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ABSTRACT: 
In our previous study, aurone compound were found in the n-butanol fraction of Sterculia quadrifida leaves. The 

aurone compound (compound 1) had high cytotoxic activity in cell lines with IC50 values of 4.05, 12.53, 15.38, 

and 25.91 μg/mL in 4T1, MCF7, MDA-MB-435, T47D, respectively. In this study, we performed the MMP-9 

enzyme inhibition test with FRET assay, and to deepen the mechanism of action of the compounds use 

molecular docking and molecular dynamics. The results showed that compound 1 had the MMP-9 enzyme 

inhibition of 91.23% and IC50 48.27%. Furthermore, molecular docking and molecular dynamic simulation 

suggest compound 1 interacts firmly and stably at the enzyme catalytic site. In conclusion, this study can provide 

important information on the development of herbal medicines that are potentially cancer drugs. 
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INTRODUCTION: 
Breast cancer is cancer that causes the most deaths in 

women, with 1.2 million cases per year1. Breast cancer 

is part of society's problems that require primary and 

secondary prevention globally2. Early detection and 

treatment can reduce the risk of death from breast 

cancer3. The main cause of death and failure of breast 

cancer treatment is distant metastasis4. Triple-negative 

breast cancer has a close relationship with the metastatic 

process in breast cancer because it has a high invasive 

character and very high metastatic potential5. The 

process of metastatic cancer cells has a close 

relationship with protease enzymes secreted by cancer 

cells, one of which is the matrix metalloprotease 

enzyme6. MMP-9 has been reported as a potentially 

useful biomarker for the aggressive subtype of breast 

cancer7.  
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Currently, few drugs are used to inhibit MMP-9 

selectively; therefore, it is necessary to explore chemical 

compounds to look for drugs that selectively inhibit the 

MMP-9 enzyme. 

 

In our previous work, the compound (2E)‐2‐[(3,4-

dihydroxy phenyl)(hydroxy)methylidene]‐4,6‐dihydroxy 

‐2,3‐dihydro‐1-benzofuran‐3‐one (compound 1) has 

been isolated aurone compounds (Figure 1). Compound 

1 was isolated from the n-butanol fraction from the 

leaves of Sterculia quadrifida. Compound 1 are reported 

to have high antioxidant, antibacterial, and cytotoxic 

activities. The antioxidant assay results showed IC50 

values of 46.36, 38.41, 37.85, and 20.50 μg/mL in the 

DPPH, ABTS, NO, and H2O2 assays, respectively. Then, 

the antibacterial assay results showed IC50 values of 

23.38, 26.22, 58.45, 100.92, 103.14, and 193.98 μg/mL 

in P. aureginosa, H. pylori, S. bovis, S. aureus, S. thypi, 

E. coli, respectively. After that, the cytotoxicity assay 

showed IC50 values of 4.05, 12.53, 15.38, and 25.91 

μg/mL in 4T1, MCF7, MDA-MB-435, T47D, 

respectively. In addition, when viewed from the 
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selectivity index (SI), the SI value in cell 4T1 is 10.68, 

cell MCF7 is 3.45, and cell MDA-MB-435 is 2.81. 

Compound 1 was proven to be non-toxic to Vero cells 

(normal cells) because the SI value was >2. 4T1 cells are 

triple-negative breast cancer; interestingly, the cytotoxic 

test results of compound 1 in 4T1 cells showed very 

high test results and had the potential to be tested on 

MMP-9 enzymes8. 

 

As a continuation of our previous research, this present 

study, an in-vitro test against MMP-9 based on 

Fluorescence Resonance Energy Transfer (FRET) assay 

was carried out based on the results of the cytotoxic test 

of aurone compounds on 4T1 and MDA-MB-435 cells, 

which represent breast cancer cells with the type triple-

negative breast cancer. First, the test aimed to find the 

ability of the compound 1 to inhibit the MMP-9 enzyme 

in the hope of inhibiting the metastatic process of breast 

cancer cells. Then, an investigation was carried out 

using molecular docking and molecular dynamic 

simulation to explore the mechanism of the compound 1 

at the active site of the MMP-9 enzyme. 

 

 
Figure 1. Chemical structure of compound 1 isolated from n-

butanol fraction of S. quadrifida leaves 

 

MATERIALS AND METHODS:  
Materials: 

Chemicals: 

The aurone compounds (compound 1): (2E)‐2‐[(3,4-

dihydroxy phenyl)(hydroxy)methylidene]‐4,6‐dihydroxy 

‐2,3‐dihydro‐1-benzofuran‐3‐one were obtained from 

previous studies. The MMP9 enzyme kit was obtained 

from BioVision and comprised of lyophilized MMP-9, 

FRET-based MMP-9 substrate (Mca-Pro-Leu-Gly-Leu-

Dpa-Ala-Arg), MMP-9 assay buffer, and NNGH 

inhibitor (N-isobutyl-N- (4- methoxyphenylsulfonyl)-

glycyl hydroxyamic acid) as its positive control.  

 

Software and hardware: 

PEX9 1ITV were downloaded from the Protein 

Databank (PDB,www.rcsb.org), the molecular docking 

used Autodock Vina embedded in Pyrx 0.9.9 and the 

output was visualized using Biovia Discovery Studio 

2016 (www.accelrys.com) and PyMol 

(www.pymol.org). An Lenovo laptop with Core i5 

processor on a Windows 10 operating system with 8 GB 

RAM and 500 GB Hard Disk was the hardware. 

 

Methods: 

In vitro MMP-9 inhibition assay: 

Lyophilized MMP-9 enzyme was reconstituted with 110 

µL 30% glycerol in deionized water. Then, 550 µL of 

buffer for the enzyme was added, and it was ready for 

use. The sample was prepared by dissolving it in 1 µL 

DMSO to obtain a stock concentration of 20.000 µg/mL 

(ppm) in a microtube. The final concentration of DMSO 

in the well-plate was 1%. Blanks were prepared by 

adding 100 µL of the MMP-9 test kit buffer to a 96-well 

plate. Then, 44 µL of MMP-9 test buffer was added, 1 

µL compound solution, and 5 µL of MMP-9 enzyme 

were added. The final concentration of the sample in the 

well was 200 µg/mL. Solvent control was made by 

taking 40 µL of MMP-9 test buffer, 5 µL of solvent used 

(ethanol), and 5 µL of MMP-9 enzyme. Negative control 

was made by pipetting 45 µL of MMP-9 test kit buffer 

and 5 µL of MMP-9 enzyme in wells. The positive 

control consisted of 43 µL of MMP-9 test buffer, 2 µL 

of NNGH, and 5 µL of MMP-9 enzyme. Samples, 

blanks, solvent control, negative control, and positive 

control were incubated for 30 minutes at 37°C. After 

incubation, 1 µL of FRET-based peptide MMP-9 

substrate and 49 µL buffer was added to the sample, 

solvent control, negative control, and positive control 

followed by incubation for 60 minutes at 37°C. 

Fluorescence was then read using Microplate Reader at 

325/393 nm8. 

 

Molecular docking: 

The crystal structure of PEX9 was downloaded from the 

Protein Data Bank (PDB) with PDB ID 1ITV. Sulfate 

ion was used as the native ligand. The sulfate ion 

separated from PEX9 using PyMol. Polar hydrogen 

were retained with Kollman charges. Docking was 

performed with AutoDock Vina embedded in the PyRx 

0.9.9 program with a grid (completeness = 8; sizes 25, 

25, 25 and center x = -42.05, y = -30.82, z = -7.26). If 

the RMSD value is given to be less than 2Å, the docking 

is declared valid9. 

 

Molecular dynamic simulation: 

Molecular Dynamics (MD) simulation was carried out 

using YASARA Structure version 14.12.2 and run under 

Microsoft Windows 10 operating system. The force field 

used in this simulation is the YAMBER Force field. The 

Coulomb distance interaction is calculated using the 

Ewald particle algorithm, while the Van der Waals force 

is limited to 8 Å. Cube-shaped simulation box is placed 

around the simulated molecules at a distance of 5 nm. 

The size of the simulated box is 50 × 50 × 50 Å with a 

value of n = 6. The boundary of the simulated box is 

conditioned in periodic form. The water density was set 
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at 1 g/cc at 298 K. Simulations were run for 10 ns with 

photographs taken every 100 ps7. 

 

RESULT: 
MMP-9 in-vitro assay 
Table 1. MMP-9 in-vitro test results 

Compound % Inhibition IC50 (μg/mL) 

Cisplatin 97,12 16,31 

NNGH 96,82 4,09 

Compound 1 91,23 48,27 

 

The test results on the MMP-9 enzyme showed that 

Cisplatin had the highest inhibitory value of 97.12%, 

followed by NNGH (96.82%) and compound 1 

(91.23%). Then, when observed from the concentration 

of compounds that can inhibit the MMP-9 enzyme, 

NNGH as a control inhibitor of the MMP-9 enzyme has 

the highest IC50 value of 4.09 μg/mL and compound 1 

with a value of 48.27 μg/mL. Furthermore, the statistical 

analysis results on the IC50 value showed that the IC50 

value had a significant difference with NNGH (Table 1). 

 

Molecular docking: 

Molecular docking results showed that the sulfate ion as 

a control ligand had an RMSD of 0.7 Å (less than 2 Å), 

indicating that the molecular docking parameters were 

reproducible9,10. Table 2 shows the range of free energy 

(ΔGbond) between -3.5 to -6.2 kcal/mol. The results of 

the analysis showed that NNGH as a positive control 

had the highest bond energy (-6.2 kcal/mol), followed 

by compound 1 (-3.4 kcal/mol) and sulfate ion (-3.5 

kcal/mol). The free energy shows that NNGH has a 

stronger interaction as an inhibitor of the MMP-9 

enzyme compared to compound 1. In this study, the 

molecular docking test results positively correlate with 

the in vitro test results, and it can be seen that NNGH 

has the highest free energy bond and MMP-9 enzyme 

inhibitory activity. 

 
Table 2. Compound bonding affinity, interactions, and amino acid 

residues 

Ligand Free 

energy 

bond 

(kcal/mol) 

Hydrogen 

bond 

Hydrophobic 

interaction 

Sulfate ion 
(native 

ligand) 

-3,5 Glutamic 
acid60, 

glycine154, 

glutamic 
acid14 

 

Phenylalanine59, 
alanine13 

NNGH -6,2 Glutamic 
acid14, 

glutamic 

acid157, 
glutamine154, 

glutamic 

acid60, 
arginine106 

Methionine112, 
phenylalanine59, 

alanine104, 

valine158, 
phenylalanine153, 

valine152, 

glycine16 
 

Compound 

1 

-3,4 Serine107, 

valine170, 

Phenylalanine142, 

leucine113, 

alanine159, 
glutamic 

acid157 

glutamine154, 
arginine106, 

aspargine177, 

serine171, 
serine172, 

lysine158, 

glycine108 
 

 

The MMP-9 enzyme has a catalytic domain (active site) 

in the A chain with important amino acids that generate 

the stimulus, namely glutamic acid14, arginine106, and 

glutamic acid15711,12. From the results of the molecular 

docking (Figure 2), the sulfate ion compound, which is 

the control ligand, establish hydrogen bonds with the 

amino acids glutamic acid60, glycine154, glutamic 

acid14, and can establish hydrophobic bonds with the 

amino acids phenylalanine59 and alanine13. Then, 

NNGH can form hydrogen bonds with the amino acids 

glutamic acid14, glutamic acid157, glutamine154, 

glutamic acid60, arginine106, and form hydrophobic 

interactions with the amino acids methionine112, 

phenylalanine59, alanine104, valine158, 

phenylalanine153, valine152, and glycine16. Then, 

compound 1 was seen to establish hydrogen bonds with 

compounds serine107, valine170, alanine159, glutamic 

acid157, and hydrophobic interactions with compounds 

phenylalanine142, leucine113, glutamine154, 

arginine106, aspargin177, serine171, serine172, 

lysine158, and glycine108. From the observation of 

hydrogen bonds and hydrophobic interactions, it is seen 

that the test compound can establish hydrogen bonds 

and hydrophobic interactions with important amino 

acids in the catalytic domain of the MMP-9 enzyme. 

 

 
 

 

 
Figure 2. The docking pose of (A) SO4 ion, (B) compound 1  
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1 (yellow) for 10 ns molecular dynamics simulation, shown in 100 

frames 

 

DISCUSSION: 
Matrix Metalloproteinase-9 (MMP-9) is a protein with 

protease activity, with the primary substrates being 

extracellular matrix and membrane attachment11,12. This 

protein is one of the most important members of the 

matrix metalloproteinase family. It is a protein that can 

bind and digest collagen as the most important 

compound of the membrane. Several studies have 

reported that changes in the expression of the MMP-9 

protein may play an essential role in the differentiation 

and behavior of cancer cells13-15. Studies have 

demonstrated the role of MMP-9 in the initiation, 

proliferation, and metastatis of breast cancer cells 

through collagen digestion and interactions with tumor 

suppressor proteins16-18. Most importantly, inhibition of 

the MMP-9 protein is an essential step in reducing the 

survival and progression of breast cancer19-21. 

 

Compound 1 is a flavonoid compound with the basic 

structure of an auron. In several studies that have been 

carried out, it is reported that flavonoid compounds have 

an activity to inhibit the MMP-9 enzyme. Wu. et al.22 

reported that luteolin compounds have cytotoxic activity 

on MDA-MB-231, MDA-MB-486, 4T1, and BT-549 

breast cancer cells with strong activity. In addition, 

luteolin has also been reported to downregulate MMP-9 

expression by lowering AKT/mTOR levels that promote 

H3K27Ac and H3K56A in the MMP-9 promoter region. 

Later, herbacetin compounds have cytotoxic activity on 

A375 and Hs294T cells with strong activity. 

 

Furthermore, it is said that herbacetin can suppress 

MMP-9 mediated angiogenesis by blocking the EGFR-

ERK/AKT signaling pathway23. The mechanism of 

inhibition of angiogenesis by flavonoid compounds of 

the auron group can also occur with other mechanisms, 

such as silibinin compounds which inhibit the migration 

and invasion of breast cancer cells MDA-MB-231 

through the induction of mitochondrial fusion, 

mitochondrial fusion imbalance will inhibit the hippo 

pathway-YAP/TAZ and c-Jun pathway N-terminal 

kinase (JNK) so that the process of mitochondrial 

division and angiogenesis will be inhibited24. In 

addition, it is also reported that pectolinarigenin, which 

is administered intraperitoneally, can inhibit the 

metastasis of breast cancer cells type 4T1, MDA-MB-

231, and MCF-7 in the lungs. These compounds can 

inhibit metastasis by downregulating phosphorylated 

Stat3- and expression of matrix metalloproteinases 2 and 

925-27. 

 

CONCLUSION:  
In-vitro and in-silico assays on compound 1 interacted 

strongly at the active site of the MMP-9 enzyme 

receptor and had a stable interaction with amino acids on 

the active site of the receptor with RMSD <2. 
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Figure 3. RMSD of sulfate ion (blue), NNGH (orange),  compound 

Molecular dynamic simulation: 

The interactions between control ligand and compound 1 

as inhibitors of the MMP-9 enzyme can be analyzed 

more deeply by using molecular dynamics 

simulation11,12. First, the results of the analysis of the 

RMSD value of the protein-native ligand complex (SO4) 

showed a deviation between 0.414 to 1.693 Å (Figure 

3); when observed from the range of RMSD values the 

protein-native ligand complex, it can be concluded have 

stable interaction. Then, the results of the analysis of the 

RMSF value on the protein-native ligand complex 

showed a deviation between 0.43 to 2.68 Å. Based on 

the RMSF value of the native ligand, it can be concluded 

that the native ligand has stable interaction. After that, 

the results of the RMSD analysis on NNGH showed a 

deviation ranging from 0.383 to 1.641 Å (Figure 3). 

Then, the analysis of the RMSF value of the protein-

NNGH complex showed a deviation range of 0.44 to 

3.13 Å. The most significant deviation was seen in the 

protein-NNGH complex at residue 62, with a value of 

3.13 Å during the 10 ns simulation. Finally, the analysis 

of the RMSD values in protein-compound 1 complex 

showed a deviation range from 0.412 to 2.225 Å, an 

increase in the RMSD value from 0.4 to 10 ns (Figure 

3). Then, the results of the analysis of the RMSF value 

of protein-compound 1 complex showed a fluctuation of 

0.42 to 3.45 Å; in the analysis of the RMSF value, there 

was a fluctuation of 3.45 Å at residue 14 and 2.93 Å at 

residue 89. 
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