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Abstract. Priyanto JA, Sinarawadi GS, Prastva ME, Jati OM, Rachmania N, Tachrim ZP. 2025. Genome mining, metabolite fractionation,
and evaluation of antibiofilm activity of endophytic Priestia megaterium AJS against Methicillin-resistant Staphylococcus aureus.
Biodiversitas 26: 2916-2925. Endophytic bacteria, particularly Priestia megaterium, are a source of secondary metabolites that are
valuable for medicinal purposes. Therefore, this study aimed to mine the Secondary Metabolite Gene Clusters (SMGCs) within the
complete genome of AJS strain, fractionate its secondary metabolites, and evaluate its antibiofilm activity against Methicillin-Resistant
Staphylococcus aureus (MRSA). The bacterium had a complete genome length of 5,750,510 bp and was closely related to P.
megaterium NCTC10342, with an Average Nucleotide Identity (ANI) of 98.37%. AntiSMASH analysis showed that the bacterium
possessed 5 types of SMGCs, including Non-Ribosomal Peptide Synthetase (NRPS)-Independent (NI) siderophores, 3 types of terpenes,
and type III Polyketide Synthase (PKS). In addition, 2 selected fractions obtained from thin-layer chromatography and column
chromatography procedures exhibited strong anti-MRSA activity. F9 and F12 fractions had Minimum Inhibitory Concentrations (MIC)
of 117.5 pg/mL and 180 pg/mL, respectively. Liquid Chromatography-Mass Spectrometry/Mass Spectrometry (LC-MS/MS) analysis
indicated that these 2 fractions contained nigakilactone H, tetratriacontanamine, 2-(p-Anisyl)-5-methyl-1-hexene, and other unidentified
compounds. The compounds were also capable of suppressing biofilm formation of MRSA by up to 81.54%=1.80 for the F9 and
77.01%*1.96 for F12 fraction after treatment with 1XMIC. All selected fractions also exhibited eradication activity against established
MRSA biofilms up to 79.23+£1.96%. In conclusion, this study showed the SMGCs profile and their metabolite products found within the
genome of AJS strain, as well as its antibiofilm potential against MRSA. The thoroughness of our research process and the validity of
our findings suggest that genome-based screening and in vitro assays could significantly accelerate the development of novel anti-
MRSA agents.
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INTRODUCTION 2019). Various MRSA strains become resistant to 3-lactam
antibiotics through the acquisition of the blaZ gene, which
may either integrate into the chromosome or reside on large
conjugative plasmids. The gene encodes [-lactamase, which
can hydrolyze the essential B-lactam ring (Andrzejczuk et
al. 2023). This high prevalence has led to the exploration of
new substances to address drug-resistant pathogens,
particularly MRSA.

The formation of biofilms by S. aureus is another factor
contributing to AMR. Biofilms are a structured community

The incidence of Antimicrobial Resistance (AMR)
cases is increasing due to the excessive use of antibiotics in
treating public health issues. One of the primary bacterial
pathogens associated with the cases is Methicillin-Resistant
Staphylococcus aureus (MRSA) (Khan et al. 2017). This
bacterium is commonly associated with skin and soft tissue
infections (Montravers and Eckmann 2021) and responsible
for more than 600,000 deaths worldwide in 2019, higher

than that of other pathogenic bacteria such as Streptococcus
pneumoniae, Klebsiella  pneumoniae, Pseudomonas
aeruginosa, and Acinetobacter baumannii (Murray et al.
2022). In addition, MRSA is generally resistant to -lactam
antibiotics (including oxacillin, penicillin, and methicillin)
and cephalosporins (Alghamdi et al. 2023). The bacterium
can develop resistance to these antibiotics by acquiring a
single genetic element known as the Staphylococcal
Cassette Chromosome mec (SCCmec), which produces
Penicillin-Binding Protein 2a (PBP2a) (Vestergaard et al.

of microbial cells that facilitate the attachment of free-
floating bacteria to both living and non-living surfaces
(Flemming and Wuertz 2019). The community is shielded
by an extracellular polymeric matrix primarily made up of
oligosaccharides, DNA, and proteins, which significantly
enhances bacteria's resistance to drug treatments and
contributes to their virulence and chronic pathogenicity.
MRSA has emerged as a challenging pathogen due to its
biofilm-forming ability (Silva et al. 2021). Consequently,
higher concentrations of antibiotics are necessary to eradicate
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biofilms compared to planktonic bacteria. To address this
issue, there is an urgent need to discover new anti-MRSA
agents that not only inhibit the growth of MRSA but also
suppress its biofilm formation and eradicate the established
biofilm.

A promising alternative that has attracted interest in
recent years is endophytes, which are symbiotic
microorganisms inhabiting the inner tissues of plants
without causing disease (Christina et al. 2013). Among
endophytic species, Priestia megaterium (formerly known
as Bacillus megaterium) is one of the most frequently isolated
from various plants, such as Bolboschoenus planiculmis,
Malus domestica, Arachis hypogaea, and Solanum tuberosum
(Hwang et al. 2022; Mahmoud et al. 2023; Zhang et al.
2023). The bacterium plays a pivotal role in promoting
plant growth and facing environmental stresses (Shi et al.
2023). It can also produce biotechnologically important
metabolites, such as bacitracin (Al-Thubiani et al. 2018),
daidzein, and genistein (Al-Theyab et al. 2023). The
bacterium has also demonstrated remarkable antimicrobial
activity against pathogenic microbes (Malanicheva et al.
2012; Cui et al. 2023). Therefore, exploring the secondary
metabolites produced by Priestia species could be a
strategic approach to discovering antibiotics beneficial for
medicinal purposes.

In a previous study, the crude extract of bacterial
secondary metabolites from AJS strain, isolated from the
roots of dogfruit (4Archidendron pauciflorum), exhibited
significant antibacterial activity against multidrug-resistant
strains (Priyanto et al. 2023). However, the substances
responsible for this activity and the complete genomic
profile of the isolate remain unidentified. Approaches, such
as metabolite fractionation and genome mining may
enhance an understanding of the identity of antibacterial or
antibiofilm compounds and their potential biosynthetic
pathways. Genome sequencing and bioinformatics analysis
can also yield insights into the Secondary Metabolite Gene
Clusters (SMGCs) present in individual bacteria. The
significant impact of recent advancements in sequencing
technologies and the affordable access to genomic data
facilitate the use of various bioinformatics tools to identify
and annotate highly conserved regions of SMGCs (Alberus
et al. 2022). Recent studies have focused on large-scale
genomic datasets, showing the significant potential for
uncovering novel compounds from microorganisms, including
Streptomyces (Belknap et al. 2020), Bacillus (Saikat et al.
2024; Priyanto et al. 2024), Priestia (Maghembe et al.
2023), Paenibacillus (Kim et al. 2024), and Pseudomonas
(Tamang et al. 2024). Therefore, this study aimed to mine
the genome of P. megaterium AJS to identify the SMGCs,
fractionate its secondary metabolites, and assess its
antibiofilm activity against MRSA.

MATERIALS AND METHODS

Strain collection

AJS5 strain used in this study was isolated from the root
of Archidendron pauciflorum and stored at the Laboratory
of Microbiology, Department of Biology, Faculty of

2917

Mathematics and Natural Sciences, IPB University, Bogor,
Indonesia. 16S-rRNA-based identification revealed that
this bacterium belonged to the Priestia megaterium. The
16S-rRNA partial sequence (1181 bp) of this bacterium was
accessible at https://ncbi.nlm.nih.gov under accession
number OP164672.1. In addition, MRSA was obtained from
Central General Hospital Dr. Kariadi, Semarang, Central
Java, Indonesia.

Procedures
Whole genome sequencing and identification for Secondary
Metabolite biosynthetic Gene Clusters (SMGCs)

The bacterial cells from a 24-hour culture were
centrifuged at 15,000 rpm for 1 minute. Genomic DNA was
isolated using the Quick-DNA Fungal Bacterial Isolation
Kit (Zymo Research, California, United States of America),
following the kit's instructions. The bacterial genome
sequence was obtained through Oxford Nanopore Technology
(Cambridge, United Kingdom). De novo assembly was
conducted with Flye (v.2.8.3), and following this, mapping
and iterative genome polishing were performed 4 times using
Minimap2 (v.2.24-r1122) and Racon (v.1.5.0). The
completeness of the assembled sequence and related
species' genomes was evaluated using fast-qc (v.0.4.2) and
BUSCO (v.5.4.4). Quality assessment of the assembled
sequence was carried out using Quast software (v.5.0.2).
The bacterial genome was visualized using Circos (v.0.69-
8). Furthermore, antiSMASH version 7.1.0 was used to
annotate SMGCs in the bacterial genome (https:/
antismash.secondarymetabolites.org) (Blin et al. 2023), and
complete genome sequences of P. megaterium AJ5 were
deposited to NCBI Genbank database (https://submit.ncbi.
nlm.nih.gov/about/genome).

Culture and extraction of secondary metabolites

AJS5 strain was grown in 2 L of Nutrient Broth (NB)
medium (Oxoid, England), agitated at 120 rpm, and
incubated for 72 hours. The culture was then equally added
with ethyl acetate and shaken continuously for 20 minutes.
Subsequently, the upper layer was then separated and
concentrated using a rotary evaporator at 50°C. The culture
was extracted twice with the same solvent, and the
concentrated extract was then collected (Priyanto et al.
2023).

Thin Layer Chromatography (TLC)

A total of 2 mg of crude extract from the AJ5 strain was
diluted in methanol. This suspension was applied to a Thin
Layer Chromatography (TLC) plate coated with silica gel
60 Fys4 (Merck, Darmstadt, Germany) using a capillary
tube and then allowed to air dry. The TLC plate was
subsequently placed in a chamber with a mobile phase
system of hexane and ethyl acetate in different ratios (7:3,
5:5, 9:1 v/v), ethyl acetate only, and methanol only. The
separation of the substances was observed under visible
light and Ultraviolet (UV) light at wavelengths of 254 nm
and 365 nm. The Retention factor (Rf) for each spot was
calculated using the following formula:
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R Distance traveled by the component (cm)
vf =

Distance traveled by mobile phase (cm)

The optimal mobile phase proportions for achieving the
best compound separation were determined by the highest
number of spots observed on the TLC plate's surface, which
were then utilized for column chromatography (Omara et
al. 2022).

Column chromatography

The bacterial crude extract was fractionated using
column chromatography, following the method described
by Chepkorir et al. (2018). A total of 45 g of silica gel 60
(0.063-0.2 mesh size) was mixed with hexane (10:0 v/v)
and stirred to form a homogeneous slurry to pack the
column. This slurry was then poured into a glass column
containing a small amount of cotton and sand. Silica gel
was gradually mixed with the bacterial crude extract until it
became a fine green powder. The resulting sample mixture
was loaded into the column and eluted with combinations
of hexane, ethyl acetate, and methanol, establishing an
increasing polarity gradient (0:10, 1:9, 3:7, 5:5, 7:3, 9:1,
10:0 v/v). The eluates from each mobile phase combination
were collected and evaporated using a rotary evaporator at
50°C. Thereafter, the eluates were examined by TLC using
hexane acetate (7:3 v/v) to determine similarities in their
separation spots, and eluates exhibiting similar TLC
profiles were combined into the same vial.

LC-MS/MS analysis

The chemical substances in the selected active fractions
were identified using Liquid Chromatography-Tandem
Mass Spectrometry (LC-MS/MS) with the Xevo G2-XS
QTof (Waters, USA) and an Electrospray Ionization (ESI)
interface. The separation was performed on a liquid
chromatography system with the column maintained at
40°C. The samples were eluted over 17 minutes using a
mobile phase composed of 0.1% formic acid in water (A)
and acetonitrile (B) at a flow rate of 0.3 mL/min. Mass
spectrometric data were collected in positive ion mode with
a precursor m/z range of 100-1200. The source temperature
was set to 120°C, and the capillary voltage was 2 kV.
Furthermore, the composition and mass of each fragment
and precursor ion were analyzed using data from the UNIFI
software database (Septama et al. 2022).

Determination of the Minimum Inhibitory Concentration
(MIC) of each bacterial metabolite fraction

The secondary metabolite fraction derived from the AJ5
strain underwent further assays to evaluate the MIC using a
microdilution procedure (CLSI 2020). Briefly, microdilution
was performed using Mueller-Hinton Broth (MHB) (Himedia,
India) containing a fraction (100 pL) ranging from 5.63
pg/mL to 1880 pg/mL in 96 sterile well plates. Subsequently,
the MRSA suspension (100 pL) at a density of 1 x 10*
CFU/mL, was seeded into the wells (final MRSA
concentration of 5 x 103 CFU/mL) and incubated overnight
at 37°C. The MIC was established as the minimum
concentration of extract that inhibited the visible growth of
MRSA. Tetracycline (Merck, Germany) in the concentration
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ranged between 0.78 to 100 pg/mL), and methanol was
used as positive and negative controls, respectively.
According to Silva et al. (2013), antibacterial activity could
be classified based on the MIC values of natural extracts.
When the MIC value was less than 100 pg/mL, it was
categorized as very strong, 100-500 pg/mL was considered
strong, 500-1000 pg/mL was moderate, 1000-2000 pg/mL
was weak, and above 2000 pg/mL was inactive.

Antibiofilm assay

The antibiofilm activity of selected active fractions was
assessed through crystal violet staining in a 96-well plate,
following CLSI (2020). A 100 pL suspension of MRSA at
a concentration of 10* CFU/mL was added to Brain Heart
Infusion (BHI) broth (Himedia, India) supplemented with
0.25% glucose. Different concentrations of the selected
active fractions (1x MIC, .x MIC, and Y4 xMIC,) were
inoculated into each well to achieve a final volume of 200
pL, then agitated at 150 rpm and 37°C for 24 hours. After
incubation, the media and bacterial cells were removed
twice using 0.85% NaCl solution, and 200 pL of 0.1%
crystal violet was added to each well. The plate was
incubated at 37°C for 30 minutes and then washed with
0.85% NaCl solution. The crystal violet-stained biofilm
was dissolved in 200 uL of 99% DMSO. Its absorbance
was measured using an ELISA microplate reader (Thermo
Scientific Varioskan Flash, Massachusetts, USA) at 595
nm cell and the cell density of each well was also observed
under a light microscope with a total magnification of
100x. MRSA cultures without treatment from the selected
active fractions served as a control, while methanol (3.5%
v/v) was used as a negative control. The percentage of
suppression of biofilm formation was calculated using the
following formula:

ODnegative control — ODtreaI:meu[

Suppression of biofilm formation (%) = %100

ODnegative control

Biofilm eradication assay

Around 200 puL of MRSA culture (1 x 10* CFU/mL)
was inoculated into 96-well plates containing BHI medium
and incubated for 5 days to promote mature biofilm
formation. The medium was replaced daily with fresh BHI
medium supplemented with 0.25% glucose. Furthermore,
AJ5 fraction was added at concentrations of 1xMIC,
¥xMIC, and %xMIC, and the plates were incubated for 24
hours at 37°C. After this incubation, the medium was
removed, and the biofilm was stained with 10 uL. of methyl
tetrazolium solution (5 mg/mL) and incubated for 3 hours
at 37°C. Following incubation, the samples were dissolved
in 200 pL of 99% DMSO (Merk, Germany), and control
was established using biofilm without any treatment.
Absorbance was then measured using an ELISA reader
(Varioskan Flash-Thermo Fisher, Thermo Scientific, Finland)
at 595 nm, and the data were expressed as means=+standard
deviation from 3 replicates (Wintachai et al. 2019).

Data analysis

The experimental data from the antibiofilm assay and
biofilm eradication test were collected in triplicate. This
was then analyzed using One-Way Analysis of Variance
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(ANOVA) and further examined with Tukey's analysis via
Statistical Product and Service Solutions (SPSS) software
version 29.0. Furthermore, a significance level of p<0.05
was set to determine statistical significance.

RESULTS AND DISCUSSION

Genome profile and identified Secondary Metabolite
Gene Clusters (SMGCs) in Priestia megaterium AJ5

The complete genomic DNA of the AJS strain was
successfully sequenced, resulting in a total assembled
genome length of 5,750,510 base pairs (bp) with 99.35%
genome completeness (Table 1). The average Guanine-
Cytosine content (GC%) was 37.73%, and the total number
of Coding Sequences (CDSs) was 6,016. Furthermore, the
characteristic graphical map of the AJ5 genomic draft is
shown in Figure 1. Based on Average Nucleotide Identity
(ANI) analysis, the genomic sequences of the strain showed
high similarity (ANI>98%) with Priestia megaterium,
suggesting that this bacterium belonged to the same species
(Table 2). The bacterium was closely related to P. megaterium
NCTC10342, with an average ANI of 98.37%, followed by
ATCC14581 (ANI: 98.36%), and NBRC15308 (ANIL:
98.34%). The draft genome sequence of the AJ5 strain was
accessible in the NCBI GenBank database under accession
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number CP170487. Furthermore, the SMGCs carried in the
genomic draft of the AJ5 strain were identified. AntiSMASH
analysis revealed that the bacterium had 5 types of SMGCs,
including Non-Ribosomal Peptide Synthetase (NRPS)-
Independent (NI) siderophores, 3 types of terpenes, and
type III Polyketide Synthase (PKS) (Table 3). A total of 3
out of the 5 SMGCs found in the AJ5 genome were known
to be involved in the synthesis of synechobactin C9, surfactin,
and carotenoids. At the same time, the gene products of the
other 2 identified gene types remain unidentified (Figure
2). Carotenoid secondary metabolite showed a high homology
of 50%, while synechobactin C9 and surfactin exhibited
low homologies (<40%).

Table 1. Genomic features of AJ5 strain

Genomic features

Size of the genome assembly (bp) 5,750,510
GC content (%) 37.73
Number of contigs 6
Largest contig (bp) 5,134,075
Mean read length (bp) 24,831.6
Read length N50 (bp) 5,134,075
Coding sequences (CDSs) 6,016
Genome completeness (%) 99.35

Figure 1. Visualization of whole genome AJS5 strain. Blue: Pseudogenes, black: CDS, green: rRNA, purple: tRNA, purple: gc content

>50%, brown: gc content <50%. Total genome size 5,750,510 bp
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Table 2. Selected closest relative strains of AJS strain based on whole genome sequences

Strain Genus Species Genome size (Mb) Genome accession number ANI (%)
NCTC10342 Priestia P. megaterium 5.8 GCA _900445485.1 98.37
ATCC14581 Priestia P. megaterium 5.7 GCA_006094495.1 98.36
NBRC15308 Priestia P. megaterium 5.5 GCA 001591525.1 98.34
Table 3. Putative Secondary Metabolite Gene Clusters (SMGCs) present in the genome of the AJS strain
Cluster Length (bp) Type Compound  Bioactivity Homology (%) Source References
Cluster 1 34,576  NRPS independent Synechobactin Iron-chelator 23 Synechococcus sp. PCC  Boiteau and
(NI)-siderophore ~ C9 7002 Repeta (2015)
Cluster2 20,819  Terpene Surfactin Antimicrobial 8 Bacillus amyloliquefaciens Koumoutsi et
FZB42 al. (2004)
Cluster 3 20,849  Terpene Carotenoid Antioxidant 50 Halobacillus halophilus ~ Kocher et al.
DSM 22 (2009)
Cluster4 21,869  Terpene unidentified - - -
Cluster 5 41,086  Type III PKS unidentified - - -

Cluster 1:
Query sequence
COCO O I HODEEST Bl N > O OO O IDCHD D
BGC0002470: synechobactin
D ED  OPE (O PO X H > > S
Cluster 2 :
Query sequence
<KHDOH—@@ OB O XD
BGC0000433: surfactin (8% of genes show similarity), NRP:Lipopeptide
OO O <KID4 > | b | DO T XKKKE
Cluster 3 :
Query sequence
< | K K | o K O < H KK HOD LT DD
BGC0000645: carotenoid (50% of genes show similarity), Terpene
= o T TGN

Figure 2. Comparison of Secondary Metabolite Gene Clusters (SMGCs) identified in the genome of AJ5 strain with those in the MIBiG
database. Out of a total of 5 gene clusters, 3 were known to produce identified metabolites, while the products of the remaining 2 gene

clusters remained unidentified

Secondary metabolite fractions, anti-MRSA activity,
and their chemical profile

A total of 12 fractions were separated from the crude
extract of the AJ5 strain through column chromatography
(Table 4). Generally, these fractions showed a greenish-
black spot on the TLC plate under UV light at A 254 nm,
differing in the number of spots separated. Compared to
other fractions, F9 and F8 had a higher number of
separated spots, while other fractions exhibited at least 2
spots. Additionally, the spot fractions displayed red, blue,
and green spots under UV light at A 365 nm (Figure 3).

Furthermore, the Minimum Inhibitory Concentration (MIC)
of all fractions was determined, revealing that these
fractions had different MICs against MRSA (Table 5). F9,
F12, and F8 exhibited the lowest MICs, categorized as
strong anti-MRSA activity, with MICs of 117.5 pg/mL,
180 pg/mL, and 243.1 pg/mL, respectively. On the other
hand, 2 fractions showed moderate activity, 5 fractions
were considered weak, and 2 fractions were inactive. The 2
best fractions (F9 and F12) were then selected for further
identification and antibiofilm analysis.
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LC-MS/MS-based identification showed that both F9
and F12 had different chemical profiles (Figure 4).
Nevertheless, nigakilactone H was found in both fractions,
and each had other distinct components with varying retention
times and abundances. F9 contained tetratriacontanamine
and 2 other unidentified compounds, while F12 contained
2-(p-Anisyl)-5-methyl-1-hexene and 3 other unidentified
compounds.

Biofilm suppression and eradication of Nigakilactone
H-containing fractions

A total of 2 selected fractions, F9 and F12, demonstrated
promising antibiofilm activity, as indicated by their ability
to suppress biofilm formation of MRSA. Briefly, the F9
fraction was more active than F12, with F9 capable of
inhibiting MRSA biofilm formation by up to 81.54+1.80%
at the IXMIC treatment (Figure 5). The inhibition of
biofilm formation was not significantly different among the
treatments with 1xMIC, 1/2xMIC, and 1/4xMIC. On the
other hand, F12 was also capable of suppressing biofilm
formation by up to 77.01£1.96%. There were no significant
differences between the treatments with 1xMIC and
1/4xMIC, but these treatments were significantly different
from the 1/2xMIC treatment. In addition, cell density
stained with crystal violet was also higher in control,
compared to treatments. MRSA cell density decreased
following higher concentration of fractions (Figure 6).

The F9 and F12 fractions also exhibited a dose-
dependent eradication effect on mature MRSA biofilm. The
highest eradication effects of F9 and F12 fractions were
observed at a concentration of 1xXMIC, with eradication
percentages of 79.23£1.96% and 58.89+1.07%, respectively.
Therefore, the F9 fraction had a stronger eradication effect
than the F12 fraction, and this decreased as the fraction
concentration was reduced (Figure 7).

Discussion

Microbial natural products derived from endophytic
bacteria represent a vast source of potential future drugs for
pharmaceutical applications. Bacterial genome mining aids
in the discovery and identification of both characterized
and uncharacterized SMGCs, facilitating the exploration of
novel SMGCs. This study conducted whole genome
sequencing and bioinformatics analyses to predict gene
clusters responsible for the biosynthesis of these compounds,
and to investigate the capability of the AJS5 strain in
synthesizing secondary metabolites. In a previous study,
16S rRNA-based identification revealed that the AJS strain
was highly similar to Priestia megaterium ATCC 14581
(accession no. NR 116873.1) (Priyanto et al. 2023).
Confirming this result, the complete genome sequence (total
length: 5,750,510 bp, with 99.35% genome completeness)
further validated the identity of the strain. The AJS strain
exhibited the highest similarity to P. megaterium NCTC
10342 (accession no. GCA_900445485.1), with a high ANI
of 98.37%, followed closely by P. megaterium ATCC
14581 and P. megaterium NBRC 15308, with ANIs of
98.36% and 98.34%, respectively. These values confirmed
that the bacterium belonged to the same species, as the
average cutoff was greater than 95% (Yoon et al. 2017).
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This species was widely distributed in various environments,
including soil (Adeniji et al. 2024), plant tissue (Jo et al.
2023), marine environments (Tay et al. 2023), and chicken
manure (Deng et al. 2021), highlighting its potential for
various biotechnological applications.

Table 4. Purified fraction derived from secondary metabolite AJS
strain using 3 different mobile phases

Fraction code Mobile phase Weight (mg)
F1 Hexane:ethyl acetate (7:3 v/v) 37.0
F2 Hexane:ethyl acetate (7:3 v/v) 64.7
F3 Hexane:ethyl acetate (7:3 v/v) 61.0
F4 Hexane:ethyl acetate (7:3 v/v) 26.6
F5 Hexane:ethyl acetate (5:5 v/v) 43.7
Fo6 Hexane:ethyl acetate (5:5 v/v) 61.0
F7 Hexane:ethyl acetate (9:1 v/v) 50.6
F8 Ethyl acetate 74.6
F9 Ethyl acetate 68.9
F10 Ethyl acetate 42.0
F11 Methanol 69.0
F12 Methanol 24.2

Table 5. Minimum Inhibitory Concentration (MIC) of fractions
from AJ5 strain against MRSA

Fraction MIC (pg/mL) Effectivity
F1 >1005 Weak

F2 1585 Weak

F3 >2240 Inactive

F4 980 Moderate
F5 >1190 Weak

F6 867.5 Moderate
F7 >1625 Weak

F8 243.1 Strong

F9 117.5 Strong

F10 >1320 Weak

F11 >2490 Inactive
F12 180 Strong
Tetracycline 6.25 Very strong

Figure 3. Spot profile of 12 fractions derived from AJS5 strain in
TLC plate using mobile phase hexane: Ethyl acetate (7:3 v/v)
observed under ultraviolet light at a wavelength: A. 254 nm, and
B. 365 nm
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The AntiSMASH analysis was applied to screen SMGCs
present in the AJ5 genome sequences. These bioinformatics
tools suggested that a genomic draft of the bacterium
possessed possible 5 SMGCs, such as Non-Ribosomal
Peptide Synthetase (NRPS)-Independent (NI) siderophores,
3 types of terpenes, and type III PKS. A total of 3 out of 5
gene clusters were known to be responsible for the
biosynthesis of bio compounds, including synecobactin C9,
surfactin, and carotenoid. Overall identified secondary
metabolites showed low homologies (<40%), except
carotenoid (homology: 50%), likely suggesting the novelty
of the genes and gene products. Synecobactin was a
siderophore that was well known to be synthesized by
cyanobacteria via NRPS independent pathway. In comparison,
most siderophores were synthesized through the NRPS
pathway, usefull for bioremediation and medicinal application
(Arstel and Hohmann-Marriott 2019). Synecobactin-related
gene was also found in the genome of P. megaterium
MARUCOO02 isolated from mangrove sediments (Maghembe
et al. 2023). In addition, the AJ5 genome also contained
SMGCs for surfactin, a lipopeptide antibiotic that
commonly produced by Bacillus species. Surfactin, derived
from endophytic B. amyloliquefaciens strain RKEA3,
exhibited a remarkable antibacterial property against S.
aureus (Rasiya and Sebastian 2021). Moreover, the AJS
genome also contained gene clusters that were 50% similar
to the gene cluster responsible for carotenoid biosynthesis.
The substance was important for the self-protection of this
bacterium from UV radiation and oxidative stresses (Hartz
et al. 2018). Earlier studies proved that microbial carotenoids
showed strong antibacterial activity against MRSA and
MDR Escherichia coli (Kusmita et al. 2023). However,
AJS strain genome also carried 2 other gene clusters with
unidentified natural products, indicating an opportunity for
further investigation to find novel compounds. Generally,
antiSMASH analysis of AJS5 strain revealed its potential
biosynthetic pathway of secondary metabolites valuable for
pharmaceutical purposes.

Fractionation was an important procedure for purifying
secondary metabolites from natural sources. In this study,
TLC and column chromatography were employed to obtain
more purified compounds produced by the AJ5 strain. A
total of 12 fractions with different Ry and spot characteristics
were successfully isolated. All fractions were subjected to a
microbroth dilution assay to investigate the active fractions'
function against MRSA. Each fraction differed in anti-
MRSA activities, as indicated by their MICs. A total of 2
fractions, F9 and F12, with MICs less than 200 pg/mL,
were selected for further identification and antibiofilm
assays, as these could significantly contribute to the anti-
MRSA effect of the extract. These selected fractions
contained nigakilactone H, a triterpenoid previously reported
in plants such as Picrasma quassioides (D.Don) Benn.
(NCBI 2024). Nigakilactone H-containing fractions isolated
from Hibiscus sabdariffa L. had shown cytotoxic effects
against breast cancer cell lines (Yuliastri et al. 2022).
However, no previous studies had reported its antimicrobial
activity. Further purification was necessary to isolate and
investigate further its role in antibacterial properties. Other
compounds identified in the selected fractions included
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tetratriacontanamine and 2-(p-anisyl)-5-methyl-1-hexene,
which had also not been previously reported as antibacterial
agents. Additionally, 2 compounds in the F9 fraction and 2
compounds in the FI12 fraction remained unidentified,
suggesting that other approaches were necessary to
characterize these compounds. To our knowledge, this was
the first report that the nigakilactone H-containing fraction
displayed anti-MRSA activity.
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Priestia megaterium AJ5. Different letters above the bars for each
fraction treatment indicate statistically significant differences
(P<0.05)

Biofilm significantly contributed to preventing the
penetration of antimicrobial substances into bacterial cells,
resulting in drug resistance that was 10 to 1,000 times
greater than in their planktonic forms (Tuon et al. 2023).
This study revealed that the 2 selected fractions exhibited a
remarkable suppressive effect on biofilm formation in
MRSA. Treatment with % xMIC (29.38 ug/mL), % xMIC
(58.75 pg/mL), and 1xMIC (117.5 pg/mL) of the F9
fraction was capable of suppressing MRSA biofilm formation
by up to 81.54% (with no statistically significant differences
among the treatments). In comparison, the F12 fraction
inhibited up to 77% of biofilm formation. Following this
study, a purified peptide from a Brevibacillus strain showed
50% inhibition of MRSA biofilm at 2.92 pg/mL and
completed biofilm inhibition at 128 pg/mL (Ogunsile et al.
2023). Supporting this study, a metallopeptidase-producing
Priestia strain isolated from a marine sponge also demonstrated
antibiofilm properties against S. aureus, achieving up to
92% inhibition (Ribeiro et al. 2024). These 2 fractions also
eradicated established biofilms in a dose-dependent manner,
with higher eradication activity observed at higher fraction
concentrations. At a concentration of 1x MIC, the F9 and
F12 fractions eradicated MRSA biofilm by 79.23+1.96%
and 58.89+1.07%, respectively. The eradication activity

decreased with a reduction in fraction concentration,
indicating that the variability in response to antibiofilm
activity depended on metabolite concentration. The
effectiveness of each fraction in eradicating mature biofilms
was lower than its activity in inhibiting biofilm formation.
This suggests that established biofilms hinder the
penetration of antimicrobial substances, therefore reducing
their effectiveness.

In conclusion, this study investigated the genomic
profile of the endophytic bacterium AJS strain, along with
in vitro assays assessing its antibiofilm potential against
MRSA. The complete genome sequence of this bacterium
confirmed a high similarity to P. megaterium. The bacterial
genome also contained 5 SMGCs potentially involved in
the biosynthesis of secondary metabolites. Discovery of 2
active fractions which exhibited strong antibacterial and
antibiofilm activities against MRSA, was a significant
breakthrough. These fractions contained contain nigakilactone
H, along with other distinct components such as
tetratriacontanamine and 2-(p-Anisyl)-5-methyl-1-hexene.
This study was the first to demonstrate the inhibitory
effects of these compounds on MRSA growth and biofilm
formation, potentially paving the way for novel antibacterial
strategies. The unidentified compounds in each fraction
present an exciting avenue for future research, inspiring
further exploration in the field. Unidentified compounds
presented in each fraction warrant further investigation in
future studies. Therefore, a subsequent study should focus
on the identification and purification of individual compounds
and the exploration of their antibacterial mechanisms,
particularly those of nigakilactone H, in order to discover
more promising substances compared to the existing active
compounds. Additionally, investigating the biosynthetic
pathways of known metabolites is essential. This preliminary
study underscored the anti-MRSA potential of the AJS
strain, which could serve as a valuable source for the
development of anti-MRSA compounds in the future.
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