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 Abstract 
The increasing prevalence of antibiotic-resistant bacteria poses a critical global 
health concern, necessitating the exploration of novel antibacterial solutions. 
Endophytic bacteria, which colonize plant tissues without causing harm, have 
gained attention as potential sources of bioactive metabolites. This study aimed 
to isolate and characterize endophytic bacteria from Bambusa vulgaris leaves 
and evaluate their antibacterial potential against pathogenic microorganisms. 
Leaf samples were collected from Bekasi, West Java, and subjected to a surface 
sterilization process prior to bacterial isolation. A total of 12 bacterial strains 
were successfully obtained and screened for antibacterial activity against 
Bacillus subtilis, Propionibacterium acnes, Pseudomonas aeruginosa, and 
Staphylococcus epidermidis using the agar well diffusion assay. Three isolates 
exhibited notable inhibitory activity, with P8 demonstrating the strongest 
antibacterial effects against B. subtilis, P. acnes, and S. epidermidis. The two most 
potent isolates, P8 and K3, were characterized via 16S rRNA gene sequencing. 
Genomic DNA extraction was performed, followed by Polymerase Chain 
Reaction (PCR) amplification using the universal primers 27F (5′-
AGAGTTTGATYMTGGCTCAG-3′) and 1492R (5′-GGTTACCTTGTTACGACTT-3′). 
Sequencing and The Basic Local Alignment Search Tool (BLAST) analysis 
confirmed that isolate P8 exhibited 100% similarity to B. subtilis strain LZH-
H1, whereas isolate K3 shared 99.85% similarity with Pantoea stewartii subsp. 
indologenes strain SR2-12. These findings suggest that endophytic bacteria 
from B. vulgaris endohytic bacteria hold promise as potential sources of 
antibacterial compounds. Further research is necessary to purify and 
characterize these bioactive metabolites for potential pharmaceutical 
applications. 
 

 
 

1. INTRODUCTION 

Bamboo is a highly versatile plant with applications spanning construction, agriculture, and traditional  

medicine. Among its many species, Bambusa vulgaris has attracted interest due to its diverse range of bioactive  

compounds, which have demonstrated antimicrobial, antioxidant, and anti-inflammatory properties (1,2). The leaves  

of B. vulgaris are particularly noted for their rich content of secondary metabolites, such as flavonoids,  

alkaloids, polyphenols, and tannins, which contribute to their antimicrobial potential (3,4). Various study indicate that B. 

vulgaris leaf extracts exert inhibitory effects against several pathogenic bacteria, including Escherichia coli,  

Pseudomonas aeruginosa, Proteus mirabilis, and Staphylococcus aureus, making them promising candidates for  

antibacterial applications (5). However, the direct extraction of plant-based bioactive compounds presents  

sustainability concerns, as continuous harvesting may contribute to biodiversity loss and environmental degradation (6,7). 
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To mitigate these challenges, researchers have shifted their focus to alternative sources of antibacterial compounds, 

particularly endophytic bacteria, which can produce similar bioactive metabolites and reside naturally within bamboo 

tissues. 

Endophytic bacteria are microorganisms that inhabit plant internal structures without inducing disease (8). These 

microbial communities engage in symbiotic interactions with their host, often enhancing plant growth, stress tolerance, 

and natural defense mechanisms while synthesizing secondary metabolites with potential pharmaceutical applications (9). 

Several studies have highlighted endophytes as prolific producers of antimicrobial compounds, positioning them as 

promising alternatives to traditional plant-derived bioactive agents (10,11). Bacterial endophytes have been identified as 

producers of antibacterial substances comparable to those found in their host plant, underscoring their relevance in the 

discovery of natural product (12,13). By leveraging endophytes instead of whole plants, bioactive compounds can be 

obtained in a more sustainable and environmentally responsible manner. 

The growing demand for novel antibacterial agents is particularly evident for treating skin infections caused by 

antibiotic-resistant bacteria. Dermatological infections can arise from various pathogenic microorganisms, including S. 

epidermidis, Propionibacterium acnes, Bacillus subtilis, and P. aeruginosa (14,15). These bacteria contribute to acne, 

abscesses, chronic wounds, and other skin-related ailments, posing significant challenges to dermatological care (16). For 

instance, S. epidermidis is a leading cause of hospital-acquired infections, frequently exhibiting multidrug resistance, 

thereby complicating treatment efforts (17,18). Similarly, P. acnes is a key contributor to acne vulgaris, a common skin 

disorder that affects millions of people worldwide (19). The rise of antibiotic resistance has rendered many conventional 

treatments less effective, reinforcing the urgent need for alternative therapeutic strategies that can efficiently target skin 

pathogens while reducing the risk of resistance development. 

Bamboo-associated endophytic bacteria possess the capacity to produce antimicrobial compounds that are effective 

against skin-infecting pathogens (20,21). These bacteria generate bioactive metabolites that not only inhibit bacterial 

growth but also interfere with biofilm formation and attenuate virulence factors, making them valuable assets in 

antimicrobial research (22,23). Unlike synthetic antibiotics, endophyte-derived antibacterial compounds are less likely to 

induce resistance and often exhibit lower toxicity, making them attractive candidates for future therapeutic applications 

(24). By identifying and characterizing endophytic bacteria from B. vulgaris, the study can uncover novel bioactive 

compounds with potential use in treating drug-resistant skin infections. 

To fully harness the potential of bamboo-derived endophytic bacteria, they must be identified and classified 

accurately using molecular techniques, particularly 16S rRNA gene sequencing (25). This technique provides precise 

taxonomic classification, enabling researchers to explore phylogenetic relationships among isolates and determine their 

biotechnological potential (26). In addition, laboratory-based antibacterial screening of endophytic isolates can help 

pinpoint the most promising strains for further development into potential therapeutic agents. 

Given the pressing need for alternative antimicrobial solutions, this study aims to isolate and characterize 

endophytic bacteria from B. vulgaris leaves and evaluate their antibacterial properties against common skin pathogens. 

Through 16S rRNA gene sequencing, we aim to identify bacterial strains with high antimicrobial potential. The findings of 

this research could contribute to the discovery of novel antibacterial compounds derived from bamboo endophytes, 

offering a sustainable, plant-based alternative for combating antibiotic-resistant skin infections. This study may pave the 

way for the development of natural antimicrobial treatments by expanding our understanding of bamboo-associated 

endophytes, particularly in the fields of dermatology and infectious disease management. 

 

2. MATERIALS AND METHODS  

2.1. Equipment and Materials 

Bamboo (Bambusa vulgaris) leaves, which served as the source for endophytic bacteria were the primary plant 

material used. The chemical reagents used in this study included agarose, distilled water, demineralized water (Brataco, 

Indonesia), sterile water for injection (Ikapharmindo Putramas, Indonesia), sulfuric acid (Merck, Germany), barium 

chloride (Merck, Germany), buffer solutions, ethanol (Merck, Germany), sodium hypochlorite (Merck, Germany), and 

nuclease-free water. A Genomic DNA extraction kit (Geneaid, Taiwan) was used for molecular analysis, while PCR mix and 

primers 27F (AGAGTTTGATYMTGGCTCAG) and 1492R (GGTTACCTTGTTACGACTT) facilitated amplification. The 

microbiological media and staining agents included Mueller-Hinton agar (Himedia, India), Mueller-Hinton broth (Himedia, 

India), nutrient agar (Merck, Germany), nutrient broth (Himedia, India), crystal violet (Merck, Germany), Lugol’s iodine 

solution (Merck, Germany), chloramphenicol, and safranin (Merck, Germany) for bacterial staining. 

The bacterial cultures used in this study were pathogenic strains sourced from the Microbiology Laboratory, Faculty 

of Pharmacy, Universitas Singaperbangsa Karawang, including Bacillus subtilis ATCC 6633, Propionibacterium acnes ATCC 

6919, Pseudomonas aeruginosa ATCC 27853, and Staphylococcus epidermidis FNCC 0048. The combination of specialized 

laboratory instruments, high-quality reagents, and well-characterized bacterial cultures ensured the accuracy and 

reliability of the experimental procedures conducted in this study. 
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2.2. Plant Collection and Surface Sterilization 

The plant samples used for bacterial isolation were collected from the B. vulgaris leaves (Figure 1) in Bekasi, West 

Java. Whole plant specimens were identified at the Herbarium Jatinangor Laboratory, Plant Taxonomy Division, 

Department of Biology, Faculty of Mathematics and Natural Sciences (FMIPA), Universitas Padjadjaran (UNPAD), 

confirming the species as B. vulgaris Schard. Ex. J.C. Wendl, commonly referred to as green bamboo (Bambu Ampel Hijau). 

To maintain freshness, sample collection was conducted in the mornings between February and March 2023. Only young 

and healthy leaves from the branch tips were selected for analysis. After collection, the leaves were thoroughly rinsed under 

running water to remove any external contaminants. 

Sterilization was then carried out to ensure that the leaves were free of contaminant. This step was performed by 

immersing the leaves in 70% alcohol for 1 min, subsequently immersing them in a 2.5% sodium hypochlorite solution for 

4 min, and finally immersing them in 96% ethanol for 30 s. Then, the leaves were rinsed with sterile distilled water. The 

sterile distilled water obtained from the final rinse was introduced into nutrient agar (NA) media (Merck, Germany) to 

verify the success of sterilization. After sterilization, the specimens were placed in an incubator at 37°C for 48 h. If no 

microbial growth appeared in the control plate after incubation, the sterilization procedure was assumed to have 

successfully eliminated all external contaminants (27). 

2.3. Isolation, Purification, and Preservation of Endophytic Bacteria 

The sterilized leaf samples were ground using a sterile mortar and diluted to a concentration of 103. From this 

dilution, a 100-µL aliquot was inoculated onto the surface of NA medium supplemented with nystatin using the spread plate 

method. Replication was performed 5 times. The plates were then incubated at 37°C for a period of 4 - 7 days to allow the 

growth of endophytic bacteria. Endophytic bacteria colonies were carefully collected from the surface of the NA medium 

using a sterile inoculation needle and sub cultured repeatedly until pure colonies were obtained. Purification was achieved 

by streaking the pure colonies onto fresh NA plates (28). After pure bacterial colonies had been obtained, they were stored 

in a solution containing 80% glycerol, stored at -80°C which acts as a cryoprotectant. This glycerol stock was utilized for 

subsequent experimental. 

2.4. Fermentation and Antibacterial Activity Screening of Endophytic Bacteria 

Pure bacterial isolates obtained from NA were inoculated into sterile nutrient broth (NB) (Merck, Germany) and 

incubated at 37°C for 2 days under stationary conditions. After incubation, the cultures were homogenized using a vortex 

mixer to ensure uniform distribution. The antibacterial potential of the fermented endophytic bacterial isolates was 

assessed against Bacillus subtilis ATCC 6633, Propionibacterium acnes ATCC 6919, Pseudomonas aeruginosa ATCC 27853, 

and Staphylococcus epidermidis FNCC 0048. Bacteria were cultivated in Mueller-Hinton Broth (Himedia, India) at 37°C for 

24 h in a shaking incubator at 150 rpm. The bacterial suspension was then standardized to 0.5 McFarland turbidity to 

maintain uniform cell density across all assays (29,30). 

 

 

 

Figure 1. Collection of Bambusa vulgaris leaves and  
example result of endophytic bacteria isolation 
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The screening of endophytic bacterial metabolites was performed using the agar well diffusion method. A 0.1 mL 

aliquot of the fermented endophytic bacterial culture was dispensed into wells on Mueller-Hinton agar plates, with 

chloramphenicol and sterile NB medium as the serving as the positive control and negative control, respectively. The plates 

were incubated at 37°C for 24 h, after which the antibacterial activity was evaluated using a caliper to measure the diameter 

of the inhibition zones (in mm). Clear zones around the wells indicated bacterial growth inhibition, which was recorded for 

further analysis (30,31). 

2.5. Morphological Identification of Endophytic Bacteria 

Identifying endophytic bacteria involves a comprehensive assessment of pure antibacterial isolates. This process 

includes both macroscopic and microscopic analyses. During the macroscopic examination, the colony morphology, 

including its shape, edges, elevation, and color was observed. Gram staining was used for microscopic analysis to identify 

and observe the cell shapes (32). 

2.6. Molecular Identification of Selected Endophytic Bacterial Isolates Using 16S rRNA Gene 
Sequencing 

A systematic molecular identification approach was employed to confirm the uniqueness and purity of the  

bacterial isolates under investigation. This process included selecting isolates based on antibacterial activity,  

extracting genomic DNA, amplifying the 16S rRNA gene via polymerase chain reaction (PCR), sequencing the  

amplified gene, and performing bioinformatics analysis to determine their taxonomic classification (33). Two isolates,  

P8 and K3, were selected for molecular identification due to their significant antibacterial activity against Bacillus  

subtilis ATCC 6633, Propionibacterium acnes ATCC 6919, Pseudomonas aeruginosa ATCC 27853, and  

Staphylococcus epidermidis FNCC 0048. All procedures were conducted under strict aseptic conditions to maintain  

accuracy and prevent cross-contamination, using only single-colony cultures for DNA extraction and subsequent  

molecular analysis. 

Genomic DNA was extracted using the Geneaid Genomic DNA Extraction Kit (Geneaid Biotech Ltd., New Taipei  

City, Taiwan). The procedure started with sample preparation, where 200 µL of GT buffer and 10 µL of Proteinase K  

were added to the bacterial suspension, followed by vortexing to ensure uniformity. Then, the sample was incubated at 

60°C for 15 min, with intermittent vortexing every 5 min. Bacterial lysis was facilitated by adding 200 µL of GBT  

buffer, followed by an additional 10-min incubation at 60°C, with occasional vortexing to enhance cell disruption. The DNA 

binding step involved adding 200 µL of absolute ethanol, vortexing the mixture, and transferring it to a GS column attached 

to a collection tube. The column was then centrifuged at 10,000 rpm for 2 min, and the flow-through was discarded. The 

washing step involved sequential washes with 400 µL of W1 buffer, followed by 600 µL of wash buffer, followed by 

centrifugation at 10,000 rpm for 30 s and subsequent removal of the supernatant. A final centrifugation at 10,000 rpm  

for 2 min ensured the complete drying of the column matrix. For DNA elution, the GS column was placed into a new  

1.5 mL microtube, and 100 µL of preheated elution buffer was added directly to the center of the column. After  

incubation for 5 min, the samples were centrifuged at 10,000 rpm for 30 s. The extracted DNA was then stored at -20°C for 

subsequent analysis. 

Amplification of the 16S rRNA gene was performed using PCR in a 20 µL reaction mixture containing 1  

unit of Taq polymerase, buffer, 5 µL of template DNA, 1 µL of primer 27F, 1 µL of primer 1492R, 10 µL of 2× PCR mix,  

and 3 µL of nuclease-free water. The universal primers used for amplification were 27F (5′-AGAGTTTGATYMTGGCTCAG-

3′) and 1492R (5′-GGTTACCTTGTTACGACTT-3′). The PCR conditions included an initial denaturation at 94°C for  

4 minutes, followed by 35 cycles of denaturation at 94°C for 1 minute, annealing at 55°C for 1 min, and extension  

at 72°C for 2 min, with a final extension at 72°C for 3 min. The PCR products were analyzed via gel electrophoresis, 

 and the amplified DNA bands were visualized using an ultraviolet transilluminator to confirm successful  

amplification. 

For 16S rRNA gene sequencing, 30 µL of unpurified PCR product and primers (at a concentration of 10 µM)  

were sent to PT Genetika Science Indonesia (Tangerang, Indonesia) for sequencing, performed by 1st BASE  

(Seri Kembangan, Malaysia). Sequencing data were analyzed using the Basic Local Alignment Search Tool (BLAST) on  

the National Center for Biotechnology Information (NCBI) platform to determine sequence similarity with known  

bacterial species (34,35). To confirm the taxonomic classification, phylogenetic analysis was conducted  

using bioinformatics software, including SnapGene Viewer, BioEdit, and MEGA X, enabling the construction of  

phylogenetic trees and comparative sequence analysis. These analyses ensured the accurate identification of  

bacterial strains and provided insight into their evolutionary relationships (36–38). This study confirmed the identity of 

P8 and K3 as unique endophytic bacterial isolates by integrating antibacterial activity screening, genomic DNA extraction, 

PCR amplification, sequencing, and computational analysis. The findings contribute to a deeper understanding of the 

microbial diversity in B. vulgaris and highlight the potential applications of these isolates in biotechnology and 

pharmaceutical research. 
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3. RESULTS AND DISCUSSION 

3.1. Isolation and Antibacterial Activities of Endophytic Bacteria 

The isolation of endophytic bacteria from B. vulgaris leaves yielded 12 isolates, a relatively small number that  

can be attributed to various factors. The selected plant tissue, in this case, leaves, may inherently harbor fewer  

bacterial species than other tissues, such as roots or stems, which are known to support a more diverse microbial 

community (39,40). Furthermore, the isolation conditions, including the surface sterilization process and the  

selective growth media used, can significantly influence the diversity and number of endophytic bacteria  

recovered. Different media may favor certain bacterial groups while inhibiting others, leading to discrepancies in  

isolation outcomes across various plant species (41,42). Environmental factors, such as geographical conditions  

and climatic variations, can also affect the endophytic bacterial populations present in specific plant tissues  

(43,44). Isolation was conducted from 30 bamboo leaf samples, reflecting a moderate level of bacterial diversity  

within B. vulgaris. Macroscopic and microscopic examinations were performed to characterize these isolates  

and assess their morphological and cellular properties, with findings compiled in Table 1 and visually represented in  

Figure 2. 

The diversity of endophytic bacteria associated with B. vulgaris is reflected in the wide range of colony  

morphologies observed, including size, shape, elevation, margin, surface texture, and pigmentation. This  

morphological diversity suggests a complex community of bacteria that exhibit metabolic versatility and  

adaptive capabilities, which are essential for their survival within the plant host. Endophytic bacteria can vary  

significantly based on the plant tissue type, with different bacterial strains exhibiting unique characteristics and  

functional traits (45,46). For instance, endophytes isolated from various plant parts have demonstrated capabilities  

such as producing plant growth-promoting substances and degrading environmental pollutants, indicating their  

potential roles in enhancing plant health and resilience (47,48). The presence of diverse bacterial taxa, including 

Actinomycetota and Pseudomonadota, underscores the ecological significance of these microorganisms in facilitating  

plant adaptation to environmental stresses (49). The observed pigmentation in bacteria, ranging from white to  

light brown, indicates the potential synthesis of secondary metabolites that may play crucial roles in bacterial defense,  

host interactions, and environmental adaptation. Various studies have highlighted the significance of pigments  

such as carotenoids and prodigiosin, which are known to exhibit antimicrobial properties and contribute to bacterial 

survival under stress conditions (50–52). For instance, carotenoid pigments have been linked to enhanced  

resistance against oxidative stress and UV radiation, serving as protective agents against bacteria in hostile  

environments (53,54). Additionally, pigments, such as pyomelanin, produced by certain marine bacteria  

acilitate adaptation to changing environmental conditions, further underscoring their ecological importance (55,56).  

The production of these pigments not only aids in defense mechanisms but also enhances microbial communities’ 

competitive advantages (57,58). Overall, the diverse pigmentation observed in bacteria reflects their evolutionary 

adaptations and multifaceted roles in ecological interactions. 

The diversity of colony morphology and pigmentation of endophytic bacteria is significantly influenced by host  

plant species and environmental conditions. Endophytic bacteria isolated from various plants exhibit distinct  

phenotypic traits, which can be attributed to the specific growth conditions and soil composition associated with each  

plant species (59,60). For instance, the morphological characteristics of endophytic bacteria can vary widely even  

when cultured on the same medium, indicating that the host plant’s ecological niche is closely linked to genetic and 

physiological diversity (61). Environmental factors such as soil pH, nutrient availability, and moisture levels play a  

crucial role in shaping the community structure of these bacteria (62–64). The presence of diverse endophytic  

bacterial communities has been correlated with enhanced plant growth and resilience to stress, suggesting that  

these microorganisms adapt morphologically to optimize their survival and functionality within their specific plant hosts 

(65,66). Comparable variations in colony texture and pigmentation have been observed in endophytes from medicinal 

plants, where pigment-producing strains are often linked to antimicrobial and antioxidant properties (67–70).  

The presence of pigmented isolates in this study suggests that certain endophytic bacteria from B. vulgaris may possess 

bioactive potential, warranting further research into their biochemical properties, antimicrobial activities, and possible 

pharmaceutical applications. 

A total of 12 endophytic bacterial isolates were screened for antibacterial activity against four humans  

pathogenic bacteria: B. subtilis ATCC 6633, P. acnes ATCC 6919, P. aeruginosa ATCC 27853, and S. epidermidis FNCC  

0048. The diameters of the inhibition zones produced by each isolate were measured and analyzed (Table 2).  

The results revealed variability in antibacterial activity, with some isolates exhibiting significant inhibition against  

specific pathogens and others showing no inhibitory effects. Notably, none of the isolates inhibited P. aeruginosa  

ATCC 27853, which is consistent with previous findings that Gram-negative bacteria are generally more resistant to 

antibacterial compounds produced by endophytic bacteria due to their outer membrane, which acts as an additional barrier 

against antimicrobial agents (71,72). 
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Among the 12 isolates tested, only three isolates (P8, K3, and K4) exhibited antibacterial activity, specifically  

against Gram-positive bacteria. Isolate P8 displayed the strongest inhibition, effectively suppressing the growth of  

S. epidermidis FNCC 0048, P. acnes ATCC 6919, and B. subtilis ATCC 6633. Similarly, K3 demonstrated significant 

antibacterial activity against P. acnes ATCC 6919 and B. subtilis ATCC 6633 (Figure 3). In contrast, K4 exhibited moderate 

inhibition against P. acnes. The classification of strong and moderate antibacterial activity was based on the criteria 

established by David and Stout (59).  

Isolates P8 and K3 (Figure 3) were selected for further molecular identification to determine their genetic 

composition and taxonomic classification. Molecular identification through 16S rRNA gene sequencing will provide insights 

into their phylogenetic relationships and potential novelty as antimicrobial-producing strains. The strong inhibitory effects 

observed in P8 and K3 suggest that these isolates may produce bioactive secondary metabolites, warranting further 

exploration of their pharmaceutical and biotechnological applications. 
 

 

Table 1. Characteristics of isolated endophytic bacteria  

Isolate 
Colony 
shape 

Color Margin Elevation Size 
Optical 

property 
Gram 

Cell 
shape 

P1 Round White Entire Raised Small Opaque Positive Coccus 
P2P3 Round Milky 

white 
Undulated Flat Small Opaque Positive Coccus 

P4 Round White Entire Flat Small Transparent Negative Coccus 
P5 Round Yellow Entire Raised Small Opaque Negative Coccus 
P6 Round White Entire Flat Small Opaque Negative Coccus 
P7 Rhizoid White Irregular Flat Large Opaque Negative Bacillus 
P8 Rhizoid White Filamentous Raised Large Transparent Positive Bacillus 
K1 Round Yellow Entire Raised Small Opaque Negative Coccus 
K2 Round Yellow Curled Flat Small Transparent Negative Bacillus 
K3 Irregular Yellow Curled Flat Large Transparent Negative Bacillus 
K4 Round Yellow Entire Flat Small Transparent Negative Coccus 
K5 Punctiform Yellow Entire Flat Small Transparent Negative Bacillus 

 

 

 

 

 

 

 

 

 

 

 

  

   

 

 

   

Figure 2. Colony morphology and color variations among the isolated bacterial isolates. 
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Table 2. Inhibition zone of endophytic bacteria against pathogenic bacteria 

Isolate 
Inhibition zone ± standard deviation (mm)* 

Bacillus subtilis Staphylococcus epidermidis Propionium acnes Pseudomonas aeruginosa 

P1 - - - - 
P2P3 - - - - 

P4 - - - - 
P5 - - - - 
P6 - - - - 
P7 - - - - 
P8 17.13±1.5 16.27±1.7 16.76±1.2 - 
K1 - - - - 
K2 - - - - 
K3 16.06±0.9 - 13.52±0.8 - 
K4 - - 9.20±0.77 - 
K5     

*(-) : indicated zero inhibition zone 

 

 

 
 Figure 3. Representative results of antibacterial activity.  

Isolate codes P8BS, K3BS, K3PA, and P8PA were isolated on MHA Medium. 
 

3.2. Molecular Identification of Selected Endophytic Bacterial Isolates Using 16S rRNA Gene 

Sequencing 

The isolates with the highest inhibition diameters, specifically P8 and K3, were selected for molecular identification. 

Genomic DNA was successfully extracted from P8 and K3 isolates using the Genomic DNA Mini Kit, a method chosen for its 

efficiency and reliability over conventional extraction techniques such as phenol-chloroform-based methods (59). The 

purity and integrity of the extracted DNA was assessed, followed by electrophoresis analysis to confirm its suitability for 

further molecular identification. 

During gel electrophoresis, the extracted DNA was mixed with a loading dye, which increased its density to ensure 

proper settling in the gel wells. The dye also facilitated accurate placement within the wells and served as a visual marker 

for monitoring DNA migration through the gel matrix (60). To improve DNA yield, the elution buffer was preheated to 60°C 

for 2 min before elution, enhancing DNA recovery efficiency. 

The electrophoresis results revealed distinct genomic DNA bands, confirming the successful extraction of high-

quality DNA from the P8 and K3 isolates (Figure 4). The quality and integrity of genomic DNA extracted from the P8 and K3 

isolates were evaluated according to established criteria. High-quality genomic DNA is defined by the presence of fragments 

exceeding 1000 bp, indicating minimal degradation; distinct, well-defined bands at the top of the electrophoresis gel, 

signifying intact large DNA fragments; and non-smearing bands, confirming the absence of contamination (61). These 

characteristics ensure that the extracted DNA is suitable for subsequent molecular analyses, including PCR amplification 

and sequencing. 
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The quality and concentration of genomic DNA extracted from P8 and K3 isolates were assessed, and the results are 

summarized in Table 3. The DNA concentrations ranged from 200 to 300 ng/μL, indicating a sufficient yield for downstream 

molecular applications. The A260/A280 purity ratios ranged from 1.8 to 2.0, meeting the quality benchmarks established 

by Sambrook et al. (59) and Kirby (60). These values confirm the absence of protein or phenol contamination, affirming the 

efficacy of the extraction method in producing high-purity DNA. The findings indicate that the DNA extracted from P8 and 

K3 met the quality requirements for subsequent PCR amplification, sequencing, and phylogenetic analysis. 

The amplification process was conducted to increase bacterial DNA concentration, ensuring greater sequencing 

accuracy. Following PCR, gel electrophoresis confirmed the presence of single, well-defined bands, indicating the successful 

amplification and isolation of the 16S rRNA gene (Figure 5). These findings confirm the effectiveness of the primers 

specifically targeting the 16S rRNA region, demonstrating their suitability for subsequent sequencing and phylogenetic 

analysis. 

These samples were further processed for sequencing using the Sanger sequencing method by 1st BASE in Malaysia 

through the service provided by PT Genetika Science Indonesia. Following the receipt of sequencing results, initial data 

analysis was conducted using three bioinformatics software tools to ensure accuracy and reliability. SnapGene Viewer was 

utilized to visualize nucleotide peaks and chromatograms and to trim low-quality nucleotide sequences (Figure 6). BioEdit 

was employed for generate consensus sequence, and MEGA X was used to construct phylogenetic tree to determine the 

evolutionary relationships of the isolates. After completing these analytical steps, BLAST analysis was performed using the 

National Center for Biotechnology Information (NCBI) online database to compare the obtained sequences with reference 

sequences for taxonomic identification. 

 

 

 

 

 

 

 

 

Figure 4. Gel Electrophoresis of Genomic DNA. M = 3kb DNA Marker; P8 and K3 = Samples. 
 

 
Table 3. Concentration and Purity of Extracted Genomic DNA 

Samples ID DNA Conc (ng.μL-1) DNA Purity (260/280) 

P8 245,45 1,959 

K3 267,23 1,979 

 

 

 

 

 

 

 

 

Figure 5. PCR amplification of 16s rDNA using 27F and 1492R universal primers.  
Amplicon length = ±1500 bp. M = DNA marker 1 kb, P8 and K3 = codes of isolates 
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Figure 6. Electropherogram of the Partial 16S rRNA Gene Sequence Results for (A) Isolate P8 and (B) Isolate K3. 

 

 

Figure 7. Phylogenetic tree of P8 and K3 isolates by neighbor-joining tree based on of 16s rRNA 
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isolate P8 demonstrates a close genetic relationship to species within the genus Bacillus, including the species B. subtilis, B. 
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These findings align with previous studies reporting that B. subtilis is a well-known endophytic bacterium with 

plant-growth-promoting and biocontrol capabilities (65,66).Conversely, P. stewartii is predominantly recognized as a plant 

pathogen, frequently associated with Stewart’s wilt disease in crops (67,68). The identification of both beneficial and 

potentially pathogenic bacteria from B. vulgaris suggests a diverse microbial community, highlighting the need for further 

characterization to evaluate their ecological roles and potential biotechnological applications. 

This study represents a significant advance in isolating and identifying endophytic bacteria from B. vulgaris leaves, 

with a particular focus on their potential applications in combating human pathogenic bacteria. Among the isolates, P8, 

identified as B. subtilis, exhibited strong antibacterial activity, confirming its potential use as a natural antimicrobial agent, 

consistent with previous studies (69).  Additionally, isolate K3, identified as P. stewartii, exhbitied moderate antibacterial 

activity. This finding is particularly intriguing because P. stewartii is primarily known as a plant pathogen (70,71), thus 

revealing a novel potential application for this bacterium as an antibacterial agent. 

These findings suggest that endophytic bacteria could be a valuable source of new antibacterial agents, especially 

against drug-resistant pathogens. However, limitations, such as the small sample size of 12 isolates, should be addressed in 

future studies. Expanding the sampling across regions and seasons may increase bacterial diversity, potentially identifying 

strains with stronger antibacterial properties (70,71). While P8 and K3 were effective against Gram-positive bacteria, none 

of them inhibited Gram-negative pathogens such as P. aeruginosa, highlighting the need for further research on overcoming 

Gram-negative resistance mechanisms (72).  Future studies could explore a wider range of pathogenic bacteria beyond 

those affecting human skin, potentially leading to broader clinical applications. Nevertheless, this research highlights the 

untapped potential of bamboo plant endophytic bacteria as a source of novel antimicrobial agents, with important 

implications for combating antibiotic resistance. 

 

4. CONCLUSIONS 

In this study, 12 bacterial isolates were successfully isolated from B. vulgaris leaves. Among these isolates, 3 were 

proven to have antibacterial activity against pathogenic bacteria. The two isolates with the highest inhibition zones, namely 

P8 and K3, were then molecularly analyzed using the 16S rRNA method. P8, which had antibacterial activity against B. 

subtilis, S. epidermidis, and P. acnes, was found to have 100% similarity to B. subtilis strain LZH-H1. K3, which showed 

antibacterial activity against B. subtilis and P. acnes, had 99.85% similarity to P. stewartii subsp. indologenes strain SR2-12. 

In the future, the substances produced by each bacterial isolate are expected to be isolated and developed into antibacterial 

agents. Research can then focus on the purification and characterization of the produced antibacterial substances. This will 

also allow for the further elucidation of the mechanisms underlying the antibacterial properties of the bacteria. The 

continuous enhancement of efficacy and quality is needed because these compounds may undergo preclinical and clinical 

testing to serve as the foundations for the development of novel antibacterial compounds. 
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