Ir (5 uM) for 1 h. After that, Cu®* ions (5
uM) was supplemented for 30 min, following by adding Cys (10 uM) for another 30
min. To assess the phosphorescence response on different concentrations of Cu?" and
Cys by Ir, 6-well plates with ca. 1 x 10° HeLa cells were treated with Ir (5 uM, 1 h),
then incubated with Cu?* ions at various concentrations for 0.5 h, finally incubated

various concentrations of Cys solutions for 0.5 h.



For the analysis of endogenous Cys, HeLa cells were incubated with Ir-Cu
ensemble (5 uM, 1 h) at 37 °C, and then the media was replaced with PBS buffer.
Cells were also pre-treated with NEM (0, 50, 100, and 500 uM) for 0.5 h, and then
with Ir-Cu ensemble (5 uM) for another 1 h. For the analysis of exogenous Clys,
HeLa cells treated with NEM for 0.5 h were incubated with Ir-Cu ensemble (5 uM, 1
h), and then further incubated with 0.1 mM Cys, GSH or Hcy for another 0.5 h,
respectively. 0.05% trypsin-EDTA solution detached all the cells from the well. These
cell samples were washed three times with PBS and analyzed on a FACS Canto II
instrument (BD Biosciences, USA). At least 10000 cells were counted at each
experiment. Cells treated with culture medium for 24 h were regarded as the controls

for all experiments.

Imaging of zebrafish

Healthy male and female zebrafish were incubated in different tanks with a 12 h
light/12 h dark cycle at 28 °C, and then the spawning of eggs was obtained by giving
light stimulation in the morning. Almost all the eggs were fertilized immediately and
cultured in E3 embryo media (15 mM NaCl, 0.5 mM KCI, I mM MgSO,, 1 mM
CaCl,, 0.15 mM KH,PO,, 0.05 mM Na,HPO,, 0.7 mM NaHCO;, 10 % methylene
blue; pH 7.5) at 28 °C.

Zebrafish (5 days old) were incubated with or without NEM (0.5 mM) for 0.5 h,
and further incubated with Ir-Cu ensemble (5 uM) for another 30 min. Ir-Cu
ensemble incubated zebrafish were further treated with Cys, GSH, Hcy (0.1 mM) at

28 °C for 30 min, respectively. The zebrafish was washed with E3 media for three

5



times before subjected to a fluorescence inversion microscopy (Olympus U-

HGLGPS).Untreated zebrafish were used as black controls.
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Figure S1. ESI-MS spectrum of Ir.
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Figure S2. 'TH NMR spectrum (400 MHz) of Ir in DMSO-d6.
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Figure S3. 13C NMR spectrum (101 MHz) of Ir in DMSO-d6.
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Figure S4. The phosphorescence intensity of Ir (5 uM) upon the addition of Cu?* (5
uM) in the presence of background metal ions (20 uM) in HEPES buffer solution (pH

7.4); hex =376 nm, Ac, = 486 nm.
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Figure S5 Effect of incubation time on phosphorescence intensity at 486 nm of Ir (5
uM) following the addition of different concentrations of Cu?" (0.5 - 2.5 uM) in

HEPES buffer (10 mM, pH 7.4), Aex= 376 nm.
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Figure S6. Phosphorescence response of the Ir-Cu ensemble ([Ir] = 5 uM, [Cu?'] =5
uM) at 486 nm toward Cys (10 uM) in the presence of different interferes (30 uM);

Mex = 376 nm.
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Figure S7 Effect of incubation time on phosphorescence intensity at 486 nm of the Ir-
Cu ensemble (5 uM) in HEPES buffer (10 mM, pH 7.4) in the presence of Cys with

different concentrations from 0.1 eq to 2 eq. Aex = 376 nm.
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Figure S8 pH-dependent phosphorescence intensities of Ir (5 uM), Ir-Cu ensemble (5
pM) in the absence and presence of Cys (10 uM) in HEPES buffer (10 mM, pH 7.4).
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Figure S9 Real-time phosphorescence responses of Ir (5 pM) upon addition of Cu?*

(5 uM) followed by Cys (10 uM).
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Figure S10 Phosphorescence intensity of Ir (5 uM) at 486 nm upon the alternative

addition of Cu?* (5 uM) and Cys (10 uM) in HEPES buffer (10 mM, pH 7.4).
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Figure S11 The ESI-MS spectra of Ir and the Ir-Cu ensemble without or with Cys.
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Figure S12 Phosphorescence decay curve for Ir after the addition of Cu?" and Cys.

The measurement is made at A, = 486 nm.
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Figure S13 UV-vis absorption spectra of Ir (5 uM), Ir (5 uM) + Cu?* (5 uM) system

and Ir (5 uM) + Cu?" (5 uM) +Cys (10 uM) system.
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Figure S14 In vitro cell viability of HeLa cells incubated with Ir (0-60 uM) at 37 °C

for 24 h.
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Figure S15 Distribution analysis of Ir in HeLa cells by ICP-MS.
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Figure S16 The anti-bleaching properties of Ir. HeLa cells were treated with Ir (5
uM), followed by MTR (50 nM). (a) Confocal images of cells stained with Ir and
MTR with an increasing bleaching time (180 s). (b) Intensity loss (%) of the

phosphorescence of Ir and MTR with an increasing bleaching time.
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Figure S17 Flow cytometry analysis of HeLa cells after incubation with Ir (5 uM) for



1 h in the absence and the presence of 0.2 eq, 0.4 eq, 0.6 eq, and 1 eq Cu?*. Control

group, HeLa cells only.
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Figure S18 Representative flow cytometry histograms of HeLa cells loaded with I,
Ir-Cu ensemble and Ir-Cu ensemble in the presence of 0.5 eq, 1 eq, 1.5 eq, and 2 eq

Cys. Control group, HeLa cells only.
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Figure S19. Flow cytometry analysis of HeLa cells after incubation with the Ir-Cu
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ensemble (5 uM) for 1 h or HeLa cells preincubated with NEM (0.5 mM) for 30 min,
and then treated with Cys (0.1 mM), Hcy (0.1 mM) or GSH (0.1 mM) for 30 min,

respectively, followed by the Ir-Cu ensemble (5 uM) for 1 h.
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Figure S20. Flow cytometry analysis of HeLa cells after incubation with the Ir-Cu

ensemble (5 uM) for 1 h without and with NEM (0.1 mM, 0.25 mM, and 0.5 mM).

Table S1 Comparison table of Ir—Cu ensemble with some reported fluorescent sensor

for Cys.
Probes Water Analyte Detection Applications Ref
fraction limit (uM)
FSD-103—Cu?* 90% Cys 0.2 4
NRQDs—Cu?* 100% Cys 0.03 Live cell 5
imaging
Cu—-1 99% Cys 0.084 Live cell 6
imaging
PTCO2—Cu(Il) 100% Cys 0.33 Live cell 7
imaging
PQD—Cu?* 100% Cys 28.11 Logic Gate 8

Operation



PEIN—Cu?* 100% Cys, GSH 2.7,7.4 molecular 9

logic gate

L—-Cu?* 30% Cys, Hcy, 0.96, 0.68, Real sample 10
GSH 0.44 analysis

Ru—-DPA—Cu 100% Cys, His 0.24,1.38  Live cell and 11
zebrafish
imaging

Si—-CDs@ Cu?* 100% Cys 0.41 Live cell 12
imaging

Ir—Cu 99% Cys 0.054 Live celland  This work

zebrafish
imaging
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