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1. Chemical Synthesis 

 

1.1 Synthesis of 3-formyl-4-hydroxybenzoic acid (compound 1) 

According to previous report (36), 4-Hydroxybenzoic acid (15 g; 108 mmol) was suspended in 

40 mL of trifluoroacetic acid. Hexamethylenetetramine (15.3 g; 109 mmol) was dissolved in 45 

mL of trifluoroacetic acid. Then the solution of hexamethylenetetramine was added dropwise 

into the suspension of 4-hydroxybenzoic. The mixture was refluxed for 2 hours. After cooling to 

room temperature, the mixture was added into 300 mL of 4 M HCl and stirred for another 3 h. 

The yellow precipitate was then isolated by filtration and washed by water. The yellow solid was 

dried under vacuum yielding 1 (5.77 g, 32%) without other purification. 1H NMR (400 MHz, 

DMSO-d6) δ (ppm): 12.83 (s, 1H), 11.47 (s, 1H), 10.36 -10.20 (m, 1H), 8.24 (d, J = 2.2 Hz, 1H), 

8.04 (dd, J = 8.7, 2.4 Hz, 1H), 7.09 (d, J = 8.6 Hz, 1H). 

 

1.2 Synthesis of N-Sucdnimidyt 3-Formyl-4-hydroxyhenzoate (compound 2) 

According to previous report (37), Compound 1 (800 mg, 4.8 mmol) was firstly dissolved in the 

minimal amount of DMF. Then the solution of compound 1 was added with the solution of N-

hydroxysuccinimide (828.2 mg, 7.2 mmol) in 1,4-dioxane at room temperature. A solution of 

DIC (1.115 mL) in dioxane was added into the mixture for 18h at room temperature. The white 

solid was removed by filtration, the solvent was removed by evaporation and purified by column 

chromatography (petroleum ether/EtOAc = 3/1) to provide compound 2 (972.19 mg, 77%). 1H 

NMR (400 MHz, DMSO-d6) δ (ppm): 12.04 (s, 0H), 10.29 (s, 1H), 8.31 (d, J = 2.3 Hz, 1H), 8.14 

(dd, J = 8.9, 2.2 Hz, 1H), 7.19 (d, J = 8.8 Hz, 1H), 2.85 (s, 4H). 

 

1.3 Synthesis of tert-butyl 2-((4-(((2,5-dioxopyrrolidin-1-yl)oxy)carbonyl)-2-

formylphenoxy)methyl)-5-nitrobenzoate (compound 3) 

Compound 2 (789.12 mg, 3.0 mmol) was suspended in acetone (15 mL) with tert-butyl 2-

(bromomethyl)-5-nitrobenzoate (945.03 mg, 3.0 mmol) and K2CO3 (414.6 mg, 3.0 mmol), the 



 

 

 

mixture was refluxed for 4 h. After cooling to room temperature, the solvent was removed by 

evaporation. The crude product was purified by column chromatography (petroleum 

ether/EtOAc = 3/1) to provide yellow solid as compound 3 (933.69 mg, 62.48 %). 1H NMR 

(400 MHz, DMSO-d6) δ (ppm): 10.43 (s, 1H), 8.62 (d, J = 2.6 Hz, 1H), 8.51 - 8.46 (m, 1H), 8.41 

(d, J = 10.1 Hz, 2H), 8.15 (d, J = 8.6 Hz, 1H), 7.55 (d, J = 8.8 Hz, 1H), 5.84 (s, 2H), 2.90 (s, 4H), 

1.55 (s, 9H). 

 

1.4 Synthesis of 4-((2-(tert-butoxycarbonyl)-4-nitrobenzyl)oxy)-3-(4-oxo-3,4-

dihydroquinazolin-2-yl)benzoic acid (compound 4) 

Compound 3 (273.97 mg, 0.55 mmol), 2-aminobenzamide (68.04 mg, 0.5 mmol) and CuCl2 

(67.23 mg, 0.5 mmol) were suspended in 10 mL MeOH. The mixture was refluxed for 6 h and 

then cooled to room temperature. White powder precipitate formed while cooling down. The 

precipitate was collected by filtration and washed with MeOH for three times. The dried powder 

was then dissolved in 10 mL DMF. NHS (172.64 mg, 1.5 mmol) and DIC (23 L) was added 

into the solution and stirred at 30 °C overnight. The mixture was extracted with EtOAc and 

purified by column chromatography (petroleum ether/EtOAc = 1/1) to give yellow powder 

(238.83mg, 77.78%). 1H NMR (400 MHz, DMSO-d6) δ (ppm): 12.48 (s, 1H), 8.59 (d, J = 2.5 

Hz, 1H), 8.42 (d, J = 2.4 Hz, 1H), 8.35 (dd, J = 8.6, 2.6 Hz, 1H), 8.31 (dd, J = 8.9, 2.4 Hz, 1H), 

8.19 (dd, J = 7.9, 1.6 Hz, 1H), 7.99 (d, J = 8.7 Hz, 1H), 7.88 (ddd, J = 8.4, 7.0, 1.6 Hz, 1H), 7.83 

- 7.76 (m, 1H), 7.62 - 7.56 (m, 1H), 7.48 (d, J = 8.9 Hz, 1H), 5.79 (s, 2H), 2.91 (s, 4H), 1.56 (s, 

9H).    

 

1.5 Synthesis of NQF and NQG 

1.5.1 Synthesis of NQF 

Compound 4 (64.4mg, 0.1mmol) was dissolved in 10 mL DMF. 3 e.q. dipeptide FF was 

dissolved in minimum amount of H2O with 3 e.q. DIEA. Then solution of compound 4 was 

added with peptide solution and stirred at 50 °C overnight. The mixture was extracted with 

DCM. The solvent of the combined organic phase was removed by evaporation and purified by 

column chromatography (DCM/MeOH = 15/1) to give compound 5a.  

Then the obtained 5a was dissolved in 5 mL cleavage solution (TFA/DCM/H2O = 90/5/5) and 

stirred at room temperature overnight. The solution was dropped into ice diethyl ether dropwise 

to give a white precipitate. NQF was collected by centrifuge and dried for further test. 

5a (44.38mg, 54.7%): 8.62 (d, J = 8.7 Hz, 1H), 8.57 (d, J = 2.5 Hz, 1H), 8.36 - 8.31 (m, 2H), 

8.21 - 8.15 (m, 2H), 8.01 - 7.94 (m, 2H), 7.88 (t, J = 7.9 Hz, 1H), 7.78 (d, J = 8.1 Hz, 1H), 7.57 

(t, J = 7.5 Hz, 1H), 7.33 (d, J = 7.6 Hz, 2H), 7.29 - 7.09 (m, 10H), 5.68 (s, 2H), 4.76 (d, J = 7.8 

Hz, 1H), 4.52 - 4.44 (m, 1H), 3.09 (dd, J = 13.8, 5.2 Hz, 2H), 3.01 - 2.92 (m, 2H), 1.54 (s, 9H). 

NQF (36.97mg, 89.5%): 8.67 (d, J = 2.5 Hz, 1H), 8.61 (d, J = 8.6 Hz, 1H), 8.36 - 8.29 (m, 2H), 

8.19 (dd, J = 8.4, 1.8 Hz, 2H), 7.95 (dd, J = 8.7, 2.4 Hz, 2H), 7.88 (ddd, J = 8.5, 7.1, 1.6 Hz, 1H), 

7.79 (d, J = 8.1 Hz, 1H), 7.61- 7.53 (m, 1H), 7.35 - 7.30 (m, 2H), 7.27 - 7.11 (m, 10H), 5.76 (s, 

2H), 4.82 - 4.71 (m, 1H), 4.48 (td, J = 8.2, 5.1 Hz, 1H), 3.09 (dd, J = 13.9, 5.0 Hz, 2H), 2.96 

(ddd, J = 14.0, 5.8, 3.1 Hz, 2H). 

 

1.5.2 Synthesis of NQG 

Compound 4 (64.4mg, 0.1mmol) was dissolved in 10 mL DMF. 3 e.q. dipeptides GG was 

dissolved in minimum amount of H2O with 3 e.q. DIEA. Then solution of compound 4 was 

added with peptides solution and stirred at 50 °C overnight. The mixture was subjected to semi 



 

 

 

preparative HPLC. The dried powder was dissolved in 5 mL cleavage solution (TFA/DCM/H2O 

= 90/5/5) and stirred at room temperature overnight and dropped into ice diethyl ether dropwise 

to give a white precipitate. NQG was collected by centrifuge and dried for further test. 

NQG(28.96mg, 50.35%): 12.42 (s, 1H), 8.84 (t, J = 5.9 Hz, 1H), 8.67 (d, J = 2.5 Hz, 1H), 8.33 

(dd, J = 8.7, 2.5 Hz, 1H), 8.30 (d, J = 2.3 Hz, 1H), 8.24 (t, J = 5.8 Hz, 1H), 8.18 (d, J = 1.5 Hz, 

1H), 8.08 (dd, J = 8.7, 2.4 Hz, 1H), 7.97 (d, J = 8.7 Hz, 1H), 7.88 (td, J = 7.7, 7.1, 1.6 Hz, 1H), 

7.79 (d, J = 8.1 Hz, 1H), 7.60 – 7.53 (m, 1H), 7.27 (d, J = 8.9 Hz, 1H), 5.77 (s, 2H), 3.92 (d, J = 

5.8 Hz, 2H), 3.78 (d, J = 5.8 Hz, 2H). 

 

  



 

 

 

2. Supporting Figures 

 

Fig. S1. MALDI-TOF mass spectrum of the peak with retention time = 15.44 min in Figure 3B. 

  



 

 

 

 

Fig. S2. Strain sweeps of the dynamic storage modulus (G’) and the loss modulus (G’’) of the 

HQF hydrogel. 

  



 

 

 

 

Fig. S3. Optical images w/o UV light and TEM images of NQF at different concentrations and 

incubated with NTR and NADH. (Scale bars: 200 nm) 

  



 

 

 

 
Fig. S4. Characterization of NQG (10 mM) incubated with NTR (10 g) and NADH (10 e.q.). 

Optical images of (A) NQG and (B) HQG. (C) Image of HQG under UV light. (D) HPLC trace 

of the reduction from NQG to HQG in vitro with the presence of NTR / NADH. (E) TEM 

images of HQG solution. (F) Frequency sweeps and (G) Strain sweeps of the dynamic storage 

modulus (G’) and loss modulus (G’’) of HQG solution.  

  



 

 

 

 

 
Fig. S5. HPLC trace of 1 mM NQF with different treatment (1 mM DTT, 1 mM GSH, 1 mM 

Cys, 2 g/ml NTR+ 10 e.q. NADH, 2 g/ml NTR +10 e.q. NADH + 500 M dicumarol) 

  



 

 

 

 
Fig. S6. The time-dependent accumulation of NTR produced by HeLa cells under hypoxic 

condition. 

  



 

 

 

 
Fig. S7. Fluorescence emission from HQF located at mitochondria by CLSM images. Green 

channel indicated the emission of HQF. Red channel indicated the MitoTracker staining. The 

merged channel indicated the overlay of green / red channel and bright field. (Scale bar: 40 m) 

  



 

 

 

 
Fig. S8. Absence of fluorescence in hypoxic HeLa cells in the presence of 500  dicoumarol. 

(Scale bar: 10 m) 

  



 

 

 

 
Fig. S9. CLSM images of HeLa cells treated with NQF under normoxic condition. (Scale bars: 

20 m) 

  



 

 

 

 
Fig S10. Corresponding DIC images of (A) E. coli and (B) F. nucleatum incubated with NQF. 

(Scale bars: 10 m). 

  



 

 

 

 
Fig. S11. Antibacterial activity of HQF assemblies against F. nucleatum. 

  



 

 

 

 
Fig. S12. Antibacterial effect of HQF assemblies after 24 h by spread plate of F. nucleatum. 

(Concentration unit, mM) 

  



 

 

 

 
Fig. S13. TEM images of F. nucleatum cells. The bacteria were incubated with (A-C) PBS and 

(D-I) HQF assemblies after 24 h. 

  



 

 

 

 
Fig. S14. SEM images of F. nucleatum cells treated with (A-C) PBS and (D-F) HQF assemblies. 

  



 

 

 

 
Fig. S15. Antibacterial activity of HQG (5 mM) and HQF (5 mM) against F. nucleatum after 24 

h. 

  



 

 

 

 
Fig. S16. Live/Dead staining of F. nucleatum cells treated with HQG solution. FM 4-64 staining 

(green) represented the live cells while PI (red) represented dead cells. 

  



 

 

 

 
Fig. S17. Cell viability of HT29 (left), HCT116 (medium) and CT26 (right) co-cultured with F. 

nucleatum at different MOIs. 

  



 

 

 

 

 
Fig S18. The effect of HQF on CRC cells viability under different treatments. 

  



 

 

 

 

 
Fig S19. TEM images of autophagosomes in HCT116 cells with different treatment for 6 h. Red 

arrows indicated the autophagosomes. (Scale bar: 1 m)  

  



 

 

 

 

 
Fig. S20. The influence of F. nucleatum in HCT116 tumor growth (A) without chemo agents and 

(B) with 7.5 mg/kg OXA treatment. 

  



 

 

 

 
Fig. S21. Optical image of dissected tumors in each group with stated treatments. (Scale bar: 10 

mm) 

  



 

 

 

 
Fig. S22. Representative data of tumors in different treatment groups. (A) The tumor growth in 

each group and (B) tumor weight. (C) Representative image of dissected tumors in each group. 

(Scale bar: 10 mm) 

  



 

 

 

 
Fig. S23. H&E staining of tumor tissues with different treatments. (Scale bars: 50 m) 

  



 

 

 

 
Fig. S24. H&E staining of typical major organs with different treatments. (Scale bars: 50 m) 

  



 

 

 

 
Fig S25. F. nucleatum positive values for panels in Fig 7G. 

  



 

 

 

 
Fig. S26. (A) FISH staining of F. nucleatum (red) in tumor tissues sections (blue). (B) F. 

nucleatum positive values for panels in (A). (Scale bar: 2 mm) 

  



 

 

 

3. 1H-NMR spectra 

 

 
Fig. S27. 1H-NMR of compound 1. 

  



 

 

 

 
Fig. S28. 1H-NMR of compound 2. 

  



 

 

 

 
Fig. S29. 1H-NMR of compound 3. 

  



 

 

 

 
Fig. S30. 1H-NMR of compound 4. 

  



 

 

 

 
Fig. S31.  1H-NMR of compound 5a. 

  



 

 

 

 
Fig. S32. 1H-NMR of NQF. 

  



 

 

 

 
Fig. S33. 1H-NMR of compound NQG. 

  



 

 

 

4. Supplementary Table 

Table S1. HPLC condition for the analysis of reduction reactions in Fig 3B. Fig 4E, Fig S4D 

and Fig S5. 

Time (min) Flow (mL/min) H2O (V %) CH3CN (V %) 

0.01 1.0 60 40 

20 1.0 30 70 

30 1.0 0 100 

35 1.0 60 40 
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