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Virtual Screening of Apigenin Derivative Compounds 
acting as Antioxidant using Molecular Docking Method 

Mulatsari Esti*, Mumpuni Esti, Martati Titiek and Wijaya Frans 
Faculty of Pharmacy, Pancasila University, Jakarta, INDONESIA 

*estimulatsari@gmail.com

Abstract 
Free radicals are a group of chemical compounds that 

can trigger occurrence of degenerative diseases dan 

required antioxidants to counter it. The examples of 

antioxidants compounds are vitamin C, vitamin E and 

flavonoids like apigenin with IC50 values of 463,4 

μg/ml. The purpose of this study was to find alternative 

antioxidants that may have better activity than the 

existing antioxidants using the molecular docking 

method using target receptors with 1QQW, 1V4S, 

2BEL, 2C9V, 4K7O and 5M2F PDB codes that met the 

requirements of RMSD values less than 2 Ǻ and using 

vitamin C, vitamin E, quercetin and apigenin as 

comparable compounds that have been tested to have 

antioxidant activity.  

Of the 30 apigenin derived compounds used with an 

IC50 value below 100 μg/mL, one of the best compounds 

of each receptor with the lowest ChemPLP values was 

3,3’-diisopropoxy apigenin (1QQW); 3’-amine 

apigenin(1V4S); 3’,6-diamine apigenin (1XAN); 3’,6-

diamine apigenin (2BEL); 3’-amine apigenin (2C9V); 

3’-amine apigenin (4K7O) and dan 3’6-dipropyl 

apigenin (5M2F). The results obtained showed that 

there are apigenin derived compounds that are 

selective against receptors used. 

Keywords: Apigenin, derivative compound, antioxidant, 

molecular docking. 

Introduction 
Free radicals are group of chemicals that have an unpaired 

electron that can come from air pollution, unhealthy food 

etc. that exist in the community and can trigger the 

occurrence of degenerative diseases like heart disease, 

stroke, atherosclerosis and cancer. Therefore, the body needs 

an important substance that can counteract the free radicals 

namely antioxidants. Antioxidants can help to protect body 

from free radicals by converting unstable free radicals into a 

stable form that causes free radical chains to stop, so the 

oxidation process can be stopped1.   

Phenolic or polyphenolic compounds such as flavonoids are 

potent antioxidants and have bioactivity as drugs. Based on 

research conducted by Ray2 on activity of flavonoid 

derivative compounds as antioxidants using DPPH method, 

apigenin IC50 value is 463,4 μg/mL. This value is not better 

than vitamin C with IC50 value as 5,89 μg/mL, vitamin E 

with IC50 value as 8,27 μg/mL and quercetin with IC50 value 

as 10,89 μg/mL2.  

A study of derivatives of apigenin compounds that have 

antioxidant activity is conducted which is better than 

apigenin based on IC50 values based on Mumpuni and 

Mulatsari research3. To find new antioxidant compounds, it 

is necessary to develop molecular design either in the direct 

synthesis or by using a modeling approach using 

computational chemistry concept. The concept of 

computational chemistry can be used to predict the chemical 

systems in chemical processes4.  

On other hand, the advantages of computational chemistry 

include reducing development costs, increasing energy 

efficiency, environmental usability and increasing 

productivity and profits compared to the direct synthesis 

method5.  

This research found alternative antioxidants from the 

derived apigenin compounds based on Mumpuni et al3 that 

may have better activity than the existing antioxidants using 

the molecular docking method using target receptors with 

1QQW, 1V4S, 2BEL, 2C9V, 4K7O, 1XAN, 5M2F, 2HCK, 

5FUQ, 5H5Q and 5FIW. 

PDB codes met the requirements of RMSD values less than 

2 Ǻ. 1QQW is the crystalline enzyme of human erythrocyte 

catalase responsible to breakdown the hydrogen peroxide 

into dihydrogen oxide and oxygen6,7. 1V4S is the crystalline 

of glucokinase enzyme that plays a role in facilitating 

oxidative phosphorylation of metabolism carbohydrates8,9. 

2BEL is the crystalline of tyrosine kinase enzyme receptor 

that plays an important role in the regulation of cell growth, 

differentiation and survival10,11. 2C9V is the crystalline 

structure of Human Superoxide dismutase enzyme that can 

convert superoxide to oxygen12,13. 4K7O is the 

Peroxiredoxin-5 enzyme. 1XAN is the glutathione reductase 

enzyme that can catalyze the reduction process of 

glutathione disulfide to sulfhydryl on glutathione (GSH) 

which is an important molecule in fighting oxidative stress 

in human cells14,15.  

5M2F is the aldo-keto reductase16,17. 2HCK is the 

Hematopoietic Cell Kinase18,19, 5FUQ is the NAD(P) 

dehydrogenase enzyme20, 5H5Q is the crystalline structure 

of Phospholipid hydroperoxide glutathione peroxidase 

enzyme21,22 and 5FIW is the crystalline structure of 

Myeloperoxidase23. Vitamin C, vitamin E, quercetin and 

apigenin as comparable compounds have been tested having 

antioxidant activity.  

mailto:estimulatsari@gmail.com
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Material and Methods  
Thirty 2D structure models of apigenin modified derivatives 

were predicted to have better antioxidants activity than 

apigenin with IC50 value under 100 μg/ml based on earlier 

research3. This experiment is using crystalline protein 

structures as target. The crystalline protein structures used in 

this experiment are  1QQW, 1V4S, 2BEL, 2C9V, 4K7O, 

1XAN, 5M2F, 2HCK, 5FUQ, 5H5Q and 5FIW and the 

native ligand of crystalline protein structures. This 

experiment also used 2D structure of vitamin C, vitamin E 

and Quercetin as the comparative compounds. The structure 

of apigenin is shown in fig. 1. 

 

 
Fig. 1: Base Structure of Apigenin 

 

Hardware: Acer Aspire E5-475G-70XV laptop, Intel i7 7th 

Gen Processor, Nvidia GeForce 940 MX 2,70 GHz APU, 

16.00 RAM and 64-bit Windows 10 Operating System. 

Software: PLANTS ver 1.2, YASARA, PyMol, 

MarvinSketch, SPSS 

 

Docking Molecular Preparation  

Preparation of Proteins and Reference Ligands: The 

structure of the protein complex in format (.pdb) was 

obtained from the Protein Data Bank (GDP: 1QQW, 1V4S, 

2BEL, 2C9V, 4K7O, 1XAN, 5M2F, 2HCK, 5FUQ, 5H5Q 

and 5FIW pdb.id) downloaded from the site 

http://www.rscb.org/. Open YASARA (click the YASARA 

shortcut on the desktop). Load the protein complex file to 

YASARA (YASARA> File> Load> PDB file ... find the 

directory where the file is stored, click "OK"), add hydrogen 

in the macromolecule enzyme save as the object file type. 

Then proteins and native files were separated and saved with 

each .mol2 file type. (Save as> file format> protein code> 

mol2-Sybyl Mol2> OK).  

 

Preparation of test ligand: Native ligand preparation, 

comparative ligand, test compounds were prepared by Open 

MarvinSketch File> open> ref_ligand.mol2, Structure> 

clean 2D> clean in 2D, Check protonation at pH 7.4 (Tools> 

Protonation> Major Microspecies> click OK) , Select "Save 

as" as ligand_2D, Tools> conformation> conformers, Save 

the conformation search result save file in new window file> 

save as> with ligand name and file.mol2 type (ligand.mol2), 

The procedure above was done for every one ligand. 

Preparation of proteins and ligands was done using 

YASARA software. Proteins with  1QQW, 1V4S, 2BEL, 

2C9V, 4K7O, 1XAN, 5M2F, 2HCK, 5FUQ, 5H5Q and 

5FIW pdb.id have been downloaded from 

http://www.rcsb.org/pdb loaded on YASARA worksheets, 

proteins and native space were separated and saved with files 

names protein.mol2 and ref_ligand.mol2. Native ligands and 

new ligands (apigenin derivative compounds) are 

continuously prepared to form conformations using 

MarvinSkecth and saved with file name ligand.mol2. 

 

Docking protocol validation: The docking protocol 

validation was performed by calculating the Root Mean 

Square Deviation (RMSD) values between the native ligand 

of  pdb.id with the conformation of the docked ligand. 

Docking protocol was considered good and can be used for 

the further docking process if it has a value of 2 - 2.5 Å. 

closer to 0 considered the alignment is better. This validation 

result is used to configure the plantsconfig.file. 

 

Molecular docking: The docking process was done using 

standard procedure by http://www.tcd.uni-konstanz.de/ 

plants_download/download/manual1.1.pdf24,25 and 

Purnomo26. Validated protocol (plantsconfig.file), 

ref_ligand.mol2, protein.mol2 and ligand.mol2 were 

prepared as input data. Docking process has been done by 

typing commands on cmd worksheet integrated with 

PLANTS operating system. The PLANTS application will 

read the validated protocol and start the docking process. 

Docking process obtained docking scores as output data that 

showed the energy of the ligand in binding to the target 

protein.  

 

The more negative of docking scoring the affinity of the 

ligand binding to the protein is stronger. Visualization of 

Ligand and Receptor Interactions by Load Test compounds, 

main compound ligand and target protein is filed into PyMol 

Program. Visualize them to know interactions between 

amino acids with ligand. 

 

Results and Discussion  
A total of 11 receptors used in this experiment are 1QQW, 

1V4S, 2BEL, 2C9V, 4K7O, 1XAN, 5M2F, 2HCK, 5FUQ, 

5H5Q and 5FIW pdb.id. The only receptor with 2Å RMSD 

score can be used for molecular docking. The results 

obtained that 7 of 11 receptors have lower than 2Å of RMSD 

score (Table 1). IC50 is a concentration that can inhibit 

oxidation process by 50%. The smaller is IC50 value, the 

greater is ability to inhibit the oxidation process. The 

docking score is calculated using the ChemPLP unit. The 

ChemPLP value is calculated based on Gibbs free energy 

where the smaller value means the greater affinity of the 

compound. ChemPLP value is obtained using PLANTS 

program and the results are shown in table 2. 

 
Based on table 2 the test compound which has the best score 

on the 1QQW receptor which is the catalase enzyme is 3,3'-

diisopropoxy apigenin with a docking score of -103,5670, 

therefore the compound 3,3'-diisopropoxy apigenin can 

activate the enzyme catalase which causes the 

decomposition reaction of hydrogen peroxide (H2O2) into 

oxygen and water, so it is no longer dangerous for the body.   
 

http://www.tcd.uni-konstanz.de/%20plants_download/download/manual1.1.pdf24
http://www.tcd.uni-konstanz.de/%20plants_download/download/manual1.1.pdf24
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Table1 

RMSD Value of Receptors  
 

S.N. PDB code Enzyme RMSD (Å ) 

1 1V4S Glucokinase 0,6526 

2 1XAN Glutathione reductase 0,7171 

3 1QQW Catalase 1,4412 

4 4K7O Peroxiredoxin-5 1,4418 

5 2BEL Corticosteroid 11-beta-dehydrogenase isozyme 1 1,5857 

6 5M2F Aldo-keto reductase 1,6036 

7 2C9V Superoxide Dismutase 1,7466 

8 2HCK Hematopoietic Cell Kinase (HCK) 2,5096 

9 5FUQ NAD(P) dehydrogenase  2,5714 

10 5H5Q Phospholipid hydroperoxide glutathione peroxidase 2,6067 

11 5FIW Myeloperoxidase 5,0889 

 

The test compound which has the best score on the 1V4S 

receptor was 3 'apigenin amine has a docking score of                

-90.9450, therefore compound 3' amine apigenin can inhibit 

the glucokinase enzyme that plays a role in facilitating 

oxidative phosphorylation of metabolism carbohydrates so 

that by inhibiting the glucokinase enzyme, the oxidative 

phosphorylation process can be reduced and the formation 

of reactive oxygen species such as superoxide and hydrogen 

peroxide also decrease because the free radicals that can 

damage the body also decrease. 

 

Test compounds that have the best score on 1XAN receptors 

which are Glutathione reductase enzymes are 3'6 apigenin 

diamines with a docking score of -78.6276 which means that 

these compounds can activate the glutathione reductase 

enzyme so that this enzyme can catalyze the reduction 

process of glutathione disulfide to sulfhydryl on glutathione 

(GSH) which is an important molecule in fighting oxidative 

stress in human cells. The best test compound at the 2BEL 

receptor which is the cortisone reductase enzyme is 3'6 

apigenin diamines with a docking score of -84.4748 so that 

these compounds can inhibit the enzyme because the enzyme 

cortisone reductase is an enzyme that catalyzes cortisol 

formation which can cause obesity.  

 

In the state of obesity, there is an inflammatory process, 

excessive lipogenesis, inhibition of lipophysis and 

increasing adipocyte apoptosis which ultimately increase the 

release of Reactive Oxygen Species (ROS) and will cause 

oxidative stress conditions. The best test compound on the 

2C9V receptor which is the SOD enzyme (Super Oxide 

Dismutase) is 3 'apigenin amine with a docking score of           

-70,2074, the test compound can activate the SOD enzyme 

which means this enzyme can convert superoxide to oxygen. 

Hydrogen peroxide can also damage cells but can still be 

destroyed by other antioxidants in the form of catalase, so it 

can reduce oxidative stress in atherosclerosis and other 

dangerous diseases because this enzyme is an internal 

enzyme that functions as an antioxidant.  

 

The best test compound at the 4K7O receptor which is the 

Peroxiredoxin-5 enzyme is 3' amine apigenin with a docking 

score of -57,524, the test compound can activate the 

performance of this enzyme so that the PRDX5 enzyme can 

have antioxidant activity and cytoprotective function against 

oxidative stress. The best test compound at the 5M2F 

receptor which is the aldo-keto reductase family of 1 

member B10 is 3,6-dipropyl apigenin with a docking score 

of -100,570 which inhibits the aldo-keto reductase family of 

1 member B10 so that the development of cancer cells can 

be inhibited.  

 

The data from each receptor has the ability as an antioxidant 

that is better at counteracting free radicals than the parent 

compound, namely apigenin, although when compared with 

vitamin E from each receptor, the apigenin derivative 

compounds are less both in its activity as an antioxidant, the 

derivative compounds were better than vitamin C and 

quercetin when viewed from the existing docking score 

(ChemPLP).  

 

Comparison of compounds in the form of vitamin C, vitamin 

E and quercetin was to determine whether apigenin 

derivatives have the ability to counteract free radicals better 

than the antioxidants that are commonly used and apigenin 

as the parent compound can also be used as a comparison in 

this study, because apigenin has been tested for its activities 

as antioxidants, so that the better compounds are expected to 

be able to do further research in their activities as 

antioxidants. In the results of the score docking of the 

comparative compounds obtained, vitamin E had a more 

negative score on each receptor compared to vitamin C and 

quercetin. This is presumably because the polarity of vitamin 

E is non-polar compared to that of vitamin C and quercetin 

which is polar so that when done docking, the affinity 

between vitamin E and receptors is better than vitamin C and 

quercetin.  

 

However, when compared with the IC50 value of the 

comparative compound, namely vitamin C, vitamin E and 

quercetin, the value of this docking score is not directly 

proportional. The score docking of these compounds means 

these compounds have antioxidant activity like the control 

positive compounds for different receptors. Beside the 
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activity as antioxidants based on score docking values, the 

selectivity to receptors is important too. Selectivity means 

more active receptor to a compound, it means that 

compounds have better antioxidant acitivity than the 

compound with only active with one receptor. Selectivity of 

apigenin derivative compounds is shown in table 3.

 
Table 2 

ChemPLP Value of Test Compounds  
 

 ChemPLP Score 

Receptor 1QQW 1V4S 1XAN 2BEL 2C9V 4K7O 5M2F 

Compounds        

3,6-diethoxy apigenin -90.5924 -54.8701 -67.6051 -68.7373 -50.1154 -41.5993 -83.8614 

3,3',6-trimethoxy apigenin -85.6851 -56.8679 -62.7051 -69.3968 -52.0447 -42.2222 -78.7911 

3'-amine apigenin -92.5695 -90.9184 -78.008 -79.774 -70.2074 -57.524 -90.7966 

3-amine apigenin -86.024 -78.1984 -62.7051 -70.6301 -59.5064 -48.6938 -89.4273 

3-ethoxy apigenin -90.5943 -64.8047 -67.161 -70.6316 -60.2161 -45.1326 -84.5072 

3-ethyl apigenin -90.1125 -73.7137 -67.4645 -73.543 -60.5043 -51.1794 -85.751 

3-isopropoxy apigenin -90.5896 -70.1969 -69.2286 -73.8075 -60.1738 -51.5393 -81.4597 

3-propoxy apigenin -89.4675 -61.7035 -69.3037 -69.1252 -58.1082 -42.4141 -83.0036 

3,3’,6-triethoxy apigenin -86.5471 -57.3993 -66.0135 -71.9842 -51.4951 -43.4141 -78.4667 

3,3’-diethyl apigenin -93.2531 -77.0361 -70.4533 -75.6771 -60.9769 -52.6081 -86.2395 

3,3’-dipropoxy apigenin -97.2032 -65.2603 -76.0914 -75.018 -57.7211 -45.0585 -87.4664 

3,6-diisopropil apigenin -93.6889 -65.2114 -74.8432 -78.5729 -58.6018 -48.8629 -90.8866 

3,6-dimethyl apigenin -89.6355 -78.148 -67.4161 -75.8334 -59.3444 -49.6084 -90.0828 

3,6-dipropyl apigenin -99.9055 -70.9099 -75.9025 -80.6165 -58.9249 -48.9318 -100.57 

3'6 diamine apigenin -92.9427 -84.4406 -78.6276 -84.4748 -69.4024 -56.5108 -89.5819 

3- isopropyl apigenin -90.752 -70.0025 -69.5002 -74.6555 -60.1997 -51.0864 -81.3374 

3- methyl apigenin -88.3291 -80.354 -66.5225 -73.356 -60.3906 -50.1144 -86.5987 

3- methoxy apigenin -88.0386 -69.2418 -68.3386 -71.1214 -61.819 -49.2357 -82.8286 

3- propyl apigenin -94.9247 -74.0367 -71.7064 -76.1494 -61.711 -50.8915 -90.7272 

6- amine apigenin -91.2101 -81.5834 -75.9118 -83.0047 -65.0966 -53.2036 -89.4843 

3,3'-diamine apigenin -84.6859 -80.5714 -62.6642 -77.4408 -63.2144 -50.3649 -90.53 

3,3'-diethoxy apigenin -92.8886 -69.1674 -69.3949 -69.6955 -60.5143 -44.7267 -81.8918 

3,3'-diisopropoxy apigenin -103.567 -68.8936 -77.3782 -77.435 -61.4275 -53.948 -92.5386 

3,3'-dimethoxy apigenin -89.475 -66.8542 -69.187 -71.4774 -61.6662 -50.2528 -81.7433 

3,3',6-triamine apigenin -88.1442 -77.5622 -67.007 -78.4659 -60.9181 -48.9885 -86.1458 

3,6-diamine apigenin -88.0576 -74.6148 -63.994 -81.1807 -57.2408 -48.673 -88.4214 

3,6-diethyl apigenin -93.3893 -71.6158 -69.5105 -74.3118 -57.2498 -46.6671 -92.733 

3,6-diisopropoxy apigenin -94.1989 -65.8714 -73.2504 -78.7087 -57.6964 -48.484 -91.0021 

3,6-dipropoxy apigenin -92.1233 -51.9621 -66.0151 -69.8196 -43.7732 -36.543 -76.9725 

3,3’,6-triethyl apigenin -99.6234 -73.2629 -73.9718 -77.195 -58.4199 -45.4798 -93.2892 

Apigenin -90.6195 -85.4054 -75.1354 -74.4623 -66.24 -52.883 -89.9956 

Native Ligand -156.279 -102.954 -74.562 -84.9592 -43.3529 -35.6501 -107.482 

Quercetine  -89.4131 -80.5973 -67.8352 -73.9731 -61.438 -50.674 -88.763 

Vit C -72.8835 -63.2971 -53.7999 -60.5651 -56.751 -54.2963 -72.0735 

Vit E -124.984 -113.399 -102.404 -100.054 -65.6533 -59.3936 -113.477 
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Table 3 

Receptor Selectivity 
 

Test Compounds Receptor Selectivity 

3’-amine apigenin 1QQW,1V4S, 1XAN,2BEL, 2C9V,4K7O, 5M2F 

3,3’-dietyl apigenin 1QQW,2BEL 

3,3’-dipropoxy apigenin 1QQW,1XAN,2BEL 

3,6-diisopopyl apigenin 1QQW,2BEL,5M2F 

3,6-dimetyl apigenin 2BEL,5M2F 

3,6-dipropyl apigenin 1QQW,1XAN, 2BEL,5M2F 

3’,6-diamine apigenin 1QQW,1XAN,2BEL,2C9V,4K7O 

3-isopropyl apigenin 1QQW,2BEL 

3-propyl apigenin 1QQW,2BEL,5M2F 

6-amine apigenin 1QQW,1XAN,2BEL,4K7O 

3,3’diamine apigenin 2BEL,5M2F 

3,3’-dietoxy apigenin 1QQW 

3,3’-diisopropoxy apigenin 1QQW,1XAN,2BEL,4K7O,5M2F 

3,3’,6-triamine apigenin 2BEL 

3,6-diamine apigenin 2BEL 

3,6-dietyl apigenin 1QQW,5M2F 

3,6-dipropoxy apigenin 1QQW,1XAN,2BEL,5M2F 

3,6-dipropoxy apigenin 1QQW 

3,3’,6-trietyl apigenin 1QQW,2BEL,5M2F 

 

Binding Mode Elucidation of Active Compound: Active 

amino acid can be seen by the bond between proteins and 

amino acids through visualization as shown in table 4. 3,3’-

diisopropoxy apigenin has 6 amino acids residue inside the 

1QQW receptor binding site, but there is only 1 amino acid 

residue bound with test ligand that predicted to have an 

important role to affinity with receptor. That amino acid 

VAL74 with the bond distance of 2,2Å. 3’-amine apigenine 

have 18 amino acids residue inside 1V4S receptor binding 

site and has 2 amino acid residues bound with the test ligand 

that predicted to have important role to affinity with 

receptor.  

 

Those amino acids are TYR215 and TYR61 with bond 

distances of 1,8Å and 2,4Å. 3’,6-diamine apigenin has 17 

amino acid residues inside 1XAN receptor binding site and 

have 3 amino acid residues bound with the test ligand that 

predicted to have important role to affinity with receptor. 

That amino acids are HIS82, HIS75 and ASN71 with bond 

distances of 2,1 Å, 2,3 Å and 2,1 Å. 3’,6-diamine apigenin 

has 27 amino acid residues inside 2BEL receptor binding site 

and has 6 amino acid residues bound with the test ligand that 

predicted to have important role to affinity with receptor.  

 

That amino acid is ASN119 with bond distances of 2,2 Å, 

LYS187 with bond distances of 2,5 Å, SER169 with bond 

distances of 2,1 Å, LEU215 with bond distances of 2,1 Å, 

GLY216 with bond distances of 1,7 Å and 1,9 Å and ILE218 

with bond distances of 2,1 Å. 3’- amine apigenin has 15 

amino acid residues inside 2C9V receptor binding site and 

has 4 amino acid residues bound with the test ligand that 

predicted to have important role to affinity with receptor. 

That amino acid is GLY141 with bond distances of 2,0 Å, 

ARG143 with bond distances of 2,1 Å, CYS57 with bond 

distances of 2,8 Å and THR58 with bond distances of 2,1 Å. 

3’-amine apigenin has 16 amino acid residues inside 4K7O 

receptor binding site and has 2 amino acid residues bound 

with the test ligand predicted to have important role to 

affinity with receptor.  

 

That amino acid is LEU111 with bond distances of 1,8 Å and 

LYS126 with bond distances of 2,2 Å. 3,6-dipropyl apigenin 

has 18 amino acid residues inside 5M2F receptor binding 

site and has 4 amino acid residues bound with the test ligand 

that predicted to have important role to affinity with 

receptor. That amino acid is GLN184 with bond distances of 

2,1 Å, SER211 with bond distances of 2,4 Å and 1,2 Å, 

LEU302 with bond distances of 2,4 Å and LEU301 with 

bond distances of 1,8 Å. Amino acids that have an effect on 

activity as antioxidants include VAL74, TYR215, TYR61, 

HIS82, HIS75, ASN71, ASN119, LYS187, SER169, 

LEU21, GLY216, ILE218, GLY141, ARG143, CYS57, 

THR58, LEU111, LYS126, GLN184, SER211, LEU302, 

dan LEU301 as shown in fig. 2 and table 4. 

 

Conclusion 
The results of the docking simulation of 30 apigenin 

derivative compounds were obtained that 3,6-dipropyl 

apigenin is the most active compound in 5M2F receptor and 

3’-amine apigenin has most role as antioxidant that is active 

to 7 receptors which are 1QQW, 1V4S, 1XAN, 2BEL, 

2C9V, 4K7O, dan 5M2F. 
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Fig. 2: The interactions of ligand and amino acid of receptor a) 3,6-dipropyl apigenin - 5M2F;  

b) 3’- amine apigenin - 2C9V; c) 3’,6-diamine apigenin - 1XAN; d) 3’-amine apigenine - 1V4S; e) 3’-amine apigenin 

4K7O; f) 3’,6-diamine apigenin - 2BEL; g) 3,3’-diisopropoxy apigenine - 1QQW 

  

a b 

 
 

c d 

  

e f 

 
g 
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Table 4 

 Amino acids in the binding pocket receptor 
 

Test compounds Receptor Name of amino acids Number of amino acids 

in the binding site 

3,3'-diisopropoxy 

apigenin 

1QQW ALA357,TYR358,VAL73,VAL74,ARG72,HIS75 6 

3'-amine apigenin 1V4S GLU157,ASP158,HIS156,PRO59,ILE159,TYR61, 

PRO59,VAL62,ARG63,ALA456,SER64,THR65, 

VAR452,SER212,GLY97,TYR215,GLU216,TYR214 

18 

3',6-diamine apigenin 1XAN TYR85,ALA83,PHE87,HIS82,ASP81,HIS80, 

MET79,PHE78,SER76,HIS75,VAL74,ALA73, 

THR72,ASN71,TRP70,MET69,VAL68 

17 

3',6-diamine apigenin 2BEL LEU118,ASN119,HIS120,GLY41,VAL168,GLY47, 

CYS213,VAL168,GLY45,LYS238,ASP219,ALA236, 

ILE218,LEU217,GLY216,LEU215,VAL214,SER169, 

SER170,LEU171,LYS187,GLY173,SER184,ALA185, 

PHE188,SER186,LEU190 

27 

3'-amine apigenin 2C9V GLY56,SER59,CYS57,ALA60,THR58,GLY61, 

PRO62,ASN139,ALA140,GLY141,SER142,ARG143, 

HIS120,LEU144,CYS146, 

15 

3'-amine apigenin 4K7O GLY102,LYS106,GLY105,ARG124,LEU125,LEU111, 

LEU110,ASP109,ASP113,LEU112,ASP113,LYS126, 

LEU112,ARG127,GLY146,ASP145 

16 

3,6-dipropyl apigenin 5M2F SER304,GLN303,LEU302,LEU301,ASN300,CYS299, 

SER215,GLY214,SER211,PRO212,MLY263,GLY19, 

TYR210,THR208,VAL185,GLN184,SER160,ASN183, 

18 
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