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Figure S1. GO assay curve. 
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Figure S2. The picture of the experimental set-up. 

Figure S3. HPLC chromatogram of the reaction mixture. 



0 1 2 3 4
0

20

40

60

80

100

H
M

FC
A 

yi
el

d 
(%

)

Time (h)

 in the presence of Cu2+
 in the absence of Cu2+

Figure S4. Effect of 1 mM Cu2+ on the HMFCA synthesis by E. coli_VDH1_NOX cells. 
Reaction conditions: 20 mM HMF, 30 mg/mL E. coli_VDH1_NOX, 1 mM CuCl2, 2 mL 
phosphate buffer (200 mM, pH 7), 30 °C, 150 r/min. 

4 8
0

20

40

60

80

100

C
on

ve
rs

io
n 

(%
)

Time (h)

Figure S5. Enzymatic oxidation of HMFCA by GO M3-5 CFE. Reaction conditions: 50 mM 
HMFCA, 0.25 U/mL GO M3-5 CFE, 0.05 mg/mL HRP, 0.1 mg/mL catalase, 0.5 mM CuCl2, 2 
mL phosphate buffer (200 mM , pH 7), 150 r/min, 30 °C. 
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Figure S6. Oxidation of HMF into FDCA by GO M3-5 and a high loading of E. coli_VDH1-
NOX cells. Reaction conditions: 20 mM HMF, 0.5 U/mL GO M3-5 CFE, 0.05 mg/mL HRP, 
0.1 mg/mL catalase, 0.5 mM CuCl2, 20 mg/mL E. coli_VDH1_NOX (cell wet weight), 2 mL 
phosphate buffer (200 mM, pH 7), 30 °C, 150 r/min. 
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Figure S7. Oxidation of HMF into FDCA by GO M3-5 and E. coli_VDH1-NOX cells in the 
presence of 0.1 mM CuCl2. Reaction conditions: 20 mM HMF, 0.5 U/mL GO M3-5 CFE, 
0.05 mg/mL HRP, 0.1 mg/mL catalase, 0.1 mM CuCl2, 20 mg/mL E. coli_VDH1_NOX (cell 
wet weight), 2 mL phosphate buffer (200 mM, pH 7), 30 °C, 150 r/min. 



Figure S8. HPLC analysis of the crude product. 
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