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Abstract
Bacterial infections pose significant threats to human health, particularly due to the rise of antibiotic-resistant strains. Identifying 
new sources of effective antibiotics is therefore crucial for combating these resistant pathogens. This study aims to isolate novel 
Streptomyces species and profile their secondary metabolites through extraction and high-resolution mass spectrometry (HRMS) 
analysis. Furthermore, the antibacterial activity of the extract containing the secondary metabolites was assessed through the in 
vitro agar well diffusion method and supported by the molecular docking, molecular dynamics simulations, and drug-likeness 
analysis. Sediment samples were collected from mangrove forests in Yogyakarta. The bacteria were then isolated, purified, and 
characterized using 16S rRNA sequencing. The isolates were then cultured to enrich the secondary metabolites, and their secondary 
metabolites were extracted using methanol and dichloromethane solvents in a 1:1 volume ratio. The results showed that the isolated 
bacteria of Streptomyces sp. were obtained with a 95.44% similarity rate, which produced several secondary metabolites. The in 
vitro antibacterial assay of the extract resulted in an inhibition zone of 14, 14, and 15 mm against Propionibacterium acnes, 
Staphylococcus aureus, and Escherichia coli, respectively. The molecular docking and molecular dynamic simulations for 100 ns 
revealed that compound SB236057A could inhibit the function of thymidylate kinase protein through a carbon-hydrogen bond with 
Glu37 residue. Furthermore, drug-likeness analysis showed that the secondary metabolites of Streptomyces sp. exhibited preferable 
drug-likeness and pharmacokinetic properties. This research focuses on the understanding of microbial biodiversity in mangrove 
sediments, particularly focusing on the genus Streptomyces and its potential to produce novel antibiotics.    
 
Keywords mangrove, Streptomyces, antibiotic, in silico, in vitro, drug-likeness  

1. INTRODUCTION

Mangroves are coastal intertidal areas with 

unique ecosystems that are often used for 

biochemistry exploration [1]. This unique 

ecosystem is mainly influenced by the salinity, 

which is affected by tides and climate, making the 

mangrove area different from the other areas. 

Mangrove forests are vital ecosystems that have not 

been fully explored yet, offering significant 

opportunities for discovering new species and 

potential resources. These forests are not only 

important for their ecological functions, such as 

protecting coastlines and serving as nurseries for 

marine life, but also have potential for medicines 

and industrial raw materials. Responsible 

 
exploration can help maintain its sustainability and 

explore its beneficial value for humans, especially 

for antibiotic purposes [2]. 

It was reported that the existing antibiotics are 

unable to deal with increasingly diverse bacteria 

called resistance cases. This crisis is caused by the 

overuse and misuse of antibiotics, as well as the 

lack of new drug development by the 

pharmaceutical industries. Bacteria can protect 

themselves and resist antiseptics in various ways, 

such as strengthening cell walls, forming a 

protective layer, destroying, or changing antiseptic 

targets, or increasing target production, so that they 

become more resistant to antimicrobial agents [3]. 

Therefore, it is challenging to extract and isolate 

new antibacterial agents from the bacteria. 

Streptomyces is a Gram-positive bacterium that 

can produce various secondary metabolites. It was 

reported that different Streptomyces strains will 

produce different secondary metabolites, with 

different abilities or activities [4]. Secondary 

metabolites are natural molecules with diverse 

chemical structures and biological activities that 

play important roles in plants, including defense, 

attraction, communication, and stress mediation [4]

[5]. Streptomyces species has been used as a source 

of new antibiotics because of its potential to 
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produce compounds that have broad biological 

capabilities [6]. Almost two-thirds of all microbial 

antibiotics are initially sources in Streptomyces. 

Cephamycin, chloramphenicol, tetracycline, 

kanamycin, spectinomycin, monensin, and 

mitomycin C are derived from various species of 

Streptomyces, including S. clavuligerus, S. 

venezuelae, S. aureofaciens, S. kanamyceticus, S. 

spectablis, S. cinnamonensis, and S. lavendulae, 

respectively. On the other hand, S. griseus, S. 

avermitilis, and S. cattleya produce streptomycin, 

avermectin polypeptide, and fluorometabolites [3]. 

Moreover, some of the secondary metabolites from 

Streptomyces have been used as lead compounds in 

the pharmaceutical and agricultural fields [7]-[9]. 

Streptomyces can be isolated from marine 

waters, soil, rocks, or even plants whereas the 

growth medium will significantly affect the 

secondary metabolites produced by an organism. 

However, current secondary metabolite profiling 

does not represent all Streptomyces found in several 

mangrove forests in Indonesia [10]-[12] New 

secondary metabolites are expected to be 

discovered from extreme or unique media, 

including mangrove sediments. According to Wang 

et al., Actinomycetes produced from the sea have a 

diversity of structures and bioactivity [13]. 

Therefore, it is expected that Streptomyces isolated 

from mangrove sediments will produce more 

diverse secondary metabolites compared to other 

territories [14]-[16].  

One of the powerful analytical techniques to 

identify secondary metabolites is high-resolution 

mass spectrometry (HRMS) [6][17]. Further, in 

vitro and in silico tests can be used to examine the 

antibiotic activity. The common in vitro assay is 

conducted through agar well diffusion method 

while the in silico method employs a computer that 

is carried out to understand the mechanism of action 

of an antibacterial agent [18].  Molecular docking 

and molecular dynamics simulations are frequently 

used to predict the orientation of a ligand on the 

binding site of a protein receptor and assess the 

level and stability of the binding affinity [19]-[21]. 

All of this is done to increase the cost and time 

efficiency of research because it can speed up the 

process and increase the success rate [18]. 

This research aims to isolate Streptomyces from 

mangrove sediments, to create a profile of 

secondary metabolite compounds produced, and to 

evaluate the antibacterial activity through in vitro 

and in silico tests. This research is crucial as it can 

help discover new secondary metabolites with 

unique biological properties, understand the 

biodiversity of Streptomyces secondary metabolites 

in mangrove forests, develop new strategies for the 

exploration and exploitation of Streptomyces 

secondary metabolites, and study the ecology and 

evolution of Streptomyces secondary metabolites.  

  

2. MATERIALS AND METHODS 

 

2.1. Materials and Methods 

Samples were obtained from mangrove forest 

sediments at Baros Beach, with a geographical 

location of 110°28’50° East Longitude and 7°

 

 

Figure 1. Visualization of PCR electrophoresis results of rRNA isolates A-L isolated from mangrove 

sediments. 
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99’50° South Latitude, Bantul Regency, Special 

Region of Yogyakarta Province, Indonesia. The 

materials used include SCA media (Starch Casein 

Agar), International Streptomyces Project-2 

Medium (ISP-2), Smobio DM2400 marker, 

methanol (Merck), dichloromethane (Merck), and n

-hexane (Merck). The equipment used includes an 

autoclave, laminar airflow and shaker incubator, 

rotary vacuum evaporator, BigDye Terminator v3.1 

kit (Applied Biosystems) and primers, an automated 

DNA sequencer (ABI PRISM 3130 Genetic 

Analyzer; Applied Biosystems), and high-resolution 

mass spectrometry (Thermo Scientific Q Exactive 

Hybrid Quadrupole-Orbitrap Mass Spectrometer). 

The research was conducted at the Microbiology 

Laboratory of the Center for Food and Nutrition 

Studies, Universitas Gadjah Mada, Indonesia. 

 

2.2. Sample Preparation and Isolation 

Sediment samples were taken and put into a 

coolbox, then dried using an oven at 60 °C. Drying 

aims to reduce non-Streptomyces organisms. 

Isolation of bacteria using starch casein agar (SCA) 

media with the pour plate technique follows 

previous research with slight modifications. As 

many as 20 samples that have been filled with 

media are incubated for 6 days at room temperature. 

After the incubation time is reached, bacterial 

colonies are selected based on color, shape, size, 

texture, and turbidity. Furthermore, the samples are 

isolated and purified to be further cultured and 

grown on broth media. 

 

2.3. Identification and Characterization of Isolates 

Bacterial isolates are identified and characterized 

based on colony morphology, color grouping, and 

Gram staining to ensure the uniformity of the types 

included in the genus Streptomyces. Uniform 

bacterial isolates are further analyzed with 16S 

sequencing to ensure that the isolates are included 

in the genus Streptomyces. The results of bacterial 

isolation from mangrove sediment were confirmed 

to be the genus Streptomyces. The isolates that 

were suspected to be pure, DNA were isolated and 

amplified by PCR (with a universal primer) 

according to the method used and analyzed using 

electrophoresis. The level of DNA similarity was 

also evaluated using the basic local alignment 

search tool (BLAST) program and then compared 

with nucleotide sequences stored in the GenBank 

database using National Center for Biotechnology 

Information BLAST. 

 

2.4. Culture, Analysis, and Bioactivity Testing 

Streptomyces culture was developed in starch 

nitrate broth (SNB) media in a shaker incubator 

with a growth rate of aerial mycelium at a 

temperature of 28 °C for 14 days. Harvesting was 

carried out aseptically in laminar airflow. Pellets 

and media were separated by centrifugation and 

 

 

 
 

Table 1. Results of Isolation Sequence Alignment Analysis Using BLAST. 

 

Isolate  Species name  
Max 
score 

Total 
score 

Query 
cover 

% 
Identity 

Streptomyces 
category 

E-value  

A Streptomyces sp. NXHG3 1888 1888 0.0 97% 90.59% Yes 

B Bacterium 1781 1781 0.0 99% 96.80% No 

C Streptomyces castaneus 1487 1487 0.0 92% 91.75% Yes 

D Enterobacter hormaechei 2242 2242 0.0 98% 94.63% No 

E Streptomyces lannensis 863 863 0.0 81% 81.51% Yes 

F Enterobacter hormaechei 2455 2455 0.0 99% 97.03% No 

G Bacillus sp. CCBAU 10759 2429 2429 0.0 99% 97.69% No 

H Streptomyces albogriseolus 952 952 0.0 74% 84.4% Yes 

I Streptomyces sp. OAct 128 2206 2206 0.0 99% 95.44% Yes 

J Bacterium 2457 2457 0.0 99% 97.45% No 

K Staphylococcus sp. 1886 1886 0.0 100% 97.55% No 

L Aeromonas sanarellii 890 890 0.0 71% 84.68% No 
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filtration. The pellets were macerated with 

methanol, while the supernatant was extracted with 

methanol and dichloromethane in a ratio of 1:1. 

Methanol and dichloromethane represent polar and 

non-polar solvents; thus, both polar and non-polar 

compounds could be extracted. Furthermore, 

methanol and dichloromethane are miscible each 

other thus simplify the technical issues during the 

extraction process. The extract was then 

concentrated with a rotary evaporator before being 

analyzed by HRMS. In parallel, the extracts were 

also tested for in vitro bioactivity against 

Staphylococcus aureus, Escherichia coli, and 

Propionibacterium acnes bacteria by the agar 

diffusion method. The bioactivity testing procedure 

against bacteria followed previous studies with 

slight modifications [22]. HRMS data were 

analyzed by sorting mass adducts and their mass 

errors, namely the ratio between theoretical mass 

and observed mass. The compounds obtained were 

then analyzed in silico with molecular docking and 

drug-likeness prediction. Molecular docking was 

performed on the PDB ID 4QGH protein, taken 

from the www.rscb.org page. After initial treatment, 

using the Vina application. Analysis of secondary 

metabolites using the Analyzer facility owned by 

LPPT UGM is HRMS Q-orbitrap mode. 

 

2.5. Molecular Docking and Molecular Dynamics 

Simulations 

The chemical structures of the extracted 

compounds (1–10) are built by using Gaussian 

software. The native ligand, i.e., 2-(3-

chlorophenoxy)-3-fluoro-4-{(1S)-3-methyl-1-[(3S)-

3-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-

yl)piperidin-1-yl]butyl}benzoic acid and 

compounds 1–10 were processed using YASARA 

software and saved in .pdb format. To prepare the 

structure files of the thymidylate kinase protein and 

its native ligand, water molecules, and other 

residues were removed. The simulation cell was 

defined by selecting the native ligand and creating a 

cube-shaped cell based on the Cartesian coordinate 

of the ligand. The native ligand was then removed 

and the protein structure with simulation cell was 

saved in .yob format. The molecular docking was 

performed using the VINA-based YASARA 

software according to the reported procedure [23]. 

Each individual compound was docked with 100 

VINA runs and the docked structure was visualized 

with Discovery Studio software. The molecular 

dynamics simulations were performed for the most 

potential compound. The simulation was done for 

100 ns with a pH of 7.4 employing AMBER14 

forcefield at 37 oC following the previous method 

[23]. Each snapshot was analyzed to obtain the root 

mean square deviation (RMSD), root mean square 

fluctuation (RMSF), and hydrogen bond stability. 

Furthermore, the drug-likeness analysis was carried 

out using the SwissADMET online program 

(www.swissADMET.ch).  

 

3. RESULTS AND DISCUSSIONS 

 

3.1. Sample Preparation, Isolation, and 

Identification of Isolates 

The genus Streptomyces isolates that were 

suspected to be pure, DNA were isolated and 

amplified by PCR (with a universal primer) 

according to the method used and analyzed using 

 

 

 
 

 
Figure 2. Phylogenic Tree bacterial isolate I results of sequencing analysis 16S.  

http://www.swissADMET.ch
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electrophoresis so that a visualization of the band 

was obtained in Figure 1 [24]. The sample bands 

that are parallel or nearly parallel to the 1500 bp 

band, indicate that it is likely that all samples 

contain DNA fragments of about 1500 bp in size, as 

the target DNA was Streptomyces. In addition to 

the presence of the target band, there are not many 

faint bands or "smears", which can indicate the 

absence of contamination or DNA degradation. The 

intensity of the band can also provide clues about 

the efficiency of the DNA amplification process, 

PCR. The next step is BLAST which is used to 

obtain a level of similarity with existing 

Streptomyces bank data. Based on BLAST data, 

isolate I has similarities with Streptomyces sp. The 

results of the 16S rRNA analysis are acceptable if 

they have at least a >95% similarity rate [25]. 

Isolate I has a similarity rate of 95.44% with 

Streptomyces sp. Therefore, it can be ascertained 

that this isolate is a genus of Streptomyces.  

Bacterial identification with the 16S rRNA 

sequencing method has several advantages, 

including faster and more accurate because it is not 

biased. In general, the process is passed through 

DNA extraction, amplification of the 16S region 

using PCR, and gene visualization by 

electrophysiology, sequencing, and processing the 

sequencing data with bioinformatics. The success of 

the gen extraction and amplification of the 16S 

region can be seen from the visualization of the 

 

 

 
 

Figure 3. The chemical structures of the extracted compounds from the isolate.  
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electrophoresis results in Figure 1. It can be seen 

that the band is quite thick and not shaded, 

indicating that the gene extraction results have been 

successful. The sequencing results were compared 

with bank data using the BLAST which can be 

accessed through the NCBI page. (https://

www.ncbi.nlm.nih.gov/). Of the 12 samples that 

were successfully isolated, there were 5 isolates 

belonging to the genus Streptomyces, namely 

isolates A, C, E, H, and I as shown in Table 1.  

To identify bacterial species, we employed 16S 

rRNA sequencing followed by BLAST alignment 

analysis. Each bacterial isolate underwent 

sequencing to determine its species name based on 

sequence similarity to known 16S rRNA gene 

sequences in databases. The resulting alignment 

metrics, including max score, total score, E-value, 

query cover, and % identity, were evaluated to 

assess identification quality. The majority of 

isolates exhibited high %identity values, typically 

exceeding 90%, indicating accurate species 

matching. For instance, isolate A was identified as 

Streptomyces sp. NXHG3 with a 90.59% identity, 

while isolate C matched to Streptomyces castaneus 

with 91.75%, demonstrating reliable classification. 

Even isolates with slightly lower % identity values, 

such as isolate E (Streptomyces lannensis at 

81.51%), were still confidently identified. To 

streamline analysis, a "Streptomyces category" was 

included to indicate species belonging to the 

Streptomyces genus. Several isolates, including A, 

C, E, H, and I, were categorized as Streptomyces, 

validating the method's effectiveness for identifying 

species within this genus. Overall, the 16S rRNA 

sequencing and BLAST analysis approach proved 

to be a robust and accurate method for bacterial 

species identification, as evidenced by the high 

similarity scores and low E-values obtained across 

all isolates.  

The phylogenetic tree in Figure 2 illustrates the 

evolutionary relationships among sample I and 

other Streptomyces species. The root of the tree 

represents the common ancestor of all taxa 

analyzed. The branches on the tree indicate 

evolutionary divergence over time. Branch lengths 

generally represent the number of genetic changes 

that have occurred. The studied sample (marked in 

blue) branches at a specific point on the tree, 

indicating that it shares a more recent common 

ancestor with certain Streptomyces species than 

with others. This branching position suggests a 

closer relationship between the sample and the 

 

 

 
Figure 4. Results of in vitro test of streptomyces extract (first row) and chloramphenicol (second row) 

against (a) P. acne, (b) S. aureus, and (c) E. coli bacteria. 

  

https://www.ncbi.nlm.nih.gov/
https://www.ncbi.nlm.nih.gov/
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Streptomyces species located on the same branch. 

Based on this phylogenetic tree, it can be concluded 

that sample I likely originates from the same 

evolutionary lineage as the Streptomyces species on 

the closest branch. This indicates a close 

evolutionary relationship between the sample and 

these species. It is probable that the sample and 

these related species share similar phenotypic and 

genotypic characteristics, such as the ability to 

produce secondary metabolites or adaptations to 

specific environments.The phylogeny tree results 

from 16S rRNA sequencing analysis showed that 

isolate I was Streptomyces. Based on 16S 

sequencing data and PCR electrophoresis 

visualization, breeding was carried out on isolate I. 

Breeding was carried out on a 1 L Erlenmeyer glass 

with a liquid volume of 200 mL. Breeding is carried 

out in an incubator shaker at room temperature for 

14 days at a speed of 130 rpm following the 

previous methods [22][26]-[30].  

A list of compounds resulting from HRMS and 

each mass error is available in Table 2 while their 

chemical structures are shown in Figure 3. 

Secondary metabolite profiling from HRMS data 

concerning the mass error of a maximum of 5 ppm. 

At a retention time of 8.53 min, the positive ion 

mode, the compound indicated as N-[(2S)-1-

hydroxy-3-phenylpropan-2-yl]benzamide (NP-

001798). It was declared new because it had not 

been recorded on the mass bank website. According 

to calculations, this compound has a mass accuracy 

of 4.0 ppm, so the mass specification is met. The 

diphenoconazole spectrum, an antifungal 

commonly used in agriculture, appeared at a 

retention time of 16.96 min. However, due to the 

mass accuracy of 5.9 ppm, it is said that the mass 

 

 

Figure 5. The binding conformation of each compound in the active site of the thymidylate kinase protein.  
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accuracy is not convincing. At a retention time of 

20.09 min, the compound indicated as SB236057A 

was read with a mass accuracy of 5.5 ppm. This 

compound, also called serotonin receptor (5HT), is 

a protein involved in neurological and biological 

matters [26][27]. One of the compounds that is a 

sterol, solanidin, is a glycoalkaloid steroid 

compound found in the vegetable family solaniceae 

[31]. Daidzein and genistein are flavonoid 

compounds (isoflavones) derived from soybean 

plants [32]. These compounds are known to have 

abilities such as anticancer, antioxidant, anti-

inflammatory, and preventing hepatitis C. Both 

compounds appear in negative ion mode and have 

an accuracy of less than 2 ppm. The 2-

(acetylamino)-3-(1H-indole-3-yl)proanoic acid is 

also read in negative mode and has a mass accuracy 

of 0.3 ppm. The compound recorded at a retention 

time of 8.47 min was indicated as (R,Z)-2-((1-

hydroxyethylidene)amino)-3-phenylpropanoic acid, 

with a calculated mass accuracy of 1.49 ppm. The 

new compound read at a retention time of 14.28 

min was indicated as (Z)-3-hydroxydodec-5-enoic 

acid with a mass accuracy of 1.4 ppm. Meanwhile, 

at a retention time of 18.59 min, the compound read 

was indicated as 5a-hydroxy-1,7,7-trimethyl-

1,2,3,3a,5a,6,7,8-octahydrocyclopenta[c]pentalene-

4-carboxylate. The mass accuracy obtained from 

the calculation of theoretical mass and measured 

mass is 0.4 ppm. Difenoconazole compound, which 

is known as one of the antifungals that are often 

applied to vegetable plants, is thought to be a 

residual compound that affects S. Setonensis 

metabolism. 

 

3.2. Antibacterial Activity of The Isolate 

The results of the bioactivity test of the extract at 

1000 ppm concentration showed the ability to 

inhibit Gram-positive and Gram-negative bacteria 

such as P. acnes, S. aureus, and E. coli with 

inhibition zones of 14, 14, and 15 mm, respectively 

(Figure 4). As the positive control, chloramphenicol 

gave the inhibition zone of 28, 27, and 30 mm, 

respectively.  

 

3.3. Molecular Docking and Molecular Dynamics 

Simulations 

The molecular docking is done to predict the 

potential component of the extract that actively 

inhibits the function of thymidylate kinase protein 

for a representative study of the antibacterial agents. 

Thymidylate kinase protein plays a crucial role in 

the DNA synthesis of S. aureus; thus, this protein 

has been widely used as a potential target for 

antibacterial agents [33]. At first, each compound in 

the extract was located in the same Cartesian 

coordinate as same as the native ligand to evaluate 

their binding conformation. As the native ligand 

4QGH, is inhibitor of TMK enzymes and it could 

interact with the amino acids Arg48, Arg70, Val51, 

Leu52, Pro38, Phe66, Gln101, and Ser97 [34][35]. 

The binding conformation of each compound in the 

active site of the thymidylate kinase protein is 

shown in Figure 5 while the formed interactions are 

 

 

Table 3. Molecular docking results of the extracted compounds. 

 

 
 

Compound Binding energy (kcal/mol) Binding constant (µM) Hydrogen bonding 

1 -8.012 1.34 Arg70 and Ser97 

2 -7.966 1.45 Lys15 and Arg92 

3 -9.658 0.08 - 

4 -8.302 0.82 Ser69 

5 -7.339 4.17 Gln101 

6 -7.242 4.92 Ser69 and Gln101 

7 -6.454 18.58 Arg70, Ser97, and Gln101 

8 -6.959 7.92 Glu37 

9 -7.035 6.97 Glu37 and Ser69 

10 -7.686 2.32 
Glu37, Gln101, and Ar-

g105 

Chloramphenicol -7.043 6.88 Glu37, Arg70, and Ser97 
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Figure 6. The binding interactions of each compound in the active site of the thymidylate kinase protein. 
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visualized in Figure 6. Figure 5 shows that all 

compounds could fit and interact with the active site 

of the thymidylate kinase protein. From the 

molecular point of view, each compound in the 

extract exhibits unique chemical interactions.  

The molecular docking data are listed in Table 3. 

Compound 1 interacted with Arg70 and Ser97 

residues via hydrogen bonds; with Glu37, Phe66, 

and Tyr100 residues via pi-pi T-shaped and amide-

pi stacked interactions; with Pro38 residue via pi-

alkyl interaction; and with Arg48, Ser69, Arg92, 

Ser96, and Gln101 residues via van der Waals 

interaction. These interactions yielded -8.012 kcal/

mol binding energy and 1.34 µM binding constant. 

Compound 2 interacted with Lys15 and Arg92 

residues via hydrogen bonds; with Glu11 and Ser69 

residues via carbon-hydrogen bonds; with Pro38, 

Ile47, Arg48, Val51, and Tyr100 residue via alkyl 

and pi-alkyl interactions; and with Pro10, Gly12, 

Ser13, Glu37, Leu52, and Leu65 residues via van 

der Waals interaction. These interactions yielded -

7.966 kcal/mol binding energy and 1.45 µM 

binding constant. Compound 3 interacted with 

Glu37 residues via carbon-hydrogen bond; with 

Glu11 via pi-anion interaction; with Phe66 and 

Tyr100 residues via pi-pi T-shaped and pi-pi 

stacked interactions; with Arg92 residue via pi-

alkyl interaction; and with Lys15, Thr16, Arg36, 

Pro38, Arg48, Asp70, Asp91, Ser96, Ser97, 

Gln101, and Asn145 residues via van der Waals 

 

 

 
Figure 7. The molecular dynamics simulations results: (a) ΔRMSD, (b) RMSF, (c) carbon-hydrogen bond 

stability between compound 3 with Glu37 residue in the active site of the thymidylate kinase protein, (d) 

solvent accessible surface area, and (e) radius of gyration. 
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interaction. These interactions yielded -9.658 kcal/

mol binding energy and 0.08 µM binding constant. 

Compound 4 interacted with Ser69 residue via 

hydrogen bond; with Leu52, Phe66, and Phe159 

residues via alkyl and pi-alkyl interaction; and with 

Glu11, Arg36, Glu37, Pro38, Arg48, Val51, Arg92, 

Tyr100, and Arg105 residues via van der Waals 

interaction. These interactions yielded -8.302 kcal/

mol binding energy and 0.82 µM binding constant. 

Compound 5 interacted with Gln101 residue via 

hydrogen bond; with Phe66 residue via pi-pi 

stacked interaction; with Arg92 residue via pi-alkyl 

interaction; and with Glu11, Glu37, Arg70, Tyr93, 

Ser96, Ser97, Tyr100, Arg105, and Phe159 residues 

via van der Waals interaction. These interactions 

yielded -7.339 kcal/mol binding energy and 4.17 

µM binding constant. 

On the other hand, compound 6 interacted with 

Ser69 and Gln101 residues via hydrogen bonds; 

with Phe66 and Tyr100 residues via pi-pi T-shaped 

and pi-pi stacked interactions; and with Arg36, 

Glu37, Pro38, Arg70, Asp91, Ser96, and Ser97 

residues via van der Waals interaction. These 

interactions yielded -7.242 kcal/mol binding energy 

and 4.92 µM binding constant. Compound 7 

interacted with Arg70, Ser97, and Gln101 residues 

via hydrogen bonds; with Arg92 and Tyr100 

residues via pi-anion and attractive charge 

interactions; with Ile47, Val51, and Phe66 residues 

via pi-alkyl interaction; and with Glu37, Pro38, 

Arg48, Leu65, Ser69, and Ser96 residues via van 

der Waals interaction. These interactions yielded -

6.454 kcal/mol binding energy and 18.58 µM 

binding constant. Compound 8 interacted with 

Glu37 residue via hydrogen bond; with Arg70 

residues via attractive charge interaction; with 

Pro38 and Ser69 residues via carbon-hydrogen 

bond; with Val51, Leu52, Phe66, and Arg92 

residues via pi-alkyl interactions; and with Arg36 

and Arg48 residues via van der Waals interaction. 

These interactions yielded -6.959 kcal/mol binding 

energy and 7.92 µM binding constant. Compound 9 

interacted with Glu37 and Ser69 residues via 

hydrogen bonds; with Pro38 residue via carbon-

hydrogen bond; with Pro66 and Tyr100 residues via 

pi-pi stacked and pi-pi T-shaped interactions; and 

with Arg36, Arg48, Arg70, Arg92, Ser96, Ser97, 

and Gln101 residues via van der Waals interaction. 

These interactions yielded -7.035 kcal/mol binding 

energy and 6.97 µM binding constant. Compound 

10 interacted with Glu37, Gln101, and Arg105 

residues via hydrogen bonds; with Phe159 via pi-

donor hydrogen bond; with Phe66 and Phe159 

residues via pi-pi stacked interactions; with Arg92 

residue via pi-alkyl interaction; and with Glu11, 

Arg70, Ser96, Ser97, and Tyr100 residues via van 

der Waals interaction. These interactions yielded -

7.686 kcal/mol binding energy and 2.32 µM 

binding constant. 

Among the evaluated compounds, compound 3 

gave the strongest binding energy (-9.658 kcal/

mol), as well as the lowest binding constant 

(83289.86 pM) due to various chemical 

interactions, i.e., carbon-hydrogen bond, pi-anion, 

 

 

Table 4. Drug-likeness analysis of the extracted compounds. 

 
 

Compound MW (Da) Log P Log S H donor H Acceptor BBB GI 

1 255.31 2.69 1.09×10-1 2 3 Yes High 

2 406.26 2.92 2.10×10-3 1 5 Yes High 

3 534.65 5.05 9.58×10-5 0 6 No High 

4 397.64 4.47 2.87×10-4 1 2 Yes High 

5 254.24 1.77 7.51×10-2 2 4 Yes High 

6 246.26 1.33 2.04 3 3 No High 

7 214.30 2.54 6.94×10-1 2 3 Yes High 

8 250.33 2.25 2.84×10-1 2 3 Yes High 

9 207.23 1.48 1.32 2 4 Yes High 

10 270.24 1.91 5.11×10-2 3 5 No High 

Chloramphenicol 323.13 0.49 1.54 3 5 No High 
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pi-pi T-shaped, pi-pi stacked, pi-alkyl, and via van 

der Waals interaction. As the commercial 

antibacterial drug, chloramphenicol interacted with 

Glu37, Arg70, and Ser97 residues via hydrogen 

bondings; with Arg36 via carbon-hydrogen bond; 

with Phe66 residue via pi-pi stacked interaction; 

with Arg92 residue via pi-alkyl interaction; and 

with Val51, Pro38, Arg48, Asp91, Ser69, Tyr100, 

Gln101, and Ser96 residues via van der Waals 

interaction. However, chloramphenicol generated 

unfavorable acceptor-acceptor interaction with 

Glu37 residue; thus, weakening its binding energy 

of -7.043 kcal/mol with a binding constant of 6.88 

µM. The binding energy of compound 3 was still 

stronger than that of chloramphenicol, as well as the 

binding constant of compound 3 was lower than 

chloramphenicol, demonstrating the potential 

application of compound 3 as a new antibacterial 

agent. 

To evaluate the stability of the non-covalent 

interactions between compound 3 and the amino 

acid residues of thymidylate kinase protein, the 

molecular dynamics simulations were investigated. 

The simulation was performed in a 74.0 × 73.5 × 

75.5 Å box containing thymidylate kinase protein 

with 195 amino acids, as well as 6744 water 

molecules, 28 sodium ions, and 19 chloride anions 

to reach a plateau total potential energy of the 

system at -367000 kJ/mol. The RMSD, RMSF, and 

carbon-hydrogen bond stability with Glu37 residue 

results are shown in Figure 7. The RMSD value was 

expressed as ΔRMSD value in which the first 5 ns 

was assumed as the equilibration process [23]. The 

ΔRMSD value of the molecular dynamics 

simulations was in a range of 0.18 ± 0.06 Å. This 

value is acceptable as the ΔRMSD value was not 

higher than 2 Å as the maximum threshold. 

Furthermore, the RMSF value was also found in 

1.27 ± 0.56 Å. This value is also acceptable as the 

RMSF value was not higher than 3 Å as the 

maximum threshold. Both ΔRMSD and RMSF 

values show that the structures of thymidylate 

kinase protein and compound 3 were stable during 

the molecular dynamics simulations for 100 ns. 

Furthermore, the radius of gyration and solvent 

accessible surface area data for compound 3 were 

found to be 17.10 ± 0.09 Å and 10259 ± 124.91 

nm2, respectively, showing the compactness of the 

complex structure. These results were confirmed by 

the observation of the carbon-hydrogen bond with 

Glu37 until the end of the simulation time. From 

these results, it can be concluded that compound 3 

is recommended for antibacterial agent application 

due to its unique and stable chemical interactions 

with the thymidylate kinase protein of S. aureus. 

Further drug-likeness analysis was also 

performed to evaluate the pharmacokinetic 

parameters of the extracted compounds as listed in 

Table 4. This analysis pays attention to Lipinsky's 

rule, which is often called the Rule of Five, i.e., 

molecular mass less than 500 Da, log P less than 

4.15, hydrogen bond donor less than 5, and the 

number of hydrogen bond acceptors less than 10. 

Compounds that meet this rule are stated to have 

drug-likeness properties. All extracted compounds, 

only compound 6 that has Lipinsky’s rule violation, 

as log P > 4.5. However, the results of the drug-

likeness shows that all compounds have high 

probability of being absorbed passively by the 

digestive tract. Further blood-brain barriers (BBB) 

permeability parameter stated that compounds 1, 2, 

4, 5, 7, 8, and 9 could cross BBB while all 

compounds exhibited high gastrointestinal (GI) 

absorption. It means all compounds meet the 

Lipinsky regulation, so they are easy to adsorb, and 

distributed through the bloodstream, although cell 

membranes in different tissues have different 

permeability to drugs.  Blood flow to the tissue will 

also affect the rate of drug distribution. Tissues with 

high perfusion (e.g. heart, kidneys) will receive the 

drug faster. Compound 6, has the most permeability 

skin so that it penetrates the skin most easily The 

metabolism of compounds in the liver will be 

affected by the pharmacokinetic parameters of 

CYP1A2 in compounds 1, 2, and 10 showing that 

they inhibit phase 1 metabolism in the liver. 

 

4. CONCLUSIONS 

 

The Streptomyces has been successfully isolated 

from mangrove sediments from the Baros coast of 

Yogyakarta which has a resemblance level of 

95.44% to Streptomyces sp.  The compound profile 

produced by Streptomyces isolates I is in the form 

of benzimidic acid, diphenoconazole, SB, solanines 

(sterols), daidzein (flavonoids), propanoic acid, NP 

(carboxylic acid), NP (propanoic acid), and 

genistein (flavonoid). In vitro testing showed that 
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the extract was able to inhibit P. acne, S. aureus, 

and E. coli bacteria. Further in silico tests with 

molecular docking showed that compound 3 was 

able to bind well to the thymidylate kinase protein, 

so it is suspected that this compound has the ability 

to be a promising antibacterial agent, as supported 

by the molecular dynamics simulations. According 

to drug-likeness analysis, the chemical compound 

exhibits good bioavailability and pharmacokinetic 

properties. This finding contributes to the 

knowledge of microbial biodiversity in mangrove 

sediments.  
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