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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 umol/L by the buffer solution, respectively. 100 uL 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 umol/L) was plated
in 96-well microassay culture plates, and then 100 pL of Na,COj; 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 (Kjiqpe) 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-
a-glycopyranoside, or f-D-glycopyranoside, or o-nitro-phenyl-a- 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 pL of the citric acid-phosphate buffer (pH 5.5, 0.1 mmol) was added to
the 96-well plates, then 10 pL of a-mannosidase (0.2U/mL) was added to per well.
After that, various concentrations of PBI-DNJ (20 pL of 5, 10, 20, 40, 80 and 160
umol/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 umol/L. The mixture was well mixed for 3 min, and incubated at 37
°C in a 5% CO; incubator for 10 min. Then, reaction substrates of 4-nitrophenyl o-D-
mannopyranoside (50 uL 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% CO, incubator for 20 min. At last, 100 uL. of
Na,COs; (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 Kjope With the changes of the absorption intensity for the experimental
blank group and experimental group, then the reaction speed of PNP with o-
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 o-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 K; value of PBI-DNJ with a-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 K; 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 K; values of PBI-DNJ against the other glycosidases were obtained by the
similar method. 20 pL of the citric acid-phosphate buffer (pH 5.5, 0.1 mmol) was added
to the 96-well plates, then 10 puL of a-galactosidase (0.2U/mL), or a-glucosidase (50
U/mL), was added to per well. After that, various concentrations of PBI-DNJ (20 uL
of 100, 200, 400, 600 and 800 pmol/L for a-galactosidase activity; or 20 puL of 10, 20,
40 and 80 umol/L for a-glucosidase activity) were added to the 96-well plates for the
final concentrations of a-galactosidase activity (0, 10, 20, 40, 60 and 80 umol/L) and
a-glucosidase activity (0, 1, 2, 4 and 8 pmol/L). The mixture was well mixed for 3 min,
and incubated at 37 °C in a 5% CO, incubator for 10 min. Then, 50 pL of the reaction
substrates (0.5, 1.0, 2.0, 4.0, 8.0 and 16.0 mmol/L) for 4-nitrophenyl a-D-
galactopyranoside, or 4-nitrophenyl a-D-glucopyranoside were added, mixed for 3
min, and incubated at 37 °C in a 5% CO, incubator for 20 min. At last, 100 pL of
Na,COs; (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 HCI (2 mol-L!) or NaOH (1 mol-L!). PBI-DNJ was dissolved in water
at the pH value of 6.69 under the concentration of 1 x 10 M. 0.27 mL of HCI (2
mol-L") solution was dropped to the PBI-DNJ solution, the final pH value was 3.01.
On the other hand, 30 uL of NaOH (1 mol-L!) 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 x 10* 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 G*> 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 x 103 cells per well)
and grown overnight at 37 °C in a 5% CO, incubator. Compound PBI-DNJ was then
added to the wells to achieve final concentrations ranging from 107 to 10* 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% CO, incubator for 48 h. Upon completion of the incubation, stock MTT dye solution
(20 pL, 5 mg/uL) was added to each well. After 4 h incubation, Dimethyl Sulfoxide
(DMSO, 150 pL) 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-
o- or f-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 °C, the reaction was
quenched by addition of 1 M Na,COs;. The absorbance of the reaction mixture was
determined at 405 nm with a microplate spectrophotometer. The K; 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-H,O, 1 x 10° M, Ay = 490 nm, a) and

concentration-dependent (A, = 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
x 108 M, 1 x 107 M, 1 x 10 M and 1 x 105 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) (¢), 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 K; determination of PBI-DNJ against a-mannosidase

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

niger, c).
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Fig. S6 Lineweaver-Burk plot for K; determination of miglitol against a-mannosidase
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Table S1. Glycosidase inhibitory activities (K;, uM) of PBI-DNJ and the other
multivalent glycosidase inhibitors reported in references against a-mannosidase (jack

bean).
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Monomer DNJ

PBI-DNJ/Monomer DNJ
PBI-DNJ/Monomer DNJ
Porphyrin-DNJI')/Monomer DNJ
Fullerene-12DNJBl/Monomer DNJ
ICDCs*/Monomer DNJ
Fullerene-120DNJ/Monomer DNJ
Fullerene-108DNJ/Monomer DNJ
Cyclopeptoid-36DNJ)/Monomer DNJ
Cyclopeptoid-48DNJ)/Monomer DNJ

Copolymer-DNJU"//Monomer DNJ

0.038/40011]
0.038/27012]
0.5/400
0.15/322
0.022/322
0.0018/204
0.0072/204
0.0011/188
0.0011/188
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[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! of body weight) was orally administered to mice along with miglitol (0.5 and

1.0 mg-kg! 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.



Control 0.5 mg-kg! 1.0 mg-kg!

NO.
(Maltose) (PBI-DNJ) (PBI-DNJ)
1 17 g 17 g 17 g
Before of 2 17¢g 17¢g 17¢g
oral sugar 3 17 g 17 g 17 g
tolerance test 4 18 g 17 g 18 ¢
5 18 g 17 g 18 g
1 19¢g 19¢g 19¢g
After of oral
2 22¢g 2l g 28 ¢
sugar
3 18 ¢ 18 ¢ 22 ¢
tolerance test
4 18 g 18 ¢ 18 ¢
for 7 days
5 19¢g 19¢g 19¢g

S3. Additional Figures of the NMR and HRMS
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Fig. S8 'H NMR of compound 3 (CDCl;, 600 MHz).
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Fig. S9 13C NMR of compound 3 (CDCl3, 100 MHz).
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Peking University Mass Spectrometry Sample Analysis

Report

Analysis Info

Acquisition Date

Analysis Name FTICR-17060011-3_0_H21_000003.d

6/23/2017 5:07:37 PM

Sample Hbu-3 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens, FTICR-17060011-3_0_H21_000003.d: +Ms|
x107 1+
3.0 941.30359
254
20 i
96328544
|
1.09 ‘
0.5+
939.28799 949.43418
! 951.52466 957.18049 1 969.83341
0.0 Lesubid bt s rstutaopeo gyt kst oy i bt i M Pl et bt 0 Ao el . A0 e sl P g s by
940 945 950 955 960 965 870 miz
FTICR-17060011-3_0_H21_000003.d: +MS
Meas. m/z _# lon Formula Score miz_ err m] Mean err m] mSigma rdb e Conf N-Rule
941.303587 1 C54H45N4012 100.00 941.302849 -3.1 1934 350 even ok
963.285441 1 C54H44N4NaO12 100.00 963.284794 -0.7 -2.0 86.7 35.0 even ok

Fig. S10 HRMS of compound 3.
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Fig. S12 3C NMR of compound 4 (CDCl;, 150 MHz).
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Fig. S14 '"H NMR of compound PBI-AcDNJ (CDCl;, 600 MHz).
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Fig. S15 3C NMR of compound PBI-AcDNJ (CDCl;, 100 MHz).

Peking University Mass Spectrometry Sample Analysis Report

Analysis Info

Analysis Name FTICR-17060011-4_0_H24_000003.d Acquisition Date 6/26/2017 10:14:41 AM
Sample Hbu-4 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17060011-4_0_H24_000003.d: +MS|
x107 1+
2.0 3428.37521
1+
3427.37056
1+
15 3429.37690
1+
342635466
1.0
1+
3430.37407
0.5
3431.40237
ool 3 . . e s ey (e S . . . d
3422 3424 3426 3428 3430 3432 3434 3436 miz

FTICR-17060011-4_0_H24_000003.d: +MS

Meas. m/z # lon Formula Score miz__err [ppm] Mean err [ppm] mSigma rdb e~ Conf N-Rule
3426.354657 1 C156H201N28060 100.00 3426.353232 -0.4 -35 487 710 even

Fig. S16 HRMS of compound PBI-AcDNJ.
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Fig. S18 '3C NMR of compound PBI-DNJ (DMSO-ds, 100 MHz).
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Peking University Mass Spectrometry Sample Analysis Report

Analysis Info
Analysis Name FTICR-17060011-5_000008.d Acquisition Date 6/30/2017 4:25:00 PM

Sample Hbu-5 Instrument Bruker Solarix XR FTMS
Comment Operator Peking University
Intens. FTICR-17060011-5_000008.d: +MS5|
x107
1210.05469
25 |
2.0
1209.55464 121055603
1.5
o] 1213.07488
1211.05902
0.5
1209.5 1210.0 1210.5 1211.0 1211.5 1212.0 12125 1213.0 miz
Meas. m/iz_# lon Formula Score miz__err [ppm] Mean err [ppm] mSigma rdb e~ Conf N-Rule
1209.554638 1 C108H154N28036 100.00 1209553478 -1.0 -0.4 70.0 470 even ok

Fig. S19 HRMS of compound PBI-DNJ.
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