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General information
Preparation of stock solutions of probes, ROS and anions

Stock solutions of Probe-1 and Probe-2 at the concentration of 0.5 mM were prepared by
dissolving certain amount of probes in dimethyl sulfoxide (DMSQ) and then kept in the dark
at 4 °C. For analysis of HOCI in buffer, the stock solution was diluted into 20 mM phosphate-
buffered saline (PBS) of pH 7.4 (DMSO: H,O = 3:7) for all spectrometric measurements.
Solutions of a series of anions and cations (20 mM) were freshly prepared by dissolving
corresponding chemicals in deionized water. A stock solution of HOCI was prepared by
dilution of the commercial sodium hypochlorite solution and stored according to the previous
literatures.!™! The concentration of HOCI was determined by using its molar extinction
coefficient of 391 M cm™ at 292 nm before use.™ Hydroxyl radical (-OH) was generated in
the Fenton system from ferrous ammonium sulfate and hydrogen peroxide./”) Superoxide
anion radical (O,) was generated from the xanthine-xanthine oxidase system.’! Singlet
oxygen (*O.,) was generated from the Na,MoO,-H,0, system in 0.05 M carbonate buffer of
pH 10.5.) ONOO™ was donated by 3-morpholinosydnonimine (SIN-1).! Nitric oxide was
generated by  1-hydroxy-2-oxo-3-(3-aminopropyl)-3-methyl-1-triazene  (NOC-13).°!
Hydrogen peroxide (H20,) was diluted immediately from a stabilized 30% solution, and was

assayed using its molar absorption coefficient of 43.6 M~ cm * at 240 nm.[”
Quantum yield measurement

Fluorescence quantum yield was determined using optically matching solutions of fluorescein
(®r = 0.85in 0.1 N NaOH aqueous solutions) as standard at an excitation wavelength of 470

nm and the quantum yield is calculated using the following equation (1).!

2

— (Fun /Aun ) nun

(Dunk - (Dstd k/ « .
(Faa/Asa) \ Nya

2



WILEY-VCH

Where @k and @« are the radiative quantum yields of the sample and standard, Fynk and Fg
are the integrated emission intensities of the corrected spectra for the sample and standard,
Aunk and Aggq are the absorbance of the sample and standard at the excitation wavelength, and
Nunk and Msq are the indices of refraction of the sample and standard solutions, respectively.
Excitation and emission slit widths were modified to adjust the luminescent intensity in a

suitable range. All the spectroscopic measurements were performed in triplicate and averaged.
Evaluation of partition coefficient

1-Octanol/water partition coefficients (Pou) for Probe-2 was obtained using the ‘shake-flask’
method. Briefly, Probe-2 was dissolved in water (1 mM), and was diluted with 2 mL 1-
octanol-saturated PBS (pH 7.4). Then, 2 mL of water-saturated 1-octanol solution was added
into the solution with continuous stirring. The mixture was stirred at R. T. for another 2 h
before examining the concentrations of the complexes in water phase before and after
partitioning by absorbance measurements. The P, of Probe-2 was calculated according to the

following formula: Powy = (Chefore — Catter) / Catter. The experiment was repeated three times.
Cell line and cell culture

Human adenocarcinoma cell, HeLa (ATCC® CCL-2™) and mouse macrophage, J774A.1
(ATCC® TIB-67™) were obtained from American Type Cell Collection. HeLa cells were
cultured in DMEM, supplemented with 10% FBS, 1% penicillin, 1% streptomycin sulphate in
a humidified 5% CO,/95% air incubator at 37 °C.J774A.1cells were maintained in RPMI
1640 medium, supported with 10% FBS, 100 U/mL penicillin, and 1% L-glutamine in a
humidified 5% CO,/95% air incubator at 37 °C. The growth medium was changed every two
days. The HelLa cells were routinely subcultured trypsin-EDTA solution and growth to 80%
confluence prior to experiments. For J774A.1 macrophage cells, cells were dislodged from

flask substrate using a cell scraper, and then aspirated and dispense for subculture.

3
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For cell experiments, stock solution of Probe-2 was prepared at the concentration of 4 mM in
DMSO, and then diluted to the corresponding concentration used in the toxicity, flow

cytometry, and imaging experiments with the DMSO concentration at 0.5%.
Cytotoxicity assay

MTT assay of cytotoxicity of Probe-2 in HeLa cells: In this work, the cytotoxicity of Probe-2
in live HelLa cells was investigated by MTT assay. HelLa cells were seeded at a density of 5 x
10 cells/mL in a 96-well micro-assay culture plate and growth for 24 h at 37 °C in a 5%
CO,/95% air incubator. The cell DMEM culture media of each well was then replaced with
the fresh medium containing increasing concentration of Probe-2, i.e., 0, 2, 5, 8, 10, and 20
uM. The wells with cell culture media only were employed as the blank. After incubation at
37 °C in a 5% CO,/95% air incubator for 24 h, cell culture medium was removed and cells
were washed three times with PBS. Then, 100 pL of 0.5 mg/mL MTT solution in PBS was
added to each well, and the cells were incubated for another 4 h. The excess MTT solution
was then carefully removed from each well, and the formed formazan was dissolved in 100
uL of DMSO (dimethyl sulfoxide). The optical density of each well was measured at a
wavelength of 570 nm using a microplate reader (Bio-Tek, USA). The results from the five
individual experiments were averaged. The following formula was used to calculate the
viability of cell growth: Viability(%) = (mean of absorbance value of treatment group —
blank)/(mean absorbance value of control — blank) x 100. All of the measurements were

performed five times and the values are presented as the mean + SD.

PrestoBlue™ Cell Viability assay of probe-2 in J774A.1 macrophage: The macrophage cells
were typically seeded in a 96-well micro-assay culture plate at the density of 5000 cells/well.
After 24 h incubation at 37 °C in a 5% C0O,/95% air incubator, the culture medium for each
well was replaced with fresh medium containing Probe-2 at the concentration of 0, 2, 5, 8, 10,

and 20 uM, and incubated for another 24 h. Then the culture medium was replaced again with
4
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100 pL RPMI/PrestoBlue™ (9/1, v/v), and incubated for another 10 min. Under excitation at
565 nm, the fluorescence intensity at 600 nm for each well was measured by microplate
reader (Tecan X200). The fluorescence values of the no-cell control wells were measured as
the blank, and the fluorescence intensity of the concentration of 0 uM were defined as the
100% viability. All of the measurements were performed five times and the values are

presented as the mean + SD.
Confocal fluorescence imaging of HOCI in HeLa cells

For visualizing exogenous HOCI in live HelLa cells, the cells were seeded at a density of 5 x
10 cells/mL in a 22 mm coverglass bottom culture dishes (ProSciTech, Australia). The cells
were incubated at 37 °C in a 5% CO,/95% air incubator for 24 h, before replacement of the
culture medium with fresh DMEM containing 4 uM Probe-2. After 0.5 h incubation, the cells
were washed with PBS (3x2 mL/dish), and then treated with 10 uM HOCI for another 15 min.
The cells were washed with PBS for three times to remove excess HOCI and then subjected to

confocal microscope fluorescence imaging.
Flow cytometry analysis of HOCI in HeLa cells

Flow cytometry analysis was employed for evaluating the “OFF-ON” fluorescence response
of Probe-2 towards HOCI. In a six-chamber culture well, the HelLa cells were seeded into
each well at the density of 1x10° cells/mL. After 24 h, the ells were washed with PBS for
three times, and then incubated with 4 uM Probe-2 for 0.5 h. Then, the cells were further
incubated with 10 uM HOCI for another 15 min. The cells were washed with PBS (3x2
mL/dish), detached from the well using trypsin-EDTA and then subjected to flow cytometry

analysis.

Statistical analysis
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The statistical significance of differences between the experimental group and control group
was determined using one-way ANOVA. A p-value of less than 0.05 was considered to be

significant (* means significantly different compared with the control group).
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Scheme S1. Synthesis procedures of Probe-1 and Probe-2.
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Figure S1. *H NMR spectrum of Probe-1 (600 MHz, DMSO-d).
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Figure S2. °C NMR spectrum of Probe-1 (150 MHz, DMSO-ds).
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Figure S3. The *H-'H 2D-COSY spectrum (400MHz NMR at 298 K) of Probe-1.
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Figure S4. The 'H-*C 2D-HMBC spectrum (400MHz NMR at 298 K) of Probe-1.
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Figure S5. HR MS of Probe-1.
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Figure S8. ~°C NMR spectrum of Probe-2 (150 MHz, DMSO-ds).
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Figure S9. The *H-'H 2D-COSY spectrum (400MHz NMR at 298 K) of Probe-2.
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Figure S10. The *H-"*C 2D-HMBC spectrum (400MHz NMR at 298 K) of Probe-2.
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Figure S11. HR MS of Probe-2.
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Figure S12. FTIR of Probe-2.
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Figure S13. HR MS of Probe-1 in the presence of HOCI.
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Figure S14. HR MS of Probe-2 in the presence of HOCI.
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Figure S15. The colour changes of Probe-2 (10 uM) upon addition of various ROS and
anions species (100 uM) in PBS buffer (DMSO:H,0=3:7, v/v; pH 7.4): (1) Probe-2 only, (2)
HOCI, (3) CI', (4) Br, (5) I', (6) SO4*, (7) HCOs, (8) PO,*, (9) Pi (10) NOs, (11) NO;,

(12) *0,, (13) H205, (14) -OH, (15) ONOO'.
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Figure S16. The linear calibration curves between the fluorescent intensity of Probe-1 (2 uM),
Probe-2 (2 uM) and the concentrations of HOCI in PBS buffer (DMSO:H,0=3:7, v/v; pH 7.4).

Excitation at 370 nm and 490 nm for Probe-1 and Probe-2, respectively.
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Figure S17. Fluorescence color responses of Probe-2 towards various ROS and anions
species in PBS buffer (DMSO:H,0=3:7, v/v; pH 7.4). (1) Probe-2 only, (2) HOCI, (3) CI, (4)

Br, (5) I, (6) SO4*, (7) HCO3, (8) PO.*, (9) Pi (10) NOs, (11) NO5, (12) 10y, (13) H,0,,

(14) -OH, (15) ONOO",
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Figure S18. Fluorescence response of Probe-1 (10 uM) and Probe-2 (10 uM) towards various
biological cations (150 uM) in PBS buffer (DMSO:H,0=3:7, v/v; pH 7.4). The cations
include 1. Li*, 2. Na*, 3. K*, 4. Ca*", 5. Mg**, 6. Ba*", 7. AI**, 8. Fe**, 9. Cr**, 10. zn*", 11.
Co?*, 12. Mn**, 13. Cu?*, 14. Cys, 15. Hcy, 16. GSH, 17. HOCI. The excitation and emission

wavelength are 370/427 nm, 490/575 nm for Probe-1 and Probe-2, respectively.
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Figure S19. Changes of ffluorescence intensities of (A) Mz (10 uM), (B) M (10 uM) in PBS
buffer (DMSO: H,0 = 3:7, v/v; pH 7.4) in the presence of various amino acids (100 uM): 1.
Cys, 2. Met, 3.Ala, 4. Asp, 5. Asn, 6. Arg, 7. GIn, 8. Glu, 9. Gly, 10. His, 11. lle, 12. Lys, 13.
Leu, 14. Phe, 15. Pro, 16. Ser, 17. Thr, 18. Tyr, 19. Typ, 20. Val. Excitations at 370 for M;

and at 490 nm for M,.
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Figure S20. Reaction kinetic curves of (A) Probe-1 (10 uM) and (C) Probe-2 (10 uM) with

different concentrations of HOC; the plot of initial rates (Vo) of the (A) Probe-1 (10 uM) and

(C) Probe-2 (10 uM) reaction with HOCI versus their concentrations.
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Figure S21. Effects of pH on the fluorescence intensity of Probe-1 (10 uM) and Probe-2 (10

M) in the absence (black) and presence (red) of HOCI in PBS buffer (DMSO:H,0=3:7, v/v).

The excitation and emission wavelength (Aex/Aem) are 370/427 nm, 490/575 nm for Probe-1

and Probe-2, respectively.
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Figure S22. Changes of fluorescence intensity of Probe-2 in pH 4, 4.5, 5 over the time. For

comparison, HOCI was added into the solution of pH 4, 4.5, 5, and the fluorescence intensities were

tested immediately after the addition.
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Figure S23. Cell viability values (%) of HelLa cells and J774A.1 macrophage cells treated

with different concentration of Probe-2 or M, for 24 h.

The cytotoxicity of M, towards HelLa cells and J774A.1 macrophage cells were then
evaluated by MTT assay and PrestoBlue ™ viability assay. HeLa cells were treated with M, at
the concentration of 0, 2, 5, 8, 10, 20 uM for 24 h, followed by the incubation with MTT for
another 4 h. As shown in Figure S19, no obvious cytotoxicity of M, to HeLa cells was
obtained as the cell viability was more than 90% even after treated the HeLa cells with 20 uM
M, for 24 h. For the cytotoxicity of J774A.1 macrophage cells, the cells were firstly treated
with M, at the concentration of 0, 2, 5, 8, 10, 20 uM for 24 h, followed by the incubation with
PrestoBlue™ for another 10 min. The results showed that the cell viability kept greater than
89% for the cells treated with 10 uM M, for 24 h. When the concentration of the M,
increased to 20 uM, the cell viability was found to be more than 75% after 24 h co-incubation.
These results indicated that the product of the reaction between Probe-2 and HOCI, M, is also
low cytotoxicity.

18



WILEY-VCH

Bright-field Fluorescence Merge

Probe-2

Probe-2 + HOCI

Figure S24. Bright-field, fluorescence, and merged images of HOCI in live HeLa cells. (A-C)
the cells were incubated with 4 uM Probe-2 for 30 min; (D-F) the Probe-2 stained HeLa cells

were then treated with 10 uM HOCI. Scale bar is 20 uM.
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Figure S25. The shifts of histograms of flow cytometry analysis. HeLa cells were incubated

with 4 uM Probe-2 for 30 min, and then treated with 10 uM HOCI for 15 min.
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Figure S26. Mean fluorescence intensity per HelLa cell of different incubation conditions

were examined by flow cytometry analysis.
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Figure S27. Intracellular co-localization analysis of Probe-2 with LysoSensor™ Green in live

J774A.1 macrophage cells. (A) Bright-field image of J774A.1 macrophage cells; (B) J774A.1
macrophage cell nucleus was stained with Hochest 33342; (C) the lysosome of J774A.1 cells
was stained by LysoSensor™ Green; (D) cells were stimulated with LPS (1.0 ug/mL) for 4 h,
and then incubated with Probe-2 for another 30 min; (E) merged image of B, C, and D; (F)
merged image of A and E; (G) intensity correlation plot of cells co-localized with Probe-2 and
LysoSensor™ Green; (H) fluorescence intensity profiles of the linear region of interest across

macrophage cells in E; (1) magnified view of the region of interest in F. Scale bars are 20 uM.
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Figure S28. Fluorescence imaging of exogenous HOCI in live mice. (a) 125 uL Probe-2 (100
HMM) was subcutaneously injected into mice, followed by the injection of 10.0 uL HOCI (20
mM) to the area of interest (arrow in “a”). Images were recorded at different times, (b) 0 min;
(c) 5 min; (d) 10 min; (e) 15 min; (f) 20 min; (g) 25 min; and (h) 30 min, respectively. The

mean fluorescence intensities of areas of interest at different time showing in (a-h).
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Control group

Figure S29. Images of arthritic hindlimbs of mice.

Table S1. Some recently reported fluorescent probes for HOCI detection.

Probes Detection Linearity Colour EX/Em Response Intracellular
limit range changes (nm) time analysis

RHHP 1.40 nM 1-6 nM Colourless-pink ~ 520/580 <30s Exogenous
HOCI in HeLa
cells

R19-S - - - 515/585 - Endogenous
HOCl in
neutrophils

MMSIR - 0-5 uM Colourless-blue ~ 620/670 A few Endogenous
seconds HOCl in
neutrophils

RSTPP 9.00 nM 2-35uM  Colourless-pink  553/580 2 min Endogenous
HOCl in
mitochondria of
macrophage
(subcellular
level)

Rh-TPP 0.11pM  0-10pM  Colourless-pink  540/575 - Exogenous
HOCl in
mitochondria of
HelLa cells
(subcellular
level)

BiTCIO 0.21 uM 0-20 uM  Colourless-pink  560/575 10s Exogenous
HOCl in
mitochondria of
HelLa cells
(subcellular
level)

Flu-1 - - Colourless- 454/530 - Exogenous

yellow HOCI in HeLa
cells

FBS 0.20uM 0-1uM - 498/523 - -

1 0.5- - 480/542 1 min Exogenous
100uM HOCI in HeLa

cells and
endogenous
HOCl in
macrophage
(single cell level
by flow
cytometry
analysis)

MPhSeO- - 0-40pM - 460/510 5 min Endogenous

BOD HOCl in
macrophage

2 4.5nM 0-12pM - 492/507 A few Endogenous

23

In vivo/ex vivo
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