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1. Materials and General Experimental Methods  

Unless otherwise stated, all reagents were purchased from commercial suppliers and used without 

further purification. Solvents used were purified by standard methods prior to use. Twice-distilled 

water was used throughout all experiments. NTR, NADH and dicoumarin (DC) were purchased from 

Sigma. The NTR powder and NADH was dissolved into pure water to form aqueous solution and was 

divided into several parts for daily experiments. To keep the enzyme activity, all these solutions were 

stored at -80 °C before use according to a reported procedure.1 Dicoumarin was dissolved in DMSO. 

Mass spectra were performed using an LCQ advantage ion trap mass spectrometer from Thermo 

Finnigan. NMR spectra were recorded on a Bruker-400 spectrometer, using TMS as an internal 

standard. High-resolution electronspray (ESI-HRMS) mass spectra were obtained from The Thermo 

Fisher Scientific LTQ FT Ultra (Shanghai Institute of Organic Chemistry Chinese Academic of 

Sciences). Photoluminescent spectra were recorded at room temperature with a HITACHI F4600 

fluorescence spectrophotometer (1 cm standard quartz cell). The pH measurements were carried out on 

a Mettler-Toledo Delta 320 pH meter; the fluorescence images were acquired with a two photon 

confocal laser scanning microscope (Nikon, Japan); The in vivo (living mice) imaging was carried 

out using an IVIS Lumina XR (IS1241N6071) in vivo imaging system; TLC analysis was 

performed on silica gel plates and column chromatography was conducted over silica gel (mesh 

100–200), both of which were obtained from the Qingdao Ocean Chemicals. 

 

2. Determination of fluorescence quantum yield.  

Fluorescence quantum yield for ACF4, LDOH-1-4, and Ctrl 1-2 was determined by using cresyl 

violet (Φf = 0.54 in methanol) as a fluorescence standard.2 The quantum yield was calculated using 

the following equation: 

                        ΦF(X)= ΦF(S)(ASFX/AXFS) (nX/nS)
2                    (1) 

Where ΦF is the fluorescence quantum yield, A is absorbance, F is relative integrated fluorescence 

intensity, and n is the refractive index of the solvents used. Subscripts S and X refer to the standard 

and to the unknown, respectively. 

 

3. DFT calculations. 

To describe the excited state of fluorophores LDOH-1 and LDOH-2, time-dependent density 

functional theory (TD-DFT) calculations were performed. The calculations were carried out using 

the Gaussian 09 program package. All the geometries of fluorophores were optimized at 

B3LYP/6-311+ G (d, p) level using a CPCM solvation model with water as the solvent. The 

molecular orbital (MO) plots and MO energy levels were computed at the same level of theory. 

 

4. Detection Limit Calculation.  

The detection limit was calculated based on the fluorescence titration. The detection limit is 

calculated using the following equation:  
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                          Detection limit = 3σ/k                       (2) 

where σ is the standard deviation of blank measurements, k is the slope between the emission 

versus sample concentration.  

 

5. Measurement of Two-Photon Absorption Cross Section.  

The two-photon absorption action cross-section of LDOH-4 was determined using Rhodamine B 

in methanol as the reference molecules.3 The two-photon absorption cross section was determined 

by equation:  

                        σ = σr(Ftnt
2ФrCr)/(Frnr

2ФtCs)                     (3) 

 

where the subscripts t and r stand for the sample and reference molecules, F is the average 

fluorescence intensity, n is the refractive index of the solvent, C is the concentration, Ф is the 

quantum yield, and σr is the two-photon cross-section of the reference molecule.  

 

6. Synthesis and Characterization 

 

Scheme S1. Synthetic route of LDO-NTR. 
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Scheme S2. Synthetic route of LDOH-1-4, Ctrl-1-2 and LDO-CH3. 

Synthesis of LDOH-1. Compound 1 was prepared by reported method.4 The synthetic method of 

LDOH-1 was similar to LDOH-4. LDOH-1: Yield: 26% (red solid). 1H NMR (400 MHz, 

CD3OD) δ 8.04 (s, 1H), 7.90 (d, J = 8.6 Hz, 1H), 7.57 (s, 2H), 7.16 (s, 1H), 7.00 (d, J = 9.1 Hz, 

1H), 6.73 – 6.62 (m, 3H), 6.52 (s, 1H), 2.85 (m, 1H), 2.80 – 2.72 (m, 1H), 2.71 – 2.58 (m, 1H), 

2.55 – 2.43 (m, 1H). 13C NMR (100 MHz, CD3OD) δ 180.3, 172.6, 162.1, 161.6, 159.0, 154.9, 

144.4, 139.0, 133.8, 129.5, 129.4, 129.3, 128.7, 128.1, 127.7, 125.2, 116.4, 115.1, 114.9, 113.1, 

112.2, 102.5, 27.1, 23.6. MS (ESI): calcd for C24H18NO4
+ [M+] 384.1, found 384.3. 

Synthesis of LDOH-2. The synthetic method of LDOH-2 was similar to LDOH-1. LDOH-2: 

Yield: 32% (red solid). 1H NMR (400 MHz, DMSO-d6) δ 8.11 (d, J = 7.7 Hz, 1H), 7.99 (d, J = 7.9 

Hz, 1H), 7.83 (t, J = 7.5 Hz, 1H), 7.73 (t, J = 7.5 Hz, 1H), 7.38 (d, J = 7.6 Hz, 1H), 7.20 (s, 1H), 

6.88 (t, J = 11.0 Hz, 2H), 6.78 (d, J = 8.6 Hz, 1H), 6.71 (s, 1H), 3.13 (s, 6H), 2.84 – 2.77 (m, 2H), 

2.25 (s, 2H). 13C NMR (100 MHz, DMSO-d6) δ 169.6, 157.6, 154.12, 151.7, 139.3, 136.5, 133.2, 

131.0, 129.4, 128.9, 128.1, 127.4, 126.8, 125.3, 124.3, 115.6, 115.4, 110.9, 110.5, 110.1, 102.4, 

27.7, 21.8, 18.6. MS (ESI): calcd for C26H22NO4
+ [M+] 412.2, found 412.3. 

Synthesis of LDOH-3. Compound 4 was prepared by reported method.4 The synthetic method of 

LDOH-3 was similar to LDOH-1. LDOH-3: Yield: 42% (purple solid). 1H NMR (400 MHz, 

CD3OD) δ 8.50 (d, J = 6.5 Hz, 1H), 8.17 (d, J = 8.8 Hz, 1H), 8.03 – 7.88 (m, 2H), 7.55 (d, J = 4.8 

Hz, 1H), 7.42 (d, J = 5.5 Hz, 2H), 7.23 (d, J = 8.1 Hz, 1H), 7.08 (s, 1H), 3.86 (s, 2H), 3.54 (s, 6H). 
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13C NMR (100 MHz, CD3OD+CDCl3) δ 157.3, 155.2, 155.2, 154.1, 153.8, 134.2, 132.9, 132.6, 

132.1, 130.8, 129.6, 127.9, 126.7, 125.7, 120.3, 116.0, 115.4, 108.2, 108.2, 105.0, 41.0, 32.8. MS 

(ESI): calcd for C25H19ClNO4
+ [M+] 432.1, found 432.3. 

Synthesis of compound 5. Compound 5 was prepared by reported method.5 1H NMR (400 MHz, 

CD3OD) δ 7.52 (d, J = 8.8 Hz, 1H), 6.77 – 6.62 (m, 2H), 3.12 – 2.92 (m, 8H), 2.63 – 2.53 (m, 2H). 

Synthesis of compound 6. Compound 6 was prepared by the followed method.5 1H NMR (400 

MHz, CD3OD) δ 7.80 (d, J = 8.9 Hz, 1H), 6.72 – 6.38 (m, 2H), 3.04 (s, 6H), 2.86 (t, J = 5.8 Hz, 

2H), 2.50 (t, J = 6.2 Hz, 2H), 2.16 – 1.91 (m, 2H). 

Synthesis of compound 7. Compound 5 (402.5 mg, 2.3 mmol), 2-methoxybenzaldehyde (408 mg, 

3.0 mmol) and NaOH (3 mL) were dissolved with EtOH in 50 mL flask, stirring at 60 oC for 8 h. 

The reaction solution was evaporated, and the residue was chromatographed on silica gel with 

CH2Cl2 : EtOH (30:1) as the eluent to give compound 7 (400 mg, 59%) as a yellow powder. 1H 

NMR (400 MHz, CDCl3) δ 8.28 (s, 1H), 8.08 (d, J = 6.9 Hz, 1H), 7.94 (s, 1H), 7.63 (s, 1H), 7.37 – 

7.17 (m, 1H), 7.05 – 6.87 (m, 1H), 4.18 (d, J = 9.5 Hz, 1H), 3.39 (s, 1H). 

Synthesis of compound 8. The synthetic method of compound 8 was similar to compound 7. 

compound 8：Yield: 51% (yellow powder). 1H NMR (400 MHz, CDCl3) δ 8.07 (d, J = 7.3 Hz, 1H), 

7.91 (s, 1H), 7.29 (d, J = 5.6 Hz, 3H), 7.05 – 6.86 (m, 2H), 6.64 (d, J = 7.0 Hz, 1H), 6.38 (s, 1H), 

3.85 (s, 3H), 3.03 (d, J = 26.8 Hz, 10H), 2.87 (s, 2H). 

Synthesis of Ctrl-1. The synthetic method of Ctrl-1 was similar to LDOH-1. Ctrl-1: Yield: 46% 

(drak-purple solid). 1H NMR (400 MHz, CD3OD) δ 8.32 (d, J = 8.8 Hz, 1H), 8.10 (t, J = 7.2 Hz, 

1H), 7.96 (s, 1H), 7.77 (d, J = 6.1 Hz, 1H), 7.69 (d, J = 6.7 Hz, 2H), 7.46 (s, 1H), 7.37 (d, J = 8.7 

Hz, 1H), 7.29 (s, 1H), 4.33 (s, 3H), 4.15 (q, J = 21.5 Hz, 2H), 3.69 (s, 6H). 13C NMR (100 MHz, 

CD3OD+CDCl3) δ 170.6, 167.6, 156.3, 155.5, 154.2, 150.4, 148.9, 131.1, 129.2, 128.5, 126.2, 

123.8, 123.7, 120.6, 120.1, 119.5, 112.7, 112.5, 110.9, 106.5, 103.9, 54.7, 39.5, 31.9. MS (ESI): 

calcd for C25H21ClNO3
+ [M+] 418.1, found 418.2. 

Synthesis of Ctrl-2. The synthetic method of Ctrl-2 was similar to LDOH-1. Ctrl-2: Yield: 48% 

(dark purple solid). 1H NMR (400 MHz, CD3OD) δ 8.08 (d, J = 9.1 Hz, 1H), 7.73 (m, 1H), 7.36 – 

7.29 (m, 4H), 6.98 (s, 1H), 6.84 (dd, J = 9.1, 2.0 Hz, 1H), 6.68 (s, 1H), 3.97 (s, 3H), 3.29 (s, 6H), 

3.03 (t, J = 7.5 Hz, 2H), 2.83 (m, 1H), 2.72 (m, 1H). 13C NMR (100 MHz, CD3OD+CDCl3) δ 

163.05, 157.44, 156.86, 155.27, 154.49, 145.00, 133.83, 132.21, 130.34, 130.19, 128.66, 127.62, 

122.32, 121.55, 118.41, 115.80, 114.70, 112.14, 111.05, 108.37, 104.22, 55.99, 40.37, 30.16, 

28.49. MS (ESI): calcd for C26H23ClNO3
+ [M+] 432.1, found 432.2. 

Synthesis of compound 10. Compound 9 was prepared by reported method.6 AlCl3 (1.2 g, 9.1 

mmol) and phthalic anhydride (520 mg, 3.5 mmol) were dissolved with tetrachloroethane (10 mL) 

in 35 mL pressure tube, stirring at 0 oC for 1 h. Then compound 9 (516 mg, 3 mmol) was added to 

the above solution, stirring at 100 oC for about 10 h. The reaction solution was poured into the 

mixture of ice water and stirred continuously, a yellow solid product was obtained by filtration. 

The product was directly used for the next step. 

Synthesis of LDO-CH3. The synthetic method of LDO-CH3 was similar to LDOH-1. LDO-CH3: 

Yield: 43% (drak-purple solid). 1H NMR (400 MHz, CD3OD) δ 8.19 – 8.14 (m, 1H), 8.11 (d, J = 

9.2 Hz, 1H), 7.67 (dd, J = 5.3, 3.6 Hz, 2H), 7.43 (s, 1H), 7.22 – 7.16 (m, 1H), 7.12 (s, 1H), 6.83 

(dd, J = 9.2, 2.5 Hz, 1H), 6.65 (d, J = 2.1 Hz, 1H), 4.08 (s, 3H), 3.24 (s, 6H), 3.07 – 2.97 (m, 1H), 

2.96 – 2.86 (m, 1H), 2.79 – 2.67 (m, 1H), 2.64 – 2.53 (m, 1H). 13C NMR (100 MHz, 

CD3OD+CDCl3) δ 163.3, 159.2, 155.8, 153.0, 147.5, 146.1, 136.9, 136.1, 130.9, 130.8, 129.5, 
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129.4, 129.4, 127.8, 126.8, 122.5, 119.3, 117.2, 114.0, 112.6, 110.7, 100.4, 56.7, 39.7, 29.4, 27.4. 

MS (ESI): calcd for C27H23ClNO4
+ [M+] 460.1, found 460.2. 

 

7. Spectrometric Studies 

Measurement of photophysical properties. For photophysical characterization, all dyes 

(LDOH-1-4, Ctrl-1-2 and LDO-CH3) and the probe LDO-NTR were dissolved in DMSO to 

make the stock solutions (500 µM). The LDOH-1-4, Ctrl-1-2 and LDO-CH3 were diluted to 5 

µM as the testing solutions with PBS buffer solution (25 mM, 20% DMSO). The probe 

LDO-NTR was diluted to 5 µM as the testing solutions with PBS buffer solution (25 mM, 1% 

DMSO, pH=7.4). Absorption and fluorescence spectroscopic studies were performed on a Labtech 

UV Power PC spectrometer; a Hitachi F-4600 fluorescence spectrophotometer. Sources for 

different ROS/RNS are described as follows. Specifically, H2O2 solution was purchased from 

Sigma-Aldrich and added into the probe solution directly. Superoxide (O2
•-) was generated from 

KO2 was dissolved in DMSO. The source of NaOCl was commercial bleach.   

 

8. Fluorescence Microscopic Studies 

Cell culture. HepG2 cells were cultured in high glucose Dulbecco's Modified Eagle Medium 

(DMEM, Hyclone) supplemented with 10% fetal bovine serum (FBS, BI), and 1% antibiotics (100 

U/mL penicillin and 100 µg/mL streptomycin, Hyclone) at 37 °C and 5% CO2. Cells 

werecarefully harvested and split when they reached 80% confluence to maintain exponential 

growth. 

Cytotoxicity Study of LDO-NTR for HepG2 Cells. The cytotoxic effects of LDO-NTR was 

determined by MTT [3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide] assay. 

HepG2 cells (1 × 104 cells/well) were placed in a flat-bottom 96-well plate in 100 μL of culture 

medium and incubated in 5% CO2 at 37 °C for 24 h. The cells were treated with different 

concentrations (0−10 M) of LDO-NTR. After 24 h of incubation, MTT solution (5.0 mg/mL) 

was added into each well (0.5 mg/mL). Residual MTT solution was removed after 4 h, and then 

dimethyl sulfoxide (DMSO, 100 μL) was added to each well to dissolve the formazan crystals. 

After the plates were shaken for 10 min, the absorbance values of the wells were recorded by use 

of a microplate reader at 490 nm. The cytotoxic effects (VR) of LDO-NTR were assessed by the 

following equation: VR = A/A0 × 100, where A and A0 represent absorbance of the experimental 

group and control group, respectively. The assays were performed in six sets for each 

concentration. 

Fluorescence microscopy imaging. To avoid the artifacts that occur during fixation procedures, 

all the experiments were conducted in live cells. HepG2 cells were first cultured under normoxic 

(20% O2) and different hypoxic conditions (10% and 1% O2) for 5 hours. Then HepG2 cells were 

incubated with LDO-NTR (5 μM) for 30 min at 37 °C and washed with PBS three times before 

imaging. One-photon and TP excited fluorescence imaging of HepG2 cells was performed by a 

confocal laser scanning microscope (CLSM, C1-Si, Nikon, Japan) with an excitation filter of 561 

nm and the collection wavelength range is from 570-620 nm, respectively, and TP images were 

performed with a mode-locked titanium-sapphire laser source set at a wavelength of 820 nm and 

the collection wavelength range is from 570-620 nm, respectively. 
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Fluorescence imaging in hypoxic tumor mice model. 4T1 breast cancer mice model were used 

fluorescence imaging. 4T1 breast cancer model preparation procedures were in accordance with 

the guidelines of the institutional animal use and care regulations (No. SYXK (Xiang) 

2008-0001). 

 

9. Supplemental Figures 
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Figure S1. Normalized fluorescence emission of ACF4 (5 μM) with different pH (2.07 and 9.48) in PBS buffer 

solution (25 mM, DMSO : PBS=2 : 8) at different excitation wavelength. 
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Figure S2. (A) The optimized molecular structure of ACF4 at the phenol state and phenolate state. The molecular 

planarity was plotted with different twist angles (φ) at the bridging bond of five-membered ring in water. (B) The 

optimized molecular structure of LDOH-1 at the phenol state and phenolate state. The molecular planarity was 

plotted with different twist angles (φ) at the bridging bond of six-membered ring in water. A, B and C represented 

three rings of the chemical modification. 

 

 

     

   

Figure S3. The optimized molecular structure of amino LDOH-1 and LDOH-2 and bond distances of C1-N1 

bond at the phenol state for LDOH-1 (A) and LDOH-2 (B) and phenolate state for LDOH-2 (C), respectively. The 

calculation was performed at B3LYP/6-311 + G (d, p) level using a CPCM solvation model with water as the 

solvent at excited state.  
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Figure S4. Absorption spectra of LDOH-2 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH 

changing from 2.07 to 10.00. 
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Figure S5. Fluorescence emission spectra of LDOH-2 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) 

with pH changing from 2.07 to 10.00, λex = 561 nm. 
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Figure S6. Absorption spectra of LDOH-3 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH 

changing from 2.07 to 10.00. 
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Figure S7. Fluorescence emission spectra of LDOH-3 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) 

with pH changing from 2.07 to 10.00, λex = 550 nm. 

 

 

 



S12 
 

480 540 600 660 720

0.00

0.08

0.16

0.24

0.32

A
b

so
rb

an
ce

Wavelength (nm)

 pH 2.07
 pH 3.09
 pH 3.47
 pH 4.05
 pH 4.50
 pH 5.08
 pH 5.61
 pH 7.18
 pH 8.05
 pH 9.48
 pH 10.00

pH=2.07

pH=10.00

pH=10.00

pH=2.07

 

Figure S8. Absorption spectra of LDOH-4 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH 

changing from 2.07 to 10.00. 
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Figure S9. pKa of LDOH-3 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH changing from 

1.50 to 11.08, λex = 550 nm. 
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Figure S10. pKa of LDOH-4 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH changing from 

1.50 to 11.46, λex = 561 nm. 
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Figure S11. Fluorescence intensity of LDOH-4 and LDO-CH3 (5 M) in PBS buffer solution at different pH (25 

mM, DMSO : PBS=2 : 8). 
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Figure S12. Absorption spectra of Ctrl-1 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH 

changing from 2.07 to 10.00. 
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Figure S13. Fluorescence emission spectra of Ctrl-1 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) 

with pH changing from 2.07 to 10.00, λex = 550 nm. 
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Figure S14. Absorption spectra of Ctrl-2 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) with pH 

changing from 2.07 to 10.00. 
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Figure S15. Fluorescence emission spectra of Ctrl-2 (5 M) in PBS buffer solution (25 mM, DMSO : PBS=2 : 8) 

with pH changing from 2.07 to 10.00, λex = 561 nm. 
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Table S1. Photo-physical properties of ACF4, LDOH-1-4 and Ctrl-1-2. 

 

Compound     λab       λem   Stokes shift     ε        Φb      pKa       FEFc 

(nm)a     (nm)a    (nm)a    (M-1cm-1)b     

ACF4       533       590      57      3.04×104      0.96    7.0      1.6     

LDOH-1     542       601      59      1.56×104       0.72    6.0      3.1     

LDOH-2     568       627      59      4.96×104       0.55    6.5      19.1    

LDOH-3     566       620      54      7.40×104       0.70    5.6      23.7    

LDOH-4     574       633      59      6.00×104       0.55    5.1      27.8    

Ctrl-1          572       620      48      3.30×104       0.57    6.0      14.8    

Ctrl-2       584       639      55      4.90×104     0.31    4.6      7.9     
a Tested in PBS buffer solution (25 mM, pH 7.4, 20% DMSO). b Tested in PBS buffer solution (25 mM, 

pH 10.0, 20% DMSO). c Fluorescence enhancement factor (FEF) of dyes at pH 9.48 to 2.07 tested in 

PBS buffer solution (25 mM, 20% DMSO). 
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Figure S16. Linear correlation between the concentration of NTR and the fluorescence intensity of the reaction 

mixture (λex/λem = 561/624 nm), data shown as mean ± s.d. (n = 3).  
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Table S2. Properties of respresentative fluorescent probes for NTR 

 

Probes λex/nm λem/nm LOD 

Michaelis 

constant 

(Km) 

Response 

time 

Bioimaging

application 

17 398 494 20 ng/mL 48.07 μM 20 min 
cell 

tissue  

18 470 520 9.6 ng/mL 
36.29 μM

5 min 

cell 

escherichia 

coli 

Cy7-19 730 782 1.14 ng/mL 190.3 μM 3 min 
cell 

in vivo 

FNTR10  410 560 
23.67 

ng/mL 
~ 

10 min 

cell 

tissue  

zebrafish 

PBFBT-NP11 430 530 2.9 ng/mL 

~ 

6 min 

cell 

escherichia 

coli 

PyCL-NO2
12 467 526 27 ng/mL 72.28 μM 60 min cell 

113 550 604 2.2 ng/mL ~ 10 min cell 

114 345 
475/ 

550 
0.77 ng/mL

~ 
20 min cell  

115 515 550 51.5 ng/mL ~ 60 min 
cell 

c. elegans 

116 658 699 8.4 ng/mL 7.21 μM 30 min bacteria cell

(1)17 ~ 537 24.5 ng/mL ~ 24 min 
cell 

tissue 

FBN-118 490 515 0.66 ng/mL ~ 5 min 
cell 

in vivo 

Lyso-NTR19 425 543 2.2 ng/mL 45.6 μM ~ cell 

CoNO2-HY20 380 511 20 ng/mL ~ 20 min 
cell 

slices 

NBP21 580 658 180 ng/mL
~ 

~ cell  
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122 670 705 14 ng/mL 32.2 μM 15 min 
cell 

zebrafish 

CyNNO2
23 689 747/805

0.0058 

ng/mL 
~ 20 min cell 

124 605 720 ~ 18.28 μM 10 min cell 

(5)25 590 708 ~ 
301.8 μM

 
20 min 

response 

assays 

(in vitro)  

126 620 657 36.9 ng/mL 40.75 μM ~ 
bacterial 

pathogens 

LDO-NTR 

(this work) 
561 624 0.79 ng/mL 35.07 μM 15 min 

cell 

tissues 

in vivo 

 

 

 

 

Figure S17. The ESI mass spectrum of LDO-NTR in the presence of NTR + NADH. 

 

 

 



S19 
 

0 1200 2400 3600 4800

0

600

1200

1800

2400

 

 

F
l. 

In
te

n
si

ty
 (

a.
u

.)

Time (s)

0 g/mL

0.5 g/mL

1.0 g/mL

1.5 g/mL

2.0 g/mL

 

Figure S18. Time dependent fluorescence emission intensity of LDO-NTR (5 µM) after reaction with different 

concentrations of NTR (0, 0.5, 1.0, 1.5, 2.0 µg/mL) in the presence of 500 M NADH. λex = 561 nm, λem = 624 

nm. 
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Figure S19. Lineweaver-Burk plot for the enzyme-catalyzed reaction. The Michaelis-Menten equation was 

described as: V = Vmax[probe] / (Km+[probe]), where V is the reaction rate, [probe] is the probe concentration 

(substrate), and Km is the Michaelis constant. Conditions: 2 µg mL-1 nitroreductase, 500 µM NADH, 10-40 µM of 

LDO-NTR at 37 oC. Reaction at each probe concentration was repeated three times, and the error bars represent 

standard deviations.  
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Figure S20. Effect of dicoumarin on the fluorescence intensity of LDO-NTR (5 µM) reacted with nitroreductase 

(0 and 2 μg/mL) + NADH (500 μM) + dicoumarin (0~2.0 mM) in PBS for 40 min at 37 oC .λex = 561 nm. λem = 

624 nm. 
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Figure S21. Effect of pH on the fluorescence intensity of LDO-NTR (5 µM) reacted with nitroreductase (2 μg/mL) 

+ NADH (500 μM) in PBS (25 mM, 1% DMSO, pH=7.4) for 40 min at 37 oC. λex/λem = 561/624 nm.  

 

 

 

 

 

 

 

 

 

 

 

 



S21 
 

25 30 35 40
0

1000

2000

3000

4000

F
l. 

In
te

n
si

ty
 (

a.
u

.)

Temperature (ºC)

 LDO-NTR   LDO-NTR+2 g/mL NTR

 

 

 

Figure S22. Fluorescence intensity of LDO-NTR (5 µM) reacted with nitroreductase (2 μg/mL) + NADH (500 

μM) in PBS (25 mM, 1% DMSO, pH=7.4) for 40 min at different temperature (B). λex/λem = 561/624 nm.  
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Figure S23. Cell viabilities (%) estimated by MTT proliferation tests versus incubation concentrations of probe. 

HepG2 cells were incubated with (0, 2, 4, 6, 8, 10 M) LDO-NTR at 37 oC for 24 h. 
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Figure S24. Active TP absorption cross-section of compound LDOH-4 in PBS containing 20% DMSO. 

 

 

 

 

 

Figure S25. (A) Fluorescence images of HepG2 cells with different pretreatments before incubation with 

LDO-NTR (5 μM, 30 min) by one-photon (λex/λem = 561/570-620 nm) confocal imaging. From left to right: cells 

incubated under different oxygen conditions (20%, 10%, and 1%) (a-c) for 5 h, respectively. (B) Relative 

fluorescence intensity of HepG2 cells in Figure S25A. Scale bar: 20 μm. 
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Figure S26. (A) Confocal fluorescence images of living HepG2 cells cultured with LDOH-4 (1.0 μM) and 

Mito-Tracter Red (1.0 μM) with continuous irradiation using confocal microscope with the same parameters. (B) 

Quantification of the relative mean fluorescence levels of cells from the images of LDOH-4 and Mito-Tracter 

Red. Scale bar = 50 μm. λex = 561 nm, λem = 570-620 nm. 
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Figure S27. Photostability of LDOH-4 and Mito-Tracker Red in PBS buffer solution (pH 7.4, 25 mM, DMSO: 

(B) 

(A) 
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PBS=2 : 8). The samples were continuously irradiated by white light (50 W) in ice-bath condition.  

 
 
 

 
 

Figure S28. Fluorescence images of tumor tissues by one-photon confocal imaging. a: intact tumor tissues. b: the 

tumor mice were injected LDO-NTR (500 μM, 50 μL) for 1.5 h in situ, then the tumor was sectioned after being 

anaesthetized. c: the tumor mice were pre-injected with DC (1 mM, 50 μL) for 30 min before with LDO-NTR 

(500 μM, 50 μL) for 1.5 h in situ, then the tumor was sectioned after being anaesthetized. Scale bar = 100 μm. λex 

= 561 nm, λem = 570-620 nm. 

 
 
 

 
 

Figure S29. Two-photon fluorescence images of tumor tissues of tumor mice pre-injected with DC (1 mM, 50 μL) 

for 30 min before with LDO-NTR (500 μM, 50 μL) for 1.5 h in situ at the depths of approximately 40~130 μm. 

Scale bar = 100 μm. λex = 561 nm, λem = 570-620 nm. 
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Figure S30. 1H NMR spectra of LDO-NTR in DMSO-d6. 

 

 

 

 

Figure S31. 13C NMR spectrum of LDO-NTR in DMSO-d6. 
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Figure S32. 1H NMR spectra of LDOH-1 in CD3OD. 

 

 

 

Figure S33. 13C NMR spectrum of LDOH-1 in CD3OD 
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Figure S34. 1H NMR spectra of LDOH-2 in DMSO-d6. 

  

 

 

Figure S35. 13C NMR spectrum of LDOH-2 in DMSO-d6. 
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Figure S36. 1H NMR spectra of LDOH-3 in CD3OD. 

 

 

 

 
Figure S37. 13C NMR spectrum of LDOH-3 in CD3OD+CDCl3. 
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Figure S38. 1H NMR spectra of LDOH-4 in CD3OD. 

 

 

 
Figure S39. 13C NMR spectrum of LDOH-4 in CD3OD+CDCl3. 
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Figure S40. 1H NMR spectra of Ctrl-1 in CD3OD. 

 

 

 

 
Figure S41. 13C NMR spectrum of Ctrl-1 in CD3OD+CDCl3. 
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Figure S42. 1H NMR spectra of Ctrl-2 in CD3OD. 

 

 
 

Figure S43. 13C NMR spectrum of Ctrl-2 in CD3OD+CDCl3. 
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Figure S44. 1H NMR spectrum of LDO-CH3 in CD3OD. 

 

 

 

Figure S45. 13C NMR spectrum of LDO-CH3 in CD3OD+CDCl3. 
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Figure S46. 1H NMR spectra of compound 5 in CD3OD. 

   

 

 
Figure S47. 1H NMR spectra of compound 6 in CD3OD. 
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Figure S48. 1H NMR spectra of compound 7 in CDCl3. 

 

 

 
Figure S49. 1H NMR spectra of compound 8 in CDCl3。 
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