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S1. Experimental section

Determination of the standard curve of p-nitrophenol (PNP) in the citric acid-

phosphate buffer (pH 5.5, 0.1 mmol), in the citric acid-phosphate buffer (pH 6.8, 

0.1 mmol), and in the citric acid-phosphate buffer (pH 7.3, 0.1 mmol).

p-Nitrophenol (PNP) (13.9 mg, 0.1 mmol) was dissolved in 5 mL of the citric acid-

phosphate buffer (pH 5.5, 0.1 mmol) or the PBS buffer (pH 6.8, 0.1 mmol), or the PBS 

buffer (pH 7.3, 0.1 mmol), the final concentration was 20 mmol/L, and then which was 

diluted to the final concentrations of 0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128.0 and 

256.0 μmol/L by the buffer solution, respectively. 100 μL of the above standard 

solutions (0.5, 1.0, 2.0, 4.0, 8.0, 16.0, 32.0, 64.0, 128.0 and 256.0 μmol/L) was plated 

in 96-well microassay culture plates, and then 100 μL of Na2CO3 solution was added, 

the plates were mixed for 3 min. The optical density of each well was then measured 

on a microplate spectrophotometer at a wavelength of 405 nm. The reaction dynamics 

of the standard curve of p-nitrophenol (PNP) or o-Nitrophenol (ONP) were fitted by 

line formula (y = Ax + B), the slopes (Kslope) were obtained.
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Glycosidase Inhibitory Activities of PBI-DNJ

Inhibition assay was determined by spectrophotometrically measuring the residual 

hydrolytic activities of the different glycosidases against the respective p-nitro-phenyl-

α-glycopyranoside, or β-D-glycopyranoside, or o-nitro-phenyl-α- glycopyranoside, in 

the presence of the assemblies of PBI-DNJ or the control drug. The glycosidase 

inhibitory activities of PBI-DNJ were performed in 96-well microassay culture plates 

with blank group, control group, experimental blank group and experimental group, 3 

parallel experiments for per group.

Firstly, 20 μL of the citric acid-phosphate buffer (pH 5.5, 0.1 mmol) was added to 

the 96-well plates, then 10 μL of -mannosidase (0.2U/mL) was added to per well. 

After that, various concentrations of PBI-DNJ (20 μL of 5, 10, 20, 40, 80 and 160 

μmol/L) were added the 96-well plates for the final concentrations of 0, 0.5, 1.0, 2.0, 

4.0, 8.0 and 16.0 μmol/L. The mixture was well mixed for 3 min, and incubated at 37 

C in a 5% CO2 incubator for 10 min. Then, reaction substrates of 4-nitrophenyl -D-

mannopyranoside (50 μL of 0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 mmol/L) were added, mixed 

for 3 min, and incubated at 37 C in a 5% CO2 incubator for 20 min. At last, 100 μL of 

Na2CO3 (1 mol/L) was added, mixed for 3 min. The absorbance of the reaction mixture 

was determined at 405 nm with a microplate spectrophotometer. 

   According to the standard curves of p-nitrophenol (PNP) in the citric acid-phosphate 

buffer (pH 5.5, 0.1 mmol), the inhibition concentration of PNP was obtained by 

coupling of the Kslope with the changes of the absorption intensity for the experimental 

blank group and experimental group, then the reaction speed of PNP with -

mannosidase was obtained by against the reaction time. The reaction speed (V) was 

obtained by the concentration of PNP against the reaction time (20 min). Then plot of 

1/V against 1/S, the slopes of various concentrations of PBI-DNJ were obtained. The 

V was the reaction speed of PNP with -mannosidase in presence of various 

concentrations of PBI-DNJ. The S was the concentrations of PNP added in the 96-well 

plates. After that, the Ki value of PBI-DNJ with -mannosidase was obtained by plot 

of the concentrations of PBI-DNJ against the slopes obtained by the above results by 

the Lineweaver-Burk method. The Ki values and enzyme inhibition mode were obtained 
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from the slope of Linewaver-Burk plots and double reciprocal analysis using Origin 

8.0. 

The Ki values of PBI-DNJ against the other glycosidases were obtained by the 

similar method. 20 μL of the citric acid-phosphate buffer (pH 5.5, 0.1 mmol) was added 

to the 96-well plates, then 10 μL of -galactosidase (0.2U/mL), or α-glucosidase (50 

U/mL), was added to per well. After that, various concentrations of PBI-DNJ (20 μL 

of 100, 200, 400, 600 and 800 μmol/L for -galactosidase activity; or 20 μL of 10, 20, 

40 and 80 μmol/L for -glucosidase activity) were added to the 96-well plates for the 

final concentrations of -galactosidase activity (0, 10, 20, 40, 60 and 80 μmol/L) and 

-glucosidase activity (0, 1, 2, 4 and 8 μmol/L). The mixture was well mixed for 3 min, 

and incubated at 37 C in a 5% CO2 incubator for 10 min. Then, 50 μL of the reaction 

substrates (0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 mmol/L) for 4-nitrophenyl -D-

galactopyranoside, or 4-nitrophenyl -D-glucopyranoside were added, mixed for 3 

min, and incubated at 37 C in a 5% CO2 incubator for 20 min. At last, 100 μL of 

Na2CO3 (1 mol/L) was added, mixed for 3 min. The absorbance of the reaction mixture 

was determined at 405 nm with a microplate spectrophotometer.

TEM Measurements. 

The solution of PBI-DNJ under different pH values in TEM experiment was 

corrected by HCl (2 mol·L-1) or NaOH (1 mol·L-1). PBI-DNJ was dissolved in water 

at the pH value of 6.69 under the concentration of 1 × 10-4 M. 0.27 mL of HCl (2 

mol·L-1) solution was dropped to the PBI-DNJ solution, the final pH value was 3.01. 

On the other hand, 30 μL of NaOH (1 mol·L-1) solution was dropped to the PBI-DNJ 

solution, the final pH value was 6.99. The pH value of the solution was determined by 

a pH meter. A 1.0  104 M of PBI-DNJ solution under the pH values of 3.0 and 7.0 

was dropped onto a copper grid. The grid was then air-dried for 2 days. The samples 

were examined by a high-resolution TEM (Tecnai G2 F20 (FEI)) operating at an 

accelerating voltage of 200 keV. 

Cell Viability Assay. 

Compound PBI-DNJ was dissolved in PBS buffer and diluted to the required 

concentration with culture medium. The cytotoxicity was studied by a MTT assay. 
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Briefly, cells were plated in 96-well microassay culture plates (7.0  103 cells per well) 

and grown overnight at 37 C in a 5% CO2 incubator. Compound PBI-DNJ was then 

added to the wells to achieve final concentrations ranging from 10–7 to 10–4 M. Wells 

containing culture medium without cells were used as control blanks; wells containing 

culture medium was used as positive control. The plates were incubated at 37 C in a 

5% CO2 incubator for 48 h. Upon completion of the incubation, stock MTT dye solution 

(20 μL, 5 mg/μL) was added to each well. After 4 h incubation, Dimethyl Sulfoxide 

(DMSO, 150 μL) was added to solubilize the MTT formazan. The optical density of 

each well was then measured on a microplate spectrophotometer at a wavelength of 490 

nm.

General Procedures for Glycosidase Inhibition Assay. 

Inhibition assay was determined by spectrophotometrically measuring the residual 

hydrolytic activities of the different glycosidases against the respective p-nitro-phenyl-

α- or β-D-glycopyranoside, in the presence of the assemblies of PBI-DNJ or the control 

drug. The reactions were initiated upon addition of glycosidase enzymes to the solutions 

of the substrates in the absence or presence of various concentrations of glycosidase 

inhibitors. After the mixture was incubated for 10~30 min at 37 ºC, the reaction was 

quenched by addition of 1 M Na2CO3. The absorbance of the reaction mixture was 

determined at 405 nm with a microplate spectrophotometer. The Ki values and enzyme 

inhibition mode were obtained from the slope of Linewaver-Burk plots and double 

reciprocal analysis using Origin 8.0.

S2. Additional Figures and Table
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Fig. S1 Solvent-dependent (DMSO-H2O, 1 × 10-5 M, λex = 490 nm, a) and 

concentration-dependent (λex = 500 nm, b) fluorescence spectra of PBI-DNJ in water. 
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Fig. S2 Self-assembled dynamic plots of PBI-DNJ in water at the concentrations of 1 

 10-8 M, 1  10-7 M, 1  10-6 M and 1  10-5 M.
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Fig. S3 Cell survival rate of PBI-DNJ against HKC 60 cells at different concentrations.
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Fig. S4 The standard curves of p-nitrophenol (PNP) in the citric acid-phosphate buffer 

(pH 5.5, 0.1 mmol) (a), in the PBS buffer (pH 6.8, 0.1 mmol) (b) and in the PBS buffer 

(pH 7.3, 0.1 mmol) (c), and (d) the standard curve of o-nitrophenol (ONP) in the PBS 

buffer (pH 7.3, 0.1 mmol).
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Fig. S5 Lineweaver-Burk plot for Ki determination of PBI-DNJ against α-mannosidase 

(Jack bean, a), -galactosidase (green coffee beans, b) and α-glucosidase (aspergillus 

niger, c).

Fig. S6 Lineweaver-Burk plot for Ki determination of miglitol against α-mannosidase 

(Jack bean, a) and α-glucosidase (aspergillus niger, b).

Table S1. Glycosidase inhibitory activities (Ki, μM) of PBI-DNJ and the other 
multivalent glycosidase inhibitors reported in references against α-mannosidase (jack 
bean).

Glycosidase Ki (μM) valency RIP[a] RIP/n[b]
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Monomer DNJ 1 1 1

PBI-DNJ/Monomer DNJ 0.038/400[1] 6 10526 1754

PBI-DNJ/Monomer DNJ 0.038/270[2] 6 7105 1184

Porphyrin-DNJ[1]/Monomer DNJ 0.5/400 4 800 200

Fullerene-12DNJ[3]/Monomer DNJ 0.15/322 12 2147 179

ICDCs[4]/Monomer DNJ 0.022/322 14 8546 610

Fullerene-120DNJ[5]/Monomer DNJ 0.0018/204 120 113333 944

Fullerene-108DNJ[5]/Monomer DNJ 0.0072/204 108 28333 262

Cyclopeptoid-36DNJ[6]/Monomer DNJ 0.0011/188 36 170909 4747

Cyclopeptoid-48DNJ[6]/Monomer DNJ 0.0011/188 36 170909 3560

Copolymer-DNJ[7]/Monomer DNJ 0.15/516 25 3440 206
[a] Relative inhibition potency over Monomer DNJ.
[b] Relative inhibition potency over Monomer DNJ/per DNJ unit.
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Fig. S7 The hypoglycaemic effects of miglitol on blood glucose level in mice, maltose 

(2 g·kg-1 of body weight) was orally administered to mice along with miglitol (0.5 and 

1.0 mg·kg-1 of body weight). Each value represents the mean  SEM (n = 5), p < 0.05 

vs. the control results.

Table S2. The body weight before and after oral sugar tolerance test in mice for 7 days. 
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NO.
Control 

(Maltose)

0.5 mg·kg-1 

(PBI-DNJ)

1.0 mg·kg-1 

(PBI-DNJ)

1 17 g 17 g 17 g

2 17 g 17 g 17 g

3 17 g 17 g 17 g

4 18 g 17 g 18 g

Before of 

oral sugar 

tolerance test

5 18 g 17 g 18 g

1 19 g 19 g 19 g

2 22 g 21 g 28 g

3 18 g 18 g 22 g

4 18 g 18 g 18 g

After of oral 

sugar 

tolerance test 

for 7 days
5 19 g 19 g 19 g

S3. Additional Figures of the NMR and HRMS 

Fig. S8 1H NMR of compound 3 (CDCl3, 600 MHz).
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Fig. S9 13C NMR of compound 3 (CDCl3, 100 MHz).

Fig. S10 HRMS of compound 3.
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Fig. S11 1H NMR of compound 4 (CDCl3, 600 MHz).

Fig. S12 13C NMR of compound 4 (CDCl3, 150 MHz).
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Fig. S13 MS (ESI) of compound 4.

Fig. S14 1H NMR of compound PBI-AcDNJ (CDCl3, 600 MHz).
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Fig. S15 13C NMR of compound PBI-AcDNJ (CDCl3, 100 MHz).

Fig. S16 HRMS of compound PBI-AcDNJ.
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Fig. S17 1H NMR of compound PBI-DNJ (DMSO-d6, 600 MHz).

Fig. S18 13C NMR of compound PBI-DNJ (DMSO-d6, 100 MHz).
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Fig. S19 HRMS of compound PBI-DNJ.
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