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Introduction  

Worldwide, infectious diseases originating from bacteria 

continue to be prevalent. These diseases are commonly treated with 

antibiotics. However, antibiotic resistance poses a great threat to disease 

therapy, possibly due to improper antibiotic usage.1,2 It has been 

demonstrated that natural chemicals from a wide range of sources 

possess antibacterial qualities, particularly against bacteria that have 

developed antibiotic resistance.2 

Endophytic fungi are a group of fungi that partially or completely live 

in living plant tissues. They often do not pose a threat to their hosts and 

instead generate beneficial secondary metabolites with antibacterial, 

antiviral, or anticancer properties.3–5 
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Due to genetic transfer between the endophytic fungi and the host plant, 

the endophytic fungi may produce bioactive chemicals and secondary 

metabolites that are either identical to, distinct from, or even superior to 

those of their hosts, as such endophytic fungi have the propensity to 

produce useful and unique substances.5,6 Endophytic fungi also have a 

short life cycle and can produce large amounts of bioactive compounds, 

making them a large reservoir of natural, economical, and 

environmentally friendly sources of medicinal materials.7 Endophytic 

fungi can be utilised for timely and large-scale production of 

antibacterial agents without causing ecological damage.8 

Endophytes represent a microbial community that lives within plants 

without displaying any noticeable symptoms, offering the potential for 

generating a wide array of bioactive compounds and new metabolites. 

These substances have practical applications in medicine, agriculture, 

and various industrial settings. Strobel and Daisy,9–11 suggested that 

endophytes represent a valuable source of secondary metabolites. They 

compared Pestalotiopsis sp. to “the E. coli of the rain forests” and 

labeled P. microspora as a “microbial factory” producing bioactive 

secondary metabolites. Their research has led to the identification of 

several chemical structures, including those of subglutinols A and B, 

taxol, ambuic acid, cryptocandin, and torreyanic acid. Various chemical 

classes, including alkaloids, cytochalasines, flavonoids, furandiones, 

phenylpropanoids, lignans, peptides, phenols, phenolic acids, steroids, 

terpenoids, quinones, aliphatic acids, and chlorinated compounds, are 

represented among the endophyte-derived metabolites. 
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Endophytic fungi live and develop in plant tissues, are symbiotic, and are host-plant friendly. 

These fungi generally produce secondary metabolites with anticancer, antiviral, or antibacterial 

properties. This study aims to identify endophytic fungi isolated from Beruwas laut leaves. The 

endophytic fungi were isolated from Potato Dextrose Agar (PDA), while the secondary 

metabolites were produced by fermentation on Maltose Yeast Broth medium, agitated for 18 days 

at 150 rpm. The chemical composition of the fungi was identified using TLC. The antibacterial 

activity was assessed against some pathogenic bacteria strains through agar diffusion and TLC-

Bioautography methods, while molecular identification was conducted using PCR. The results 

revealed 16 chemical isolates from the endophytic fungi, among which IFDBL-15 exhibited the 

most potent antibacterial activity. Inhibitory zones of the isolates against Staphylococcus aureus 

(ATCC 25923), Staphylococcus epidermidis (ATCC 14990), Bacillus subtilis (ATCC 6633), 

Pseudomonas aeruginosa (ATCC 27853), Escherichia coli (ATCC 25923), and Salmonella typhi 

(NCTC 786) were 15.47, 14.52, 14.64, 14.10, 15.92, and 15.52 mm, respectively. The 

fermentation extract of the IFDBL-15 isolate contained flavonoids, alkaloids, anthraquinones, and 

saponins. TLC-Bioautography activity revealed four active spots. The spot that inhibited all test 

bacteria was identified as a flavonoid (Rf = 0.45). Molecular identification using ITS1 and ITS4 

gene regions via Polymerase Chain Reaction showed that the IFDBL-15 isolate exhibited the 

closest relationship to the species Parengyodontium album with an identity match of 99.83%. 

IFDBL-15 endophytic fungi isolate has shown the potential to generate antibacterial metabolites 

and could be further explored as a drug lead. 
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A variety of chemical classes, such as steroids, xanthones, phenols, 

isocoumarins, perylene derivatives, quinines, furandiones, terpenoids, 

depsipeptides, and cytochalasins, are among the secondary metabolites 

that are extracted from endophytes. Numerous biological activities, 

including antibacterial, antiviral, anticancer, antioxidant, insecticidal, 

antidiabetic, and immunosuppressive qualities, have been established 

by these substances. Additionally, endophytes contribute significantly 

to the physiological functions of host plants, strengthening their 

defenses against nematodes, stress, insects, and diseases.12–15 

One of the traditional medicinal plants in Indonesia is beruwas laut 

(Scaevola taccada (Gaertn.) Roxb.), known to be effective in treating 

diabetes, headaches, eye infections, foot swelling, pain, coughs, and 

influenza. Besides, this plant is commonly used in ethnomedicine, 

particularly for wound healing.16,17 

Kosman and Tappang reported the presence of flavonoids in the diethyl 

ether fraction of sea beruwas leaves.18 Hasan,19 on the other hand, 

reported the presence of terpenes, phenols, tannins and flavonoids in the 

ethanol extracts of beruwas laut leaves demonstrating activity against 

Vibrio cholerae, Pseudomonas aeruginosa, Streptococcus mutans, 

Salmonella typhi, Escherichia coli, Bacillus subtilis, Propionibacterium 

acnes, and Shigella dysenteries in TLC-Bioautography tests. 

This current study aims to conduct molecular characterization of the 

active isolates of endophytic fungi from beruwas laut (Scaevola taccada 

(Gaertn.) Roxb.) leaves as a source of antibacterial agents. 

 

Materials and Methods 

Pathogens of interest 

Staphylococcus aureus (ATCC 25923), Staphylococcus epidermidis 

(ATCC 14990), Pseudomonas aeruginosa (ATCC 27853), Salmonella 

Typhi (NCTC 786), Bacillus subtilis (ATCC 6633) and Escherichia coli 

(ATCC 25923). 

Sterilization of tools and preparation of agar media 

Materials used for this assay were heated in an oven (180 °C) for 2 

hours, while the non-heating tools were sterilized in an autoclave (121 

°C) at 1 atm pressure for 15 minutes.3,20 

 

Plant Collection and Identification 

Fresh and healthy leaves of Beruwas laut were collected on March 18,  

2023 at Suppa district, Pinrang regency, South Sulawesi, Indonesia, 

with coordinates 3°56’34.5 “S 119°33’59.8 "E. The samples were kept 

in a sterile sample bag and washed in running water to remove soil and 

other extraneous particles adhering to the leaf surface. Leaves of 

beruwas laut from the same location have been identified with 

registration number 1363/11.CO2.2/PL/2018 at the Bandung Institute 

of Technology, registration by researcher Ermalyanti Fiskia 

(Department of Pharmacy, Faculty of Medicine, Khairun University, 

Ternate, Indonesia). Herbarium samples are also stored at the Pharmacy 

Microbiology Laboratory, Universitas Muslim Indonesia, the site used 

for this study. 

 

Preparation of leaf samples  

The surfaces of the leaves were sterilized by placing them in a 250-mL 

Erlenmeyer flask, submerged in 70% ethanol, and mildly shaken for 3 

minutes. Following the removal of the ethanol, 5.25% NaOCl was 

added and allowed to sit for two minutes. Next, the leaves were washed 

three times, each for a minute, with sterile distilled water. Aseptic 

methods were used for sterilization. The leaves were then placed on 

sterile Petri dishes, as reported by Rante et al.3,21 

 

Isolation and Purification of Endophytic Fungi  

After being sterilized, the leaves were cut into 1 cm pieces using a sterile 

knife. They were then placed in sterile Potato Dextrose Agar (PDA) 

supplemented with 0.05% chloramphenicol and left to incubate for five 

to seven days at room temperature (25°C). It was noted that there was 

fungal growth surrounding the plant leaves, a sign of endophytic fungal 

development.3,21 

Following a 5-day incubation period at 25°C, the fungi that had grown 

around the explants were sub-cultured on PDA supplemented with 

0.05% chloramphenicol. Following this, observations were conducted 

about the colonies' color formed on the media. Until a pure colony was 

achieved, every colony with variations in shape and color was recolored 

on PDA media.3 

 

Morphological Identification of Endophytic Fungi 

Macroscopic identification of the fungi isolates was carried out to 

determine the colony morphology by directly examining the colonies’ 

appearance, focusing on the shape as well as the colours of the colony 

surface and edge of the petri dish.3 

Fungal isolates were taken using a needle and transferred to a sterile 

preparation glass. Lactophenol Cotton Blue solution was added and then 

observed microscopically under a light microscope with a magnification 

of 100-400.20 

 

Antagonist test 

Cultures of endophytic fungus were placed in a petri dish with 

pathogenic bacteria and a nutrient agar medium. The dishes were 

incubated for 24 hours at 37°C.21 

 

Molecular identification of IFDBL-15 isolates by PCR Method 

DNA Extraction, Amplification 

DNA extraction, sequencing, and BLAST (Basic Local Alignment 

Search Tool) were performed in compliance with the protocol. DNA 

extraction was carried out using the Quick-DNA Magbead Plus Kit. 

Additionally, the internal transcribed spacer (ITS) region of the rRNA 

gene was used to characterize fungi by PCR amplification. The ITS 

universal primer set, which flanked the ITS 1 and ITS 4 regions, was 

also used. The nucleotide sequence of the ITS 1 primer was 5'-

TCCGTAGGTGAACCTGCGG-3', and that of the ITS 4 primer was 3'-

TCCTCCGCTTATTGATATGC-5'. PCR was carried out in a PCR 

System Thermal Cycler (Takara, Japan) with a program consisting of 

initial denaturation in 1 cycle for 3 minutes at 95°C involving 35 cycles 

(denaturation for 15 seconds at 95°C, annealing for 30 seconds at 52°C, 

and extension for 45 seconds at 72°C). The final extension was done in 

3 minutes at 72°C, and the cooling was at 4°C for a while. Overall, the 

PCR process was performed in 38 cycles. 

 

Electrophoresis 

One gram of 2% agarose gel was weighed and dissolved in 100 mL of 

TAE Buffer into an Erlenmeyer flask, heated in the microwave for 2 

minutes to boil, then 8 µL of ethidium bromide was added. The gel 

liquid was poured into an agarose printer until it solidified. Inserted 8 

µL of PCR products mixed with 2 µL of loading dye solution, each 

amplified sample into the wells on agarose submerged in a tank 

containing TAE Buffer. The electrophoresis process was run at 100 

volts for 50 minutes. The electrophoresis gel layer was observed under 

UV-transluminator light. 

 

Sequencing and Species Identification using BLAST 

The sequencing process was carried out by 1st Base through PT 

Genetika Indonesia. Sequencing was performed by "Single Pass DNA 

Sequencing" using the same primers as gene amplification in the PCR 

process. The sequencing results were processed using the Bioedit 

application. Analysis of the BLAST results provides information and 

verifies what the organisms or bacteria have in common with the sample 

DNA sequence so that it can be used for bacterial identification. 

Information from the BLAST results is in the form of Query Coverage 

and Maximum identity. Query coverage is the percentage of nucleotide 

length that is aligned with the database contained in BLAST. Max 

identity is the highest value of the percentage of identity or match 

between the query sequence and the aligned database sequence. 

 

Phylogenic Analysis 

The data was then processed for phylogenetic analysis using the MEGA 

11 application in Windows 11.  

 

Secondary metabolite production 

The pure culture of the fungi was rejuvenated on a PDA slant agar 

medium, followed by incubation at 25 °C for 3–12 days. The inoculum 

was taken from the slant agar medium, homogenized in sterile distilled 

water, put into Maltose Yeast Broth (MYB) medium supplemented with 

yeast extract, and then incubated at 25°C for 3 days. The culture was 
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transferred into a 1000-mL Erlenmeyer flask containing 800 mL of the 

same medium. The fermentation was carried out at 25 °C under 

controlled conditions for 18 days, as described by Burhamzah et al.4 

After fermentation, the culture was filtered, and the mycelia and culture 

liquid were separated. Subsequently, ethyl acetate (1:1 v/v) was added 

to the culture liquid in a separating funnel for 20 minutes. The extracted 

ethyl acetate solvent was then evaporated using a rotary evaporator to 

yield a thick extract. The extract was stored in a dryer for use in the next 

stage of the experiment.22 

 

Phytochemical analysis 

Aliquots of the extracts were spotted on (TLC) plates (Merck, silica gel 

60 F254) to identify the chemical components. The plates were eluted 

with Hexane and ethyl acetate (6:1) under saturated conditions, and the 

eluates were visualized under UV light at 254 and 366 nm. The 

chromatograms were sprayed with 10% H2SO4, then incubated at 110 

°C to achieve the best color development.21 

 

Antimicrobial Activity Test 

Agar diffusion method 

The suspension (100 μL) of test microorganisms, containing 108 

colony-forming units (CFU)/mL of bacteria cells spread on nutrient 

agar (NA), was made into wells (6 mm in diameter). 20 μL of extract 

(250 µg/mL, 500 µg/mL, 1000 µg/mL, 2000 µg/mL, and 4000 µg/mL) 

was transferred into the wells previously inoculated with the test 

microorganisms. Wells without samples were used as a negative 

control, and the leaf extract (1000 µg/mL) was used as a positive 

reference. The Petri dishes were kept at 4°C for 2 hours and incubated 

at 37°C for 24 hours. The test organisms' zones of growth inhibition in 

millimeters (including wells diameter of 6 mm) were measured and 

contrasted with the controls to determine the antibacterial activity of the 

extracts. Inhibition zone measurements were made for three sample 

replications, and the results were expressed as the mean of the three 

duplicate measurements.23,24 

 

 

 

 

Bioautographic TLC method 

The best chromatogram results were followed by a TLC-bioautography 

test on a Petri dish. Approximately 10 mL of the nutrient agar was added 

to a suspension of test bacteria (about 20 µL) and then homogenized. 

TLC plates that had been eluted were placed on the surface of the agar 

medium that had been inoculated with test bacteria and then left for 60 

minutes. After that, the plate was lifted and removed, then incubated for 

24 hours at 37°C until the inhibition zones were formed.20 

 

Results and Discussion 

Isolation and purification of endophytic fungi from leaves of beruwas 

laut.  

This study reported the isolation of endophytic fungi from the leaves of 

beruwas laut (Scaevola taccada (Gaertn.) Roxb.) using Potato Dextrose 

Agar medium supplemented with chloramphenicol (PDAC) to prevent 

bacterial growth on the medium, allowing only the growth of fungi25 

(Figure 1). Appropriate purification processes resulted in the isolation 

of 16 fungal isolates with noticeable differences identified through 

macroscopic and microscopic tests (Figure 2). The inhibitory test was 

carried out by the agar diffusion method using MHA (Muller Hinton 

Agar) medium against six bacteria strains: Bacillus subtilis, Escherichia 

coli, Pseudomonas aeruginosa, Salmonella Typhi, Staphylococcus 

aureus, and Staphylococcus epidermidis. The antibacterial activity of 

each isolate was indicated by the inhibition zone formed after 

incubation. Screening tests showed that the isolate with the best activity 

was IFDBL-15 (Table 1).  

 

 
Figure 1: Fungi on the edges of the pieces of leaf  
 

Table 1: Antagonist Test 
 

No Kode Isolat 
Diameters of Inhibition zone (mm) 

S. aureus E. coli B. subtilis P. aeruginosa S. Typhi S. epidermidis 

1 IFDBL 01 7.2 7.3 7.7 7 7 7 

2 IFDBL 02 - - - - - - 

3 IFDBL 03 - - - - - - 

4 IFDBL 04 7.6 -- 7.5 - 7 - 

5 IFDBL 05 - - - - - - 

6 IFDBL 06 - - - - + - 

7 IFDBL 07 - - - - - - 

8 IFDBL 08 7.4 7 7.6 - 7.2 - 

9 IFDBL 09 - - - - 7.4 - 

10 IFDBL 10 7.3 8.5 - 7.2 7.1 7 

11 IFDBL 11 - - - - - - 

12 IFDBL 12 - - - - 7 7 

13 IFDBL 13 - - - 7.6 - - 

14 IFDBL 14 8.3 8.2 7.4 7.8 7.5 8.5 

15 IFDBL 15 9.2 9.7 9.7 7.8 9.8 9.6 

16 IFDBL 16 8.4 8.5 7.8 8.3 8.9 8.6 

(Description: S. aureus= Staphylococcus aureus, S. epidermidis=Staphylococcus epidermidis, P. aeruginosa=Pseudomonas aeruginosa, S. 

Typhi=Salmonella Typhi, B. subtilis =Bacillus subtilis, E. coli=Escherichia coli) 
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Figure 2: Endophytic fungal isolates 
 

 
Figure 3: Antimicrobial activity extract of IFDBL-15 against 

clinical pathogens 
(Description: SA=Staphylococcus aureus, SE= Staphylococcus 

epidermidis, PA=Pseudomonas aeruginosa, ST=Salmonella Typhi, 

BS=Bacillus subtilis, EC=Escherichia coli, 1=250 µg/mL, 2=500 

µg/mL, 3=1000 µg/mL, 4=2000 µg/mL, 5=4000 µg/mL, 6=K+) 

 

Molecular identification of IFDBL-15  

The molecular identity of IFDBL-15 was carried out with the PCR 

method. First, the fungal DNA was isolated and then amplified with 

PCR, followed by electrophoresis to obtain the band appearance (Figure 

7). The band formed from the isolated IFDBL-15 DNA appeared 

homogeneous but less thick, suggesting that the total extracted DNA 

had an excessive amount of contamination.26  The DNA sequencing of 

the sample yielded 600 base pairs (base pairs bp). The difference in the 

number of base pairs might be due to differences in nucleotide sequence 

or the genetic structure of the fungus.27 Based on the BLAST results, 

IFDBL-15 exhibited high conformity with the DNA sequence of 

Parengyodontium album species, with an identity level of 99.83%, as 

recorded in the database. The results of phylogenetic analysis using the 

MEGA 11 application in Windows 11 (Figure 8) confirmed likewise. 

In addition to molecular identification, IFDBL-15 was fermented in 

Maltose Yeast Broth media for 18 days, followed by the extraction of 

the fermentation product. Subsequent testing was conducted using 400 

mg extract, antimicrobial activity screening, TLC-Bioautography, and 

the determination of the chromatogram profile. 

 

Antimicrobial activity screening 

The results of antibacterial activity testing of the ethyl acetate extract of 

IFDBL-15 yielded the highest activity against S. aureus with an 

inhibitory zone diameter of 17.70 mm, followed by S. epidermidis at 

17.67 mm, P. aeruginosa at 15.62 mm, Salmonella at 17.94 mm, B. 

subtilis at 15.91 mm, and E. coli at 19.79 mm (Figure 3). Compared to 

the ethanol extract leaves of beruwas laut used as a positive control, 

these results indicated higher values. Antibacterial strength was divided 

into 4 groups: 20 mm or more was classified as very strong, 10-20 mm 

was considered strong, 5-10 mm was in the medium category, and 5 mm 

or less was categorized as weak. The results of this activity test indicated 

that the endophytic fungi present in leaves of beruwas laut produced 

antibacterial compounds in a strong ability category.28,29 

 

Antimicrobial activity test by TLC-Bioautographic method 

The antibacterial activity testing of the ethyl acetate extract of IFDBL-

15 fermentation isolate by TLC-Bioautography was done to determine 

the presence of chemical components with antibacterial activity. The 

presence of a clear zone visible on the medium characterizes the activity 

formed. The results of the TLC-Bioautography test on the ethyl acetate 

extract revealed that the spot with an Rf value of 0.06 inhibited E. coli, 

the spot with an Rf value of 0.45 inhibited all test bacteria, the spot with 

an Rf value of 0.55 inhibited S. aureus, B. subtilis, E. coli, and S. 

epidermidis, and the spot with an Rf value of 0.96 inhibited Bacillus 

subtilis bacteria (Figure 6). 

 

 
Figure 4: Chromatogram profile of ethyl extract of IFDBL-15  

(Description: 1. UV 366, 2. UV 254, 3. H2SO4) 
 

 
Figure 5: Chemical compound component identification results 

(Description: 1=UV 366, 2=UV 254, 3=H2SO4, 4=AlCl3, 

5=Dragendorf, 6=FeCl3, 7= Lieberman Bouchardat, 8=KOH) 
Phytochemical analysis  
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Thin-layer chromatography (TLC) identification is one of the methods 

used to separate compounds on the basis of differences in the partition 

coefficient. The extract was eluted with n-hexane: ethyl (6:1), and the 

spots were visualized at UV 254 nm and UV 366 nm and then sprayed 

with an H2SO4 reagent. The TLC profile of the ethyl acetate extract of 

IFDBL-15 showed nine spots with varying colors and Rf values, 

indicating the presence of several chemical components with different 

polarity values (Figure 4). Differences in polarity indicate different 

compounds from each spot. The class of chemical components 

contained in the ethyl acetate extract of IFDBL-15 fermentation isolate 

was determined by spraying the TLC plates with several specific 

reagents to reveal the spots. IFDBL-15 spot appeared brownish yellow 

at Rf values of 0.22 and 0.45 when sprayed with AlCl3 spray reagent, 

indicating the presence of flavonoids, brown or orange at Rf value of 

0.55 with Dragendorf reagent for alkaloids, yellow for anthraquinones 

with KOH reagent, at Rf =0.06; 0.22; 0.37; and 0.45), and brownish 

yellow for saponins with Liberman Bouchard spray reagent, at Rf 0.45 

and 0.87) (Figure 5). 

  

Conclusion 

The isolated endophytic fungi IFDBL-15 demonstrates high conformity 

with the DNA sequence of the Parengyodontium album species, 

showing an identity level of 99.83%. This isolate contained 

phytochemical compounds such as flavonoids, alkaloids, 

anthraquinones, and saponins, which may have contributed to the 

antibacterial activity of IFDBL-15, which also exhibited inhibitory 

activity against the bacteria strains (B. subtilis, E. coli, P. aeruginosa, 

S. Typhi, S. aureus, and S. epidermidis) used in this study. IFDBL-15 

could be further explored for potential antibacterial drug lead. 

 

 

Figure 6: TLC-Bioautography activity test 

(Description: SA=Staphylococcus aureus, SE= Staphylococcus epidermidis, PA=Pseudomonas aeruginosa, ST=Salmonella Typhi, 

BS=Bacillus subtilis, EC=Escherichia coli, 1=UV 366, 2=UV 254, 3=H2SO4) 
 

 
Figure 7: DNA electrophoresis of IFDBL-15 isolate 

(Description: M=DNA ladder 100 bp, 1=IFDBL-15 Isolate) 
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Figure 8: Phylogenetic tree of isolate IFDBL-15 
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