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1. Computational study

To verify the effect of conversion from electron-donating hydroxyl to electron-withdrawing carbonyl,
natural bond orbital (NBO)'™* analyses were performed at the B3LYP/6-31G(d, p) level to assign the
atomic charges (Q) based on the optimized structures in Gaussian 03>° (Figure Sla). The calculated
charges are listed in Figure S1b. According to the results, the charges on caffeic acid moiety of TCAO are
decreased compared with TCA, from 0.133 to 0.112 (left caffeic acid) and 0.131 to 0.105 (right caffeic
acid) respectively, indicating electrons transfer from tripolycyanamide to caffeic acid moiety by changing

hydroxyl to carbonyl, which agree with our original intention.
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Figure S1 (a) The HOMO and LUMO orbitals of TCA and TCAO. (b) The calculated atomic charges of TCA and TCAO.

2. Materials and reagents

All chemicals were available commercially and the solvents were purified by conventional methods
before use. Tripolycyanamide was purchased from Tianjin Kemiou Chemical Reagent Company and
caffeic acid was from Adamas Reagent. Rotenone and malonic acid (MA) were purchased from Aladdin
Industrial, Superoxide dismutases (SOD), Xanthine Oxidase, Xanthine and buthionine sulphoximine
(BSO) from Sigma-Aldrich, Purinol from Guangdong PIDI Pharmaceutical Company,

2,3-Dimercaptopropanol (BAL) from TCI and Arcoxia from Merck & Co. Reactive oxygen species were
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as follows. H,O,, tert-butylhydroperoxide (TBHP), and hypochlorite (NaOCl) were delivered from 30%,
70%, and 10% aqueous solutions respectively. Hydroxyl radical (*OH) was generated by reaction of 1
mM Fe*" with 200 pM H,0,. Nitric oxide (NO) was used from stock solution prepared by sodium
nitroprusside. Singlet oxygen ('0,) was prepared by the CIO/H,0O; system. Peroxynitrite was used from
stock solution 10 mM in 0.3 M NaOH. Superoxide (02‘7) was delivered from KO, in DMSO solution or
from Xanthine Oxidase.

"HNMR spectra were determined by 300 MHz and 600 MHz using Bruker NMR spectrometers. The
mass spectra were obtained by Bruker maXis ultra-high resolution-TOF MS system. The melting points
were measured by a SGW X-4 Melting Point Tester. The one-photon excited fluorescence spectra
measurements were performed using FLS-920 Edinburgh fluorescence spectrometer. Two-photon excited
fluorescence spectra were measured using a Tsunami 3941-M3-BB: Ti: sapphire femtosecond laser as
exciting light source (800 nm) with a pulse width of <150 fs and a repetition rate of 80 MHz, and
USB2000 (bought from Ocean Optics Inc.) was used as the recorder. Cell Extracts were prepared by
BILONO92-IIL ultrasonic disintegrator (Shanghai Bilon Materials Inc.).

3. Synthesis of probe TCA
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First, triethylamine (1.0 mL), 1-hydroxybenzotriazole (0.636 g, 3.0 mmol) and EDC (0.576 g, 3.0
mmol) were added to a solution with tripolycyanamide (0.126 g, 1.0 mmol) and caffeic acid (0.525 g, 3.0
mmol) in dinethylformamide (1.2 mL) and dichloromethane (8.0 mL). After the mixture was stirred over
night at room temperature under nitrogen, it was concentrated in vacuum. The residue was purified by
preparative thinlayer chromatography of silica gel GF,s4 with ethyl acetate/ hexamethylene (5:1) as eluent
and light yellow product was obtained. mp: 240 °C; 'H NMR (300 MHz, DMSO): 6 7.973 (m, 6H), 6
7.898 (d, 2H), & 7.810 (d, 2H), & 8.500 (s, 8H); °C HNMR (600 MHz, DMSO): § 167.5, 143.2, 143.0,

129.5, 128.0, 125.9, 120.2, 118.1, 110.2, 109.3, 106.9; MS data, m/z: 451.4496 (M+H); IR: 1719 cm".

84



The compound TCAO can be obtained by O, oxidation reaction. After adding excessive superoxide
anion, dark yellow product was obtained. "H NMR (600 MHz, DMSO): § 7.742 (m, 6H), & 8.103 (d, 2H),
§ 8.174 (d, 2H); *C HNMR (600 MHz, DMSO): § 167.5, 162.3, 143.2, 143.1, 128.0, 125.7, 120.2, 110.2,
109.7; MS data, m/z: 447.3628 (M+H); IR: 1640 cm’™.

4. 02'_ titration experiment

The changes of TCA one-photon fluorescence spectra with O, of various concentrations were
monitored. Good linear correlation was obtained. It indicated that TCA was able to qualitatively and
quantitatively determine levels from KO, (Figure S2a). Besides, TCA also can monitor 0, from
Xanthine Oxidase (Figure S2b). Obviously, 0, generated from KO, or enzymatic systems can trigger

fluorescent enhancement of TCA consistently.
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Figure S2 (a) One-photon fluorescence spectra of 10 uM TCA after adding various concentrations of 0, (0-20 uM). Inset: A
linear correlation between the fluorescence intensity and 0, concentrations. (b) One-photon fluorescence spectra of 10 uM
TCA after adding 20 uM 02.7 which was generated by Xanthine Oxidase. All of the spectra were acquired in 0.03 M Tris
buffer (pH 7.4) at e, =491 nm.

5. The reversibility of TCA
The proposed reaction mechanism of TCA with O, was shown in Figure S3. We consider that the

molar ratio between TCA and O, should be 1:2 from the study of the proposed reaction mechanism.
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NH, NH,

Figure S3 the proposed reaction mechanism

The reversibility of the probe was tested (Figure S4). This reversible cycle can be repeated for three

times more under the same conditions. The reversibility implied the advantage of TCA for dynamic

determine O, 1in cells and in vivo.
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Figure S4 The reversibility of TCA. TCA was added with 20 uM O, , after 5 min, the solution was treated with 2.0 mM GSH.
When the fluorescence returned to the baseline level, another 20 pM 0, was added to the mixture after 5 min. The cycles

were repeated three times. All of the one-photon spectra were acquired in 0.03 M Tris buffer (pH 7.4) at 1, =491 nm.

The fluorescence responses of TCAO to different concentrations of GSH were showed in Figure S5.
The fluorescence of TCAO decreases gradually with the increase of GSH concentrations, until [GSH]
reaches 2.0 mM. So 2.0 mM GSH was used to convert TCAO into TCA in the reversible cycle

experiment. Moreover, the results showed TCAO instantaneously reacts with GSH, just as the

instantaneous reaction between TCA and O,".
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Figure S5 Fluorescence responses after adding various concentrations of GSH (0-2.3 mM) to reaction system (20 pM 0, and
10 uM TCA). The one-photon fluorescent intensity was acquired in 0.03 M Tris buffer (pH 7.4), with excitation wavelength at
491 nm. Insert: TCA was insensitivity to GSH. The fluorescence of TCA was invariant upon the addition of GSH (3.0 mM).

6. The selectivity of TCA

The selectivity of TCA was studied. Figure S6 showed TCA was unperturbed upon the addition of
various concentrations of reactive species. And Figure S7 revealed negligible fluorescence responses of
TCA toward various concentrations of metal ions including Fe3+, Fe2+, Cu2+, Cu’ and Zn2+, even when

Fe*' coexists with H,0, in order to generate *OH.
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Figure S6 Fluorescence responses of 10 uM TCA to various reactive oxygen and nitrogen species. Bars represent the
fluorescence after the addition of different concentration of each reactive species. Data were acquired in 0.03 M Tris, pH 7.4,

with A = 491 nm.
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Figure S7 Fluorescence responses of 10 uM TCA to various metal ions. Bars represent the fluorescence after the addition of

different concentration of metal ions. Data were acquired in 0.03 M Tris, pH 7.4, with A, =491 nm.
7. The instantaneous response and pH insensitivity

As showed in Figure S8 and S9, TCA displayed rapid response, good photostability, and pH

insensitivity.
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Figure S8 One-photon fluorescence response with time. Black line: 10 puM TCA. Red line: reaction system with 10 uM TCA

and 20 uM 02.7. Blue line: adding 2 mM GSH to the reaction system. Data were acquired in 0.03 M Tris, pH 7.4, with A, =

491 nm.
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Figure S9 The one-photon fluorescent intensity of TCA (o) and reaction system with 20 pM 0247 (A) changed slightly in
physiological pH range with excitation wavelength at 491 nm.

8. Cytotoxicity assay
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HL-7702 cells (10° cell mL™") were dispersed within replicate 96-well microtiter plates to a total
volume of 200 pL well . Plates were maintained at 37 °C in a 5% C0,/95% air incubator for 12 h. The
cells were incubated for an additional 12 h with different concentrations probe (1x107*, 1x10~° and
1x107%, 1x1077 M). Subsequently, MTT (3-(4, 5-dimethylthiazol-2-yl) 2, 5-diphenyl tetrazolium bromide)
solution (5 mg mL™!, PBS) was then added to each well. After 4 h, the remaining MTT solution was
removed, and 150 pL of DMSO was added into each well, followed by further incubation for 4 h at 37 °C.
Absorbance was measured at 490 nm in a TRITURUS microplate reader. Calculation of IC50 value was
done according to Huber and Koella’. Figure S10 showed that TCA was low toxic to cells over the course

of imaging experiments.
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Figure S10 Viability of HL-7702 cells in the presence of TCA as measured by using MTT assay. The cells were incubated
with TCA for 12 h. IC50 value was 0.7 mM.

9. Scavenger experiments in cell extracts

Fluorescence responses of TCA were studied using SOD and Tiron as 0, scavengers in cellular
extracts. The experiments summarized in Figure S11 showed that TCA fluoresced strongly in cell extracts
stimulated with PMA. Upon the treatment of SOD or Tiron, TCA showed apparently lower fluorescence
in the cell extracts upon PMA stimulation. These results established the scavenger capability using SOD

and Tiron were identical.
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Figure S11 The fluorescent changes of scavenger experiments in cell extracts.
10. The main source of O, during hepatocytes reperfusion injury
In light of previous data, xanthine oxidase, the mitochondrial electron transport chain (complex I, II
and III) and cyclooxygenase are thought to be enzymatic generating pathways of 0, in hepatocytes. °
However, during hepatocytes reperfusion injury, the main source of O, is still uncertain. To solve this

1017 were selected to regulate 0, levels, which was

problem, five corresponding enzyme inhibitors
generated by the enzymes mentioned above (Figure S12). The OP imaging investigations showed that
fluorescent intensity of hepatocytes decreased significantly in the presence of malonic acid (MA), which
inhibited O, production from the mitochondrial respiratory chain complex II during OGD reperfusion.
From the results, we speculated that mitochondrial respiratory chain complex II was the main source of
the over-producing 0, in hepatocytes under OGD reperfusion. Meanwhile, to further verify the major

source of O, is mitochondrial respiratory chain complex II, we performed MTT cytotoxicity assay and

obtained a consistent result with the hepatocytes OP images (Figure S13).
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Figure S12 The influences of different inhibitors for superoxide generation under OGD (1% O, and glucose-free DMEM
exposure) and reperfusion were visualized using the fluorescent probe TCA and confocal laser scanning microscopy. HL-7702
cells were pretreated with (a) 100 purinol, (b) 10 uM rotenone, (¢) 100 uM malonic acid, (d) 100 uM 2,3-Dimercaptopropanol,
(e) 200 uM Arcoxia, (f) no inhibitor and (g) all the five inhibitors. (i) Relative OP fluorescent intensity of TCA-labeled hepatic
cells (a-g). (h) TP fluorescent images of HL.-7702 cells were pretreated with 100 pM malonic acid under OGD reperfusion. The
blue fluorescence was generated from Hoechst 33342 (10 pM). Images were acquired using 405 nm and 488 nm for OP
excitation, and 770 nm for TP excitation, respectively. OP fluorescent emission windows: blue = 400—-470 nm, green =
500—600 nm, and TP fluorescent emission windows: 500-550 nm. Scale bar = 15 um. Cells shown are representative images

from replicate experiments (n = 5).
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Figure S13 Viability of HL-7702 cells in the presence of inhibitors as measured by using MTT assay. These inhibitors are
including purinol, rotenone, malonic acid (MA), 2, 3-Dimercaptopropanol (BAL) and Arcoxia. The cells were incubated under
oxygen-glucose deprivation and reperfusion condition with each inhibitor, all the five inhibitors (All), or no (OGD) inhibitor

for 0.5 h.
11 Dynamic imaging of 0,

The real-time changes of O, levels in PMA-stimulated HL-7702 cells were monitored. A noticeably

fluorescence of TCA enhancement was observed during 20 minutes. It means that O, levels in
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PMA-stimulated cells were gradually increased. The experiments indicated that TCA was capable to

dynamically visualize intracellular O, levels.
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Figure S14 Real-time fluorescent imaging during PMA stimulation. (a) 10 uM TCA-loaded HL-7702 cells were treated with 5
mM 10 pg/mL PMA (0, 5, 10, 15 and 20 min). (b) Relative OP fluorescent intensity of TCA-labeled cells in fig a. Cells shown

are representative images from replicate experiments (n = 5). Scale bar = 15 um.

12. Imaging of zebrafish

Interestingly, by means of OP imaging, we found that 0, largely distributed in liver and heart of
zebrafish after oxygen deprivation reperfusion. Meanwhile we observed that the O, concentrations
gradually increased with time prolonging (Fig. S15a). At depth of 180 pum inside zebrafish, we captured

clearer TP imaging of 0, distribution profile (Fig. S15b).

0 min 2 min 5 min

Figure S15 Fluorescent images of 0, levels in zebrafish before and after reperfusion. (a) OP fluorescent images of zebrafish
and the overlay of darkfield and brightfield after reperfused were captured in 0, 2, and 5 min. The zebrafish was pretreated
with TCA and sodium hydrosulfite in water for 15 min, and then was reperfused with dissolving oxygen water. (b) TP
fluorescent images and the overlay of darkfield and brightfield of zebrafish after reperfusion. Images were acquired using 488
nm (OP) and 770 nm (TP) excitation respectively. OP fluorescent emission windows: green= 500—600 nm, and TP fluorescent

emission windows: 500-550 nm Scale bar, 500 um.

13. Cell, zebrafish and mice culture
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A human hepatic cell line (HL-7702) and HepG2 cells were cultured in high glucose DMEM (4.5 g
of glucose/L) supplemented with 10% fetal bovine serum, 1% penicillin, and 1% streptomycin at 37 °C
(w/v) in a 5% CO,/95% air incubator MCO-15AC (SANYO, Tokyo, Japan). One day before imaging, the
cells were detached and were replanted on glass-bottomed dishes.

The concentration of counted cells for cell extracts was 1x10° cells mL™. Parts of normal cultured or
PMA-stimulated cells were incubated with TCA for 30 min and washed twice with Tris-HCI buffer. All
the cells were suspended in a volume of Tris and disrupted for 10 min in a VC 130PB ultrasonic
disintegrator (<4 °C). The broken cell suspension was centrifuged at 4000 rpm for 10 min and the pellet
discarded. Cell extracts were divided into several parts, and added with SOD (200 U) or Tiron (10 uM).

Hepatic cells in the OGD group were cultured in DMEM without glucose containing a deoxygenated
reagent 0.5 mmol/L sodium dithionite for 0.5 h'’. After that, the cells were incubated again in DMEM
containing glucose with 5% CO; and 95% O, for 0.5 h.

Wild type zebrafish was from Shandong Academy of Sciences. Seven days post fertilization
zebrafish was incubated in 10 pM probe for 0.5 h and then imaged using confocal fluorescence
microscopy. The zebrafish in treatment were placed in confocal culture dish.

Eight- to ten-week-old wild-type BalB/C mice (male) were used. The mice were anesthetized with
4% chloral hydrate (3 mL/kg) by intraperitoneal injection and a laparotomy was performed to expose the
liver'”. Hepatic ischemia was induced by clamping the artery to the left lobe of the liver. Thirty minutes
later, the ischemic liver was reperfused by opening the vascular clamp. Then TCA (100 uM) was adding
in the left lobe of the liver. As a control, the mice were exposed the liver and added TCA (100 uM) in the
left lobe of the liver. The mice were then imaged (30 min after the injection of TCA) by using a Leica
TCS MPS5 in vivo imaging system.

14. Confocal imaging and two-photon fluorescence imaging
One-photon fluorescent images were acquired on a Leica TCS SP5 confocal laser-scanning

microscope with an objective lens (x40). The excitation wavelength was 405 nm (5 mW), and 488 nm (15
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mW) respectively. Following incubation, the cells were washed three times with DMEM without FBS
and imaged.

The TP imaging of cells and zebrafish were obtained with Olympus FV1000MPE with a 60x water
objective and the TP imaging of mice were obtained with Leica TCS MP5 with a 25x% water objective. All
the Ti:sapphire laser was used to excite the specimen at 770 nm and transmissivity was 6%.

15. Measurement of two-photon cross section

The two-photon cross section () was determined by using femto second (fs) fluorescence
measurement technique®. TCAO were dissolved in 30 mM Tris buffer at the concentration of 1.0 x 107
M and then the two-photon induced fluorescence intensity was measured at 800 nm by using fluorescein
(1.0 x 10° M, pH 11) as the reference, whose two-photon property has been well characterized in the
literature. The intensities of the two-photon induced fluorescence spectra of the reference and sample
emitted at the same excitation wavelength were determined. The TPA cross section was calculated
according to Eq (1).

5. =5 @G n K
®S CS nS E

(D

The subscripts s and r refer to the sample and the reference material, respectively. J is the TPA cross
sectional value, C is the concentration of the solution, # is there refractive index of the solution, F' is
two-photon excited fluorescence integral intensity and @ is the fluorescence quantum yield. Here the
fluorescence quantum yield of TCAO is 0.135 (Tris buffer) using fluorescein as the reference®'.

The result shows that the two-photon cross section of TCAO in Tris buffer at pH 7.4 is 22 GM.
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