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Experimental Procedures 

General experimental procedures 

UV spectra were measured on a Waters 2998 PDA Detector [Waters Technology (Shanghai) Co., Ltd., 

Shanghai, China]. Semi-preparative reversed-phase high performance liquid chromatography (RP- 

HPLC) was performed using a Waters 1525 Binary HPLC pump equipped with a Waters 2489 

UV/visible detector [Waters Technology (Shanghai) Co., Ltd., Shanghai, China] and using a Welch 

Ultimate AQ-C18 column (250 × 10 mm, 5 μm) [Welch Technology (shanghai) Co., Ltd., Shanghai, 

China]. HRESIMS spectra were recorded on a Q-Exactive Focus Orbitrap MS (Thermo Electron, Bremen, 

Germany) connected to the Thermo Scientific Dionex Ultimate 3000 RS (Thermo Fisher Scientific, 

California, USA). NMR spectra were acquired using a Bruker 500 MHz or 600 MHz spectrometer 

(Bruker Corporation, Massachusetts, USA). The Chemical shifts in 1H NMR and 13C NMR spectra were 

referenced to the solvents for DMSO-d6 (δH 2.50 and δC 39.6) (Cambridge Isotope Laboratories, Inc., 

Massachusetts, USA). Column chromatography (CC) was carried out on silica gel (200–300 mesh, 

Yantai Jiangyou Silica Gel Development Co., Ltd., Yantai, China), RP-C18 (AAG12S50, YMC Co., Ltd., 

Kyoto, Japan), MCI GEL CHP20/P120 (Mitsubishi Chemical Group Corporation, Tokyo, Japan) . 

α-Glucosidase inhibition assay 

The inhibitory activity of compounds 3 and 4 against α-glucosidase [Sigma-Aldrich (Shanghai) 

Trading Co., Ltd., Shanghai, China, Product No. G5003] was investigated according to the method of 

Worawalai with a slight modification[1]. Those compounds were dissolved in DMSO (Shanghai 

Macklin Biochemical Technology Co., Ltd., Shanghai, China). α-glucosidase enzyme and 4-Nitrophenyl 

α-D-glucopyranoside (PNPG) (Shanghai Aladdin Biochemical Technology Co., Ltd., Shanghai, China) 

were dissolved in 0.1 M potassium phosphate buffer (Shanghai Aladdin Biochemical Technology Co., 

Ltd., Shanghai, China) (pH 6.8) independently. Four groups were set up, namely the test group with the 

test compound and the enzyme, control group with only the enzyme, sample group with only the test 

compound, and blank group without anything, while every group was added with potassium 

phosphate buffer and PNPG to build a reaction system of 200 L. In the test group, 10 L of α-

glucosidase (final concentration 0.1 U/mL), 130 L of phosphate buffer and 10 L of the test compounds 

were added into 96 well plates (Corning Incorporated, New York, USA), in succession. After incubated 

at 37 ℃ for 20 min, 50 L of PNPG (final concentration 1 mmol/L) was added into the mixture, followed 

by incubation at 37 ℃ for 40 min. Finally, 100 L of Na2CO3 (0.5 M) (Shanghai Aladdin Biochemical 
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Technology Co., Ltd., Shanghai, China) was added into the mixture to stop reaction. The enzymatic 

activity was quantified by measuring the absorbance at 405 nm using multi-mode microplate reader 

(BMG Labtech, Ortenberg, Germany). The inhibition percentage was calculated as follows: % of 

inhibition = [1-(As-At)/(Ac-Ab)] ×100%, where As is the absorbance of the sample group; At is the 

absorbance of the test group; Ac is the absorbance of the control group; Ab is the absorbance of the 

blank group. 

Antibacterial assay 

Compounds 3-4 were tested for antibacterial activity against methicillin-resistant Staphylococcus 

aureus (MRSA), Mycolicibacterium (Mycobacterium) smegmatis and Klebsiella pneumonia. The MICs were 

determined using broth dilution assay. The bacterial strains were cultured overnight and diluted to 106 

CFU/mL in Luria-Bertani (LB) broth [yeast extract (Thermo Scientific Oxoid, Massachusetts, USA), 

tryptone (Thermo Scientific Oxoid, Massachusetts, USA), NaCl (Sinopharm Chemical Reagent Co., Ltd., 

Shanghai, China)]. 3-4 were dissolved in DMSO, serially diluted to 10 different concentrations (64, 32, 

16, 8, 4, 2, 1, 0.5. 0.25, 0.125 μg/mL) using LB broth on the 96 well plate. Levofloxacin (Bide Pharmatech 

Ltd., Shanghai, China) was dissolved in DMSO, serially diluted to 10 concentrations (0.125–64 μg/mL) 

using LB broth on each 96 well plate. Then 100 μL LB broth containing compounds 3-4 or levofloxacin 

and 100 μL of bacterial solution were mixed per well. The plates were incubated at 37 °C for 18 h. 

Finally, 50 μL resazurin (Shanghai Macklin Biochemical Technology Co., Ltd., Shanghai, China) was 

added into each well to visualize the result. 3-4 and levofloxacin were tested in duplicate on each 96 

well plate. 

Molecular docking 

Molecular docking studies were performed to investigate the binding mechanism between the 

derivative diaporpyrone D (4) and the N-terminal subunit of Human Maltase-Glucoamylase in 

Complex with acarbose (PDB ID: 2QMJ) using Autodock vina 1.1.2 [2]. The AutoDockTools 1.5.6 

package[3,4] had been used for generating the docking input documents. The search grid of a-

glucosidase was identified as center_x: -20.21, center_y: -6.763, and center_z: -9.383 with dimensions 

size_x: 15, size_y: 15, and size_z: 15. Vina docking generally used default parameters unless otherwise 

indicated. The optimal scoring pose was determined by the Vina docking score and PyMOL 1.8 

software (https://www.pymol.org) was utilized to make visual analysis. 



5 

 

Molecular dynamic simulations  

Molecular dynamics simulations were performed using AMBER 18 software for simulation [5]. 

Before the simulation, the system was energy optimized, including the steepest descent method with 

2500 steps and the conjugate gradient method with 2500 steps. After the energy optimization of the 

system was completed, the temperature of the system was slowly increased from 0 K to 298.15 K by 

heating the system for 200 ps at a fixed volume and constant heating speed. Under the condition of the 

system maintenance temperature of 298.15 K, the NVT (isothermal isobody) system simulation was 

performed for 500 ps, so that the solvent molecules were further evenly distributed in the solvent box. 

Finally, the equilibrium simulation of the whole system was carried out for 500 ps in the case of NPT 

(isothermal and isopressure). Finally, the NPT (isothermal and isopressure) system simulation was 

carried out for 100 ns under periodic boundary conditions for the two composite systems. For 

simulations, the nonbonded cutoff distance was set to 10 Å, the Particle mesh Ewald (PME) method was 

used to calculate long-range electrostatic interactions[6],  the SHAKE method was used to limit the 

length of hydrogen atomic bonds[7],  and the Langevin algorithm was used for temperature control[8],  

where the collision frequency γ was set to 2 ps-1. The system pressure was 1 atm, the integration step 

was 2 fs, and the trajectories were saved at 10 ps intervals for subsequent analysis. 

MM/GBSA binding free energy calculation 

The binding free energies between protein and ligand for all systems were calculated by the 

MM/GBSA method [9–12]. Long time molecular dynamics simulation may not be conducive to the 

accuracy of MM/GBSA calculation[9], so in this study, the MD trajectory of 45-50 ns is used for 

calculation, and the specific formula is as follows: 

 
  

 
(1) 

In equation (1), denotes the internal energy, denotes the van der Waals action and denotes the 

electrostatic interaction. The internal energy includes the bond energy (Ebond), the Angle energy 

(Eangle) and the torsion energy (Etorsion). And are collectively referred to as solvation free energies. 

Here, GGB is the polar solvation free energy and GSA is the non-polar solvation free energy. For, this 

paper uses the GB model developed by Nguyen et al. [13]for calculation (igb = 2). The non-polar 

solvation free energy (GSA) was calculated based on the product of the surface tension (γ) and the 

solvent accessible surface area (SA), GSA= 0.0072 × SASA[14]. Entropy change is ignored in this study 

due to high computational resource consumption and low accuracy[9,10]. 
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Table S1 Logarithms of free binding energies (FBE, kcal/mol) of diaporpyrone D (4) and acarbose to the 

active cavities of α-glucosidase (PDB ID: 2QMJ) and targeting residues of the binding site located on the 

mobile flap. 

 

compound -log (FBE) targeting residues 

Diaporpyrone D -5.4 TYR-299, TRP-406, HIS-600 

Acarbose -5.5 
TYR-299, ASP-443, ASP327, 

        ARG-526, TRP-406, GLN-603 
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Table S2 Binding free energies and energy components predicted by MM/GBSA (kcal/mol). 

 

System α-glucosidase/Acarbose α-glucosidase/Diaporpyrone_D 

ΔEvdW -30.55±2.59 -21.49±2.31 

ΔEelec -513.80±8.88 232.65±7.13 

ΔGGB 513.98±8.70 -230.34±4.35 

ΔGSA -6.22±0.18 -3.87±0.05 

ΔGbind -36.59±3.30 -23.06±3.77 

ΔEvdW: van der Waals energy. 

ΔEelec: electrostatic energy. 

ΔGGB: electrostatic contribution to solvation. 

ΔGSA: non-polar contribution to solvation. 

ΔGbind: binding free energy. 
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Figure S1 1H NMR spectrum of 3 in DMSO-d6 (500 MHz)  
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Figure S2 13C NMR spectrum of 3 in DMSO-d6 (125 MHz) 
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Figure S3 DEPT-90 spectrum of 3  
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Figure S4 DEPT-135 spectrum of 3  
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Figure S5 HSQC spectrum of 3  
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Figure S6 HMBC spectrum of 3 
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Figure S7 1H-1H COSY spectrum of 3  
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Figure S8 NOESY spectrum of 3 
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Figure S9 HRESIMS spectrum of 3 

PHY35_20230701200215 #760 RT: 3.71 AV: 1 NL: 1.87E8
T: FTMS + p ESI Full ms [100.0000-1500.0000]

100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500

m/z

0

5

10

15

20

25

30

35

40

45

50

55

60

65

70

75

80

85

90

95

100

R
e
la

ti
v
e
 A

b
u
n
d
a
n
c
e

183.06487

371.10059262.03812 466.06384 645.27094 776.96930

 

 



17 

 

Figure S10 UV spectrum of 3  
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Figure S11 1H NMR spectrum of 4 in DMSO-d6 (600 MHz) 
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Figure S12 13C NMR spectrum of 4 in DMSO-d6 (150 MHz) 
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Figure S13 DEPT-135 spectrum of 4 
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Figure S14 HSQC spectrum of 4 
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Figure S15 HMBC spectrum of 4 
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Figure S16 1H-1H COSY spectrum of 4 
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Figure S17 HRESIMS spectrum of 4 
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Figure S18 UV spectrum of 4 
6.845 峰 1
193.5

221.8

303.6

A
U

0.00

0.20

0.40

0.60

0.80

纳米
200.00 250.00 300.00 350.00 400.00 450.00 500.00 550.00 600.00 

 

No. Wavelength (nm) Abs 

1 193.5 0.860 

2 221.8 0.200 

3 303.6 0.319 

 

 

 

 

 

 



26 

 

Figure S19 Structures of diaporpyrones A-D (S1-S4) isolated from endophilic fungus strain Diaporthe sp. 

CB10100.  
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Figure S20 Docking poses and interactions of acarbose with α-glucosidase (PDB ID: 2QMJ).  
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Figure S21 96 well plate assay of 3-4 against MRSA (A), Mycolicibacterium (Mycobacterium) smegmatis (B) 

and Klebsiella pneumonia (C) using the microbroth dilution method. 
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