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Scheme S1. Synthetic route of the compound Cy7-Cl.

Scheme S2. Synthetic routes of the compounds Cy7-2 - Cy7-5.
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Scheme S3. Synthetic route of the compound Cy7-NH2.

Synthesis of Cy7-Cl
Compound Cy7-Cl was synthesized according to the literature reported method[1] with some
modifications.
Step A: A solution of POCl3 (18.5 mL, 198 mmol) in CH2Cl2 (17.5 mL) was slowly added to an
ice-cooled solution of DMF (20 mL, 258 mmol) in CH2Cl2 (20 mL). After the addition was
finished, cyclohexanone (5 g, 50 mmol) was added via syringe. Then the mixture was refluxed for 3
h. The mixture was poured into 150 mL ice-water mixture. The yellow crystal would appear in this
mixture after 12 h, then filtrated to afford yellow solid without any purification for next step. 1.65 g,
18.8% yield.
Step B: 2,3,3-Trimethylindolenine (6.1 g, 38.3 mmol) and ethyl iodide (10.74 g, 68.8 mmol) were
dissolved in 30 mL toluene. The mixture was stirred at 100 °C for 20 h. Then the reaction was
cooled to room temperature and filtered. The solid was washed with ester acetic to afford compound
as pink solid without any purification for next step. 11.3 g, 90.1% yield.
Step C: Compound a (0.70 g, 4.05 mmol, 1 equiv.), b (2.67 g, 8.52 mmol, 2.1 equiv.) and AcONa
(0.35 g, 4.25 mmol, 1.04 equiv.) were dissolved in 25 mL Ac2O. The mixture was stirred at 60 °C
for 3 h. Then the mixture was cooled to r.t. and filtered. The solid was washed with saturated
NaHCO3 buffer until no bubble appeared. Then the solid was washed with water twice. After that,
the solid dried under vacuum to afford light-red solid. 1.64 g, 63.3% yield. 1H NMR (400 MHz,
MeOD) δ 8.45 (d, J = 14.1 Hz, 2H), 7.53 (d, J = 6.9 Hz, 2H), 7.49 – 7.39 (m, 2H), 7.31 (ddd, J =
11.0, 8.2, 4.3 Hz, 4H), 6.30 (d, J = 14.1 Hz, 2H), 4.23 (q, J = 7.2 Hz, 4H), 2.75 (t, J = 6.1 Hz, 4H),
2.01 – 1.93 (m, 2H), 1.73 (s, 12H), 1.41 (t, J = 7.2 Hz, 6H). Maldi-Tof/Tof-MS: calcd. for
C34H40ClN2+ 511.2880[M]+, found 511.2745 [M]+.
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Synthesis of compound Cy7-NH2:
Step A: 4-aminobenzoic acid 4 g was dissolved in 10 mL SOCl2 and heated to 80 oC for 4 h, then
the excess SOCl2 was removed. The crude product was directly used for the next step without any
purification.
Step B: Compound Cy7-OH (10 mg, 0.02 mmol, 1 equiv.) was dissolved in dry CH2Cl2 (5 mL)
and cooled to 0 oC, compound b (8 mg, 0.05 mmol, 2.5 equiv.) in 5 mL CH2Cl2 was added dropwise
within 10 min under argon protection. The mixture was reacted for another 20 min at 0 oC, then
removed ice bath and warmed to r.t. for another 3.5 h. The reaction was monitored by TLC. After
the reaction finished, the solvent was removed and the crude product was purified by the flash
column chromatography (SiO2, CH2Cl2:CH3OH = 20:1, v/v) to afford target compound as green
solid with metallic luster. Maldi-Tof/Tof-MS: calcd. for C41H46N3O2+ 612.3590 [M]+, found
612.2378 [M]+.

Reference:
[1] Wang, X.; Sun, J.; Zhang, W.; Ma, X.; Lv, J.; Tang, B. Chem. Sci. 2013, 4, 2551.
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Figure S1. 1H NMR spectra of compound Cy7-Cl in MeOD
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Figure S2. Maldi-Tof/Tof-MS spectrum of compound Cy7-Cl.

Figure S3. 1H NMR spectrum of compound Cy7-OH in CDCl3.
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Figure S4. 13C NMR spectrum of compound Cy7-OH in CDCl3.

Figure S5. Maldi-Tof/Tof-MS spectrum of compound Cy7-OH.
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Figure S6. 1H NMR spectrum of the compound Cy7-1 in MeOD.
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Figure S7. 13C NMR spectrum of the compound Cy7-1 in MeOD.
S8

Figure S8. Mass spectrum of the compound Cy7-1.

Figure S9. 1H NMR spectrum of compound Cy7-4 in MeOD.
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Figure S10. 13C NMR spectrum of compound Cy7-4 in MeOD.

Figure S11. Mass spectrum of the compound Cy7-4.
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Figure S12. 1H NMR spectrum of the compound Cy7-5 in MeOD.

Figure S13. 13C NMR spectrum of the compound Cy7-5 in MeOD.
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Figure S14. Mass spectrum of the compound Cy7-5.

Figure S15. 1H NMR spectrum of the compound Cy7-2 in MeOD.
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Figure S16. 13C NMR spectrum of the compound Cy7-2 in MeOD.

Figure S17. Mass spectrum of the compound Cy7-2.
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Figure S18. 1H NMR spectrum of the compound Cy7-3 in MeOD.

Figure S19. 13C NMR spectrum of the compound Cy7-3 in MeOD.
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Figure S20. Mass spectrum of the compound Cy7-3.

Figure S21. Mass spectrum of the compound Cy7-NH2.
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Figure 22. UV-vis absorption (dot line) and fluorescence emission (solid line) spectra of Cy7-1
(blue) and Cy7-NH2 (green) in 0.05 M Tris buffer with 1.5% DMSO as co-solvent, pH = 7.4.
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Figure S23. Natural transition orbitals (NTOs) representing transitions contributing to the
lowest-energy absorption and singlet emission of Cy7-1 and Cy7-NH2 in gas phase obtained at the
B3LYP/6-31G* level of theory.
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Figure S24. Maldi-Tof/Tof Mass spectrum of Tris buffer containing Cy7-1 (10 µM) reacted with
nitroreductase (0.25 µg mL-1) after 60 min, in the presence of 500 µM NADH at 37 oC.

Figure S25. HPLC profiles of (a) 500 µM NADH, (b) 10 µg mL-1 NTR, (c) 100 µM Cy7-1, (d) 100
µM Cy7-NH2, and (e) 100 µM Cy7-1 mixed with 1 µg mL-1 NTR in the presence of 200 µM NADH
for 10 min.
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Figure S26. The Schemes of the distance bewteen nitro O atoms and the cyanine part (R).

Figure S27. In vitro fluorescence imaging of Cy7-1 (10 µM) without (a) and with nitroreductase
contained (b) 0.125 µg mL-1 and (c) 0.25 µg mL-1 as a function of time. (d) Corresponding average
emission intensity of (a) black line in Figure a, red line in Figure b, blue line in Figure c as a
function of time. All fluorescence emission were collected at the region λem = 800 ± 12 nm (λex =
730 nm), in the presence of 500 µM NADH at 37 oC by EMCCD camera.
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Figure S28. Effect of pH value on the fluorescence intensity of Cy7-1 (10 µM) reacted with
nitroreductase (0.25 µg mL-1) in the presence of 500 µM NADH at 37 oC. (λem = 782 nm, λex = 730
nm).

Figure S29. Effect of temperature on the fluorescence intensity of Cy7-1 (10 µM) reacted with
nitroreductase (0.25 µg mL-1) in the presence of 500 µM NADH at 37 oC. (λem = 782 nm, λex = 730
nm).
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Figure S30. The detection limit of Cy7-1 for nitroreductase (NTR) at λem = 782 nm (λex = 730 nm)
after reacting for 5 min, in the presence of 500 µM NADH Tris buffer at 37 oC.

Figure S31. Changes in fluorescent emission spectra (a) and time-dependent fluorescence intensity
at 782 nm (b) of 10 µM Cy7-1 in 0.2 M phosphate buffer (pH = 6.0) activated with 0.25 µg mL-1
NTR in the presence of 200 µM NADH at 25 oC within 10 min (λex = 730 nm).
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Figure S32. 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: 0.25 µg mL-1
nitroreductase, 500 µM NADH, 10-50 µM of probe Cy7-1 at 37 oC. Reaction at each probe
concentration was repeated three times, and the error bars represent standard deviations. Points
were fitted using a linear regression model (correlation coefficient R = 0.998).

Figure S33. The fluorescence emission spectra of Cy7-1 (10 µM) in the different reaction systems.
(A): treated with 500 µM NADH and without nitroreductase; (B): treated with 0.25 µg mL-1
nitroreductase and 500 µM NADH at 37 oC; (C): B system treated with 1 mM dicoumarin; (D): B
system treated with 2 mM dicoumarin; (E): B system at 4 oC. All measurements were carried out
after mixing 5 min. λex = 730 nm.
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Figure S34. The changes in fluorescent intensity at 788 nm of Cy7-1 in 0.05 M Tris buffer (pH =
7.4, 1.5% DMSO as co-solvent, black line) and in 0.2 M PBS (pH = 6.0, 1.5% DMSO as co-solvent,
red line), after continuous illumination at 730 nm by a 150 W xenon lamp for 30 min.

Figure S35. Cell viabilities (%) estimated by MTT proliferation tests versus incubation
concentrations of Cy7-1. A549 cells were incubated with 0∼25 µM Cy7-1 at 37 oC for 6 h (black)
and 12 h (red).
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Figure S36. (a-b) Time-based fluorescence imaging in vivo of the A549 tumor-bearing mouse
before (a) and after (b) intratumor injection of 0.05 M Tris buffer (100 µL) containing Cy7-1 (20
µM) and dicoumarin (0.2 mM). (c) Changes in fluorescent intensity of tumor regions after injecting
Cy7-1 (green) and the mixture of Cy7-1 and dicoumarin (blue). The fluorescence signals were
collected at 800 ± 12 nm, under 730 nm irradiation with a power density of 1 mW cm-2.
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Figure S37. (a-b) Time-based fluorescence imaging in vivo of the A549 tumor-bearing mouse after
injection of 100 µL Tris buffer of dicoumarin (0.2 mM) into tumor region A for 5 min (a) and then
injection of 100 µL Tris buffer of Cy7-1 (20 µM) into tumor region B. (c) Changes in fluorescent
intensity of tumor region A and B after injection of dicoumarin (blue) and Cy7-1 (green). The
fluorescence signal was collected at 800 ± 12 nm, under 730 nm irradiation with a power density of
1 mW cm-2.
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Figure S38. The enzymatic assays results of the mouse in Figure 8a, (1) the normal tissue beside
the A549 tumor sample, (2) A549 tumor tissue sample, (3) NTR marker, and (4) the standard
protein molecular weight.
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Figure S39. Time-based in vivo fluorescence imaging of the A549 tumor mouse model before (a)
and after (b) injecting Cy7-1 (20 µM, 100 µL) via intratumor injection (tumor, d = 7 mm). (c) The
tumor fluorescence intensity changing of mouse in figure 8b-2 (tumor d = 12 mm, black) and mouse
in a and b (tumor d = 7 mm, red) after injection. The fluorescence signals were collected at λem =
800 ± 12 nm under excitation with 730 nm CW laser (power density is 1 mW cm-2).
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Figure S40. Anatomy of the mice abdomen (a) normal nudemouse, and (b) acute peritonitis model
nudemouse, respectively.

Figure S41. (a) Schematic plot of detection limit assay. (b) In vitro fluorescence imaging and (c) the
fluorescence singal intensity of an average area of Cy7-1 (10 µM) reacted with different
nitroreductase concentration (1) 0.125 µg mL-1 and (2) 0.25 µg mL-1 in small tube and covered with
the different thickness (2 mm - 6 mm) artificial tissue, in the presence of 500 µM NADH at 37 oC.
The fluorescence emission signal was collected at λem = 800 ± 12 nm under excitation with 730 nm
CW laser (power density is 1 mW cm-2).
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Figure S42. (a) In vitro fluorescence imaging and (b) fluorescence intensity of Cy7-1 (10 µM)
reacted with nitroreductase (0.25 µg mL-1) in small tube and covered with 6 mm thickness artificial
tissue, in the presence of 500 µM NADH at 37 oC. The fluorescence emission signals were collected
at λem = 800 ± 12 nm under excitation with 730 nm CW laser with different power densities.
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