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Abstract. This study aims to determine the type of secondary metabolite from 

bawang dayak with the highest inhibition activity of cell wall synthesis. This 

research was carried out in silico by docking method using Autodock Vina 1.1.2 

on several bawang dayak metabolites on the active site of cell wall synthesis 

receptors. The main parameter used was the free energy of binding as affinity 

marker. The docking results showed that among the 24 metabolites used, the 

highest affinity was shown by eleutherol A, a naphthalene derivative with a ΔG 

value of -9.4 kcal/mol. The affinity shown is even higher than the natural ligand 

of the receptor, which shows that eleutherol A has the potential to be developed 

as an inhibitor of microbial cell wall synthesis. In other words, the isolation of 

eleutherol A from bawang dayak can be done to increase its potential as an 

antimicrobial through inhibition of cell wall synthesis. 

Keywords: Antibacterial, bawang dayak, cell wall synthesis, eleutherol A, 

molecular docking. 

1   Introduction 

The discovery of new antimicrobial compounds seems to be a need that is never satisfied, 

especially with the ability of microbes to evolve and become "immune" to the antimicrobials 

currently used [1]. Many reasons why the development of new antimicrobials tends to lag behind 

the ability of microbial evolution, one of the most dominant is the time needed for relatively 

long discoveries, apart from the structure of antimicrobial compounds that are relatively similar 

to each other [2]. Therefore, the discovery of antimicrobial compounds derived from derivatives 

of secondary metabolites of medicinal plants is one of the most sought-after alternatives in the 

discovery of new antimicrobial compounds [3]. 

Discussing about this, of course the wealth of medicinal plants in Indonesia cannot be 

underestimated. As the largest archipelago in the world that has thousands of traditional 

medicinal plants, Indonesia has a lot of potential to develop new antimicrobial compounds from 

medicinal plants [4]. One of them which has been studied extensively by many researchers is 

bawang dayak (Eleutherine bulbosa). Bawang dayak are spread in almost all regions in 

Indonesia, and are traditionally used to treat various diseases, especially those that occur due to 
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bacterial infections such as fever, dysentery, diarrhea, and others [5]. The results showed the 

content of various bioactive secondary metabolites in bawang dayak, especially the tubers, such 

as eleutherin, eleutherol, and eleutherinol [6]. However, until now there is no known type of 

metabolite that has the most potent antimicrobial activity. 

The antimicrobial activity of a compound itself can be generated through various 

mechanisms of action. At least there are currently four types of antimicrobial action mechanisms 

that are known, including inhibition of cell wall, protein, nucleic acid synthesis, and 

antimetabolites [7,8]. Among the four mechanisms of action, activity as an inhibitor of microbial 

cell wall synthesis may be the most interesting to study. Especially considering that most 

antibiotics currently experiencing resistance by bacteria come from these types, for example 

beta blockers such as penicillin derivatives [9]. It is interesting to find out whether the secondary 

metabolites of bawang dayak have activity as inhibitors of microbial cell wall synthesis. 

This study aims to determine the secondary metabolites of bawang dayak with the highest 

potential as antimicrobials, specifically with the mechanisms of action as cell wall synthesis 

inhibitors. The study was conducted in silico by molecular docking method to determine 

secondary metabolites with the highest affinity toward D-alanine-D-alanine ligase, a known cell 

wall synthesis receptor. Metabolites with the highest affinity then compared with natural ligand 

of the receptor to determine the level of similarity of amino acid interactions that occur, 

indicating this potential as an antimicrobial compound with the mechanisms as cell wall 

synthesis inhibitor. 

2   Material and  Methods 

2.1  Materials 

The hardware used is the ASUS A46CB series Ultrabook with an Intel core i5-3337U @ 1.8 

GHz and Windows 7 Ultimate 64-bit SP-1 operating system. The software used is HyperChem 

8.0.8 from Hypercube, Inc., OpenBabel 2.4.1 from OpenBabel.org., And AutoDockTools 

1.5.6.rc3 and Autodock Vina 1.1.2 software from The Scripps Research Institute, Inc. 

Information on 3D dimensional structures of receptor proteins obtained from website of Protein 

Data Banks (http://rcsb.org), with the protein structure used is D-alanine-D-alanine ligase (Ddl) 

(PDB ID 2ZDQ), a target protein for inhibition of bacterial cell wall synthesis [10,11]. 

 

2.2 Ligands Preparation 

The ligands used are 24 secondary metabolites which are known to be present in the tuber 

parts of the bawang dayak as shown in Figure. 1. The ligand used consists of dihydroeleutherinol 

(1), dihydroisoeleutherin (2), elecanacin (3), eleucanarol (4), eleutherin (5), eleutherinol (6), 

eleutherinoside A (7), eleutherinoside B (8), eleutherol (9), eleutherol A (10), eleutherol B (11), 

eleutherol C (12), eleuthinone A (13), eleuthinone B (14), eleuthinone C (15), eleuthoside A 

(16), eleuthoside B (17), eleuthoside C (18), eleuthraquinone A (19), eleuthraquinone B (20), 

hongconin (21), isoeleutherin (22), isoeleutherol (23), and karwinaphthol (24) [6, 12–14]. The 

two-dimensional structure of the ligand is sketched using HyperChem 8.0.8 [15]. All of the 

compounds then carried out geometric optimization using a semi-empirical approach PM3 to 

obtain structural conformation that is close to the conditions of these compounds in nature [16]. 

The format of the optimized structure changes from.log to.pdb using Open Babel 2.4.1. The use 

of the software makes it very easy to change the format of a ligand from one to another [17]. 

The docking program used in this study is Autodock Vina 1.1.2. AutoDock Vina is known to 



 

 

 

 

be one of the software for docking with quite good accuracy and the shortest processing time. 

All ligands are then given fill and adjust torque using the AutoDockTools 1.5.6 [18]. 

 

2.3   Receptor Preparation 

 Receptors are downloaded in the format. pdb then the unused part is removed, added non-

polar hydrogen, given charged, and arranged size and coordinate grid using AutoDockTools 

1.5.6 [19]. The receptors used are receptors commonly used to find bacterial cell wall synthesis 

inhibitors. The part of the receptor used is the site which binds to the comparative ligand, where 

the active site can be used for natural ligands from these receptors or with previously known 

inhibitors [20]. For the selected receptor, 2ZDQ, the comparative ligand used is ATP, a natural 

ligand for the receptor. 

 

2.4  Molecular Docking 

Molecular docking is done using AutoDock Vina 1.1.2. The parameters used in docking 

process are the free energy of binding (ΔG) as a marker of affinity and amino acid’s residues as 

markers of similarity [21]. The more negative ΔG shows higher ligand affinity for the active 

site of the receptor [22]. The highest affinity test ligands were compared with the redocking 

result from the co-crystal ligand of the receptor by comparing the value of ΔG to see if the test 

ligand has a higher affinity than co-crystal ligands [23]. Amino acid’s residues from the highest 

affinity test ligands were then compared with the results of redocking co-crystal ligands toward 

receptor to assess the similarity of interactions between the test and co-crystal ligands. The level 

of similarity is expressed as a percentage that describes the comparison of amino acid residues 

which are equally present in the test ligands and compared to the total number of amino acid 

residues in the comparative ligands [8]. The more similar amino acid’s residues indicate a higher 

probability that the test ligand will have similar activity with the cocrystal ligand [24]. 

3   Results and Discussion 

Docking results were performed on the entire surface of the receptor with energy range, 

exhaustiveness, and number of modes parameters score 3, 8, and 9, respectively. This number 

is default parameter for Autodock Vina 1.1.2 for molecular docking purpose [8]. Higher 

parameter to some degree will increase the accuracy of docking results, although it is not yet 

measurable how much influence it has [25]. Observation of all receptor surfaces or also known 

as blind docking is especially necessary because the ligand that will be tested has no known 

affinity for the particular active site of the receptor. The pose chosen as the representative has 

the most negative ΔG value, indicating the highest probability of the position of the ligand to 

the receptor [23]. The docking results data of all test ligands and ATP as a comparative ligand 

to the receptor were compared each other as shown in Table 1. 

 

 

 

 

 

 



 

 

 

 

Table 1.  Docking results from metabolites of bawang dayak toward antimicrobial receptors 

Ligand’s Number Ligand’s two-dimension structures ΔG (kcal/mol) 

Co-crystal ligand 

(ATP) 

 

-8.8 

1 

 

-9.1 

2 

 

-6.0 

3 

 

-6.3 

4 

 

-7.2 

5 

 

-8.3 

6 

 

-8.4 

7 

 

-7.0 

8 

 

-6.6 

9 

 

-7.6 



 

 

 

 

10 

 

-9.4 

11 

 

-5.7 

12 

 

-9.0 

13 

 

-5.2 

14 

 

-5.3 

15 

 

-7.2 

16 

 

-6.4 

17 

 

-6.3 

18 

 

-7.0 

19 

 

-6.3 

20 

 

-7.7 



 

 

 

 

21 

 

-8.0 

22 

 

-7.1 

23 

 

-7.3 

24 

 

-7.8 

 

The ligand affinity of the test is indicated by the value of ΔG, where the more negative the 

value of ΔG indicates the higher ligand affinity [26]. The first interesting point is that all test 

ligands have a negative ΔG value, which indicates that the interaction between all test ligands 

and receptors takes place spontaneously [22]. This is relatively rare, especially in relatively large 

ligands such as eleuthoside B and C because of the possibility of steric barriers at the active site 

receptor [27]. However, not all test ligands have high affinity, of which from the 24 test ligands 

there are only three ligands which have higher affinity than natural ligands, in this case ATP. 

ATP itself is known to have a very high affinity for various types of enzymes such as ligase and 

kinase which require the presence of phosphate groups, so it is quite difficult to find competitive 

ligands for ATP [28]. Therefore, the existence of a test affinity with a higher affinity than ATP 

always attracts attention, especially with a large enough difference of 0.6 kcal/mol as indicated 

by eleutherol A. 

Eleutherol A, on the one hand actually has a high structural similarity with several other 

naphthalene group metabolites such as isoeleutherol, eleuthoside, and other eleutherol variants 

such as eleutherol B and C which differ only in one or two functional groups. However, in 

addition to eleutherol C, almost all of them show relatively low affinity. This phenomenon 

shows that there are other factors that are the key to the high affinity of eleutherol A in addition 

to the structure of the compound, in this case most likely is the position of amino acid residues 

of eleutherol A [29,30]. Observation of amino acid residues shows interesting results as shown 

in Table 2. 

Table 2.  Docking results from metabolites of bawang dayak toward antimicrobial receptors 

Ligand ATP 1 10 12 

Amino Acid’s 

Residues 

116-Lys - - - 

151-Phe 151-Phe 151-Phe 151-Phe 

153-Lys 153-Lys 153-Lys 153-Lys 

160-Ser - - - 

- - 163-Ile 163-Ile 

- - - 189-Glu 

- - - 190-Lys 

- - - 191-Ala 

- - - 192-Leu 

- 195-Val 195-Val 195-Val 



 

 

 

 

197-Glu - - 197-Glu 

218-Tyr 218-Tyr - 218-Tyr 

222-Phe - - 222-Phe 

223-Tyr 223-Tyr 223-Tyr 223-Tyr 

228-Lys - 228-Lys - 

229-Tyr - - - 

- 272-Phe 272-Phe 272-Phe 

281-Asn - - - 

282-Glu - - - 

284-Asn - - - 

Percent of similarity 

with natural ligand 

[%] 

- 30.77 30.77 46.15 

Note: Bold number indicates a similar amino acid’s residues between test and co-crystal ligands. 

Among the three highest affinity ligands, all have relatively low similarity levels of amino 

acid residues with comparative ligands. In other words, the type of interaction that occurs 

between the large test ligands is likely to be different from that which occurs in the comparison 

ligand [31]. However, it does not mean that if the level of similarity of the amino acid residues 

is low, then the test ligand cannot provide activities similar to comparative ligands. Visual 

observation needs to be done to assess the potential difference in amino acid residues to possible 

differences in activity [32]. The clue is obtained from the results of visual observations as shown 

in Figure 1. 

 

Fig. 1. Comparison of co-crystal ligand (red) of 2ZDQ with test ligand number 1 (blue); 10 (green); and 

12 (yellow) 

The functional group that must be observed in ATP interactions is the adenosine group, 

which becomes the "anchor" of the interactions that occur. The part becomes a "fingerprint" 

group that shows the location of the ATP bond with a protein or enzyme [33]. In other words, 

if a ligand has a binding pattern similar to that of an adenosine group from ATP, then the ligand 

is likely to bind to the same active site as ATP [34]. In Figure 1, it can be observed that both 

ligands number 1, 10, and 12 have binding locations that are almost identical to the adenosine 

group. The active site is mainly on amino acid residues between numbers 189 to 229. Especially 

for ligand number 12 namely eleutherol C, the interactions in these amino acid regions occur 

very much. However, the affinity is still lower than ligand number 10 eleutherol A, indicating 



 

 

 

 

that although the interaction in the domain is important, does not have a significant effect on the 

affinity of a ligand [35]. In other words, the affinity of eleutherol A against the 2ZDQ receptor 

is influenced by other factors besides amino acid residues in the area. 

Apart from that, the most important thing is that eleutherol A has a higher affinity than ATP 

and is highest compared to other test ligands. This means that eleutherol A can compete with 

ATP to bind to Ddl [36]. The main characteristic of ATP which makes it very reactive in various 

ligase enzymes is the presence of a high-energy phosphate group which is needed to carry out 

molecular merging reactions [37]. The absence of a phosphate group on a ligand that binds to 

the active side of the Ddl as shown by eleutherol A by itself will result in a ligase reaction that 

cannot occur. Thus, the reaction of cell wall synthesis from bacteria will be inhibited, so that 

the bacteria will die due to not being able to regenerate their cell walls. 

4   Conclusion 

In conclusion, this study succeeded in obtaining three secondary metabolites from bawang 

dayak which have potential as cell wall synthesis inhibitors, with the highest affinity shown by 

eleutherol A. The type of interaction that occurs for these compounds resembles the interaction 

of the adenosine group of ATPs which is a natural ligand of Ddl as a receptor for cell wall 

synthesis. The affinity of eleutherol A is even higher than ATP, making it a competitor and 

potential inhibitor for the synthesis of microbial cell walls. Thus, isolation of eleutherol A from 

bawang dayak extract can be an alternative to obtain potential antimicrobials from medicinal 

plants. Furthermore, it is necessary to do in vitro testing to prove the activity of inhibitors of 

microbial cell wall synthesis from eleutherol A with various types of microbes. 
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