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Isolation and characterization of Boudabousia marimammalium from a mangrove habitat: identification of dual-function antimicrobial and anticancer peptides
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Actinomycetes were isolated from mangrove soil samples and cultivated on starch casein nitrate (SCN) medium. The isolate was identified as Boudabousia marimammalium through 16S rRNA gene sequencing and phylogenetic analysis using MEGA X. Microscopic examination revealed filamentous mycelia with spirally coiled spore chains bearing cylindrical, hairy spores with curved edges, consistent with the genus morphology. Crude protein was extracted, partially purified (11.52-fold), and quantified (0.195 mg/mL, 8.48% recovery). Antimicrobial activity was tested against a panel of bacterial pathogens, and anticancer potential was evaluated using PC3 prostate cancer cells. LC-MS was employed for compound identification. The crude protein extract exhibited significant antimicrobial activity against Proteus vulgaris (22 ± 0.6 mm), Salmonella typhimurium (15 ± 0.6 mm), Bacillus cereus (13 ± 0.6 mm), Pseudomonas aeruginosa (14 ± 0.6 mm), and Staphylococcus aureus (10 ± 0.6 mm). It also showed anticancer activity, causing 37.43% growth inhibition of PC3 cells at 200 µg. LC-MS analysis identified a dipeptide with a molecular weight of 351.45 Da, corresponding to Tryprostatin B, a known bioactive compound. The isolate B. marimammalium from mangrove soil produces bioactive peptides with dual antimicrobial and anticancer properties.
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Introduction

Microbes are cosmopolitan in distribution throughout the world. Studies over a few decades reveal that the bioactive potential of microbes is known from ancient times (Berdy, 2005; Chater, 2013). Curiosity, genetic manipulation, and threats have increased our understanding of the significance and mechanisms of microbes (Buedenbender et al., 2017). Many biological impacts have proven that microbes alone, perhaps because of their ability to sustain extreme conditions, are a unique ability that has grabbed the attention of the scientific community for a sustainable future. Recently, researchers have focused on Actinomyces diversification studies, irrespective of habitat and biological system.

One such extreme habitat is the mangrove, which has an aberrant tidal frequency, salt content, limited nutrients, and unstable high-temperature conditions (Sivalingam et al., 2019; Sayed et al., 2020; Karthik and Kalyani, 2022). There are very limited studies that have reported on the mangrove region of Mangalore, as it remains an untapped area for microbial research (Aly et al., 2020). The diversity of such extreme habitat microbes shows potential metabolites for the treatment of various human ailments (Berdy 2005; Karthik et al., 2020). Few studies on novel and rare species in such extreme habitats have proven their potential for biological activities (Hoyles et al., 2001; Chen et al., 2015).

Actinomycetes are well known for ancient and modern therapeutics; they are involved in antibiotic production for antibacterial, antifungal, antiangiogenic, anticancer, antiparasitic, immunosuppressant, antihelminthic, enzyme inhibitor, immunomodulator, plant growth regulator, and wound healing activities (Janiszewska et al., 2012; Kalyani and Rajina, 2017; Herbrík et al., 2020; Karthik and Kalyani, 2021). A report states that about 45% of all bioactive secondary metabolites of microbial origin are obtained from the actinomycetes, and approximately 75% are produced by Streptomyces sp. (Abdillah et al., 2015; Karthik et al., 2023a, 2023b).

In addition, actinomycetes have the potential to produce various antibiotics. The recent problem of multidrug resistance and COVID-19 has led the world to identify new therapeutic agents from different reliable habitats (Kumar et al., 2023). This study identified one such rare and biologically evidenced important strain from the mangrove region of Mangalore: Boudabousia marimammalium.



Materials and methods


Soil sample collection sites

Soil samples were randomly collected from a mangrove habitat in the Mangalore region of Dakshina Kannada, Karnataka, India. The specific sampling site, Kallapu (KLPU), is located at 12°50′07.3”N, 74°51′31.2″E. Bacterial isolation was performed using the spread plate technique, and media optimization was carried out using distinct growth media, including Malt Extract Agar (MEA), Starch Peptone Agar (SPA), Glycerol Asparagine Agar (GAA), Nutrient Agar (NA), and Yeast Extract Agar (YEA). The 16S rRNA gene was amplified and sequenced, yielding a 986 bp fragment encompassing variable regions V3 to V9, which are widely recognized for their taxonomic informativeness. The sequence was analyzed using NCBI basic local alignment search tool, and phylogenetic analysis was conducted using MEGA X to infer evolutionary relationships. The procedures followed for bacterial isolation, media optimization, and molecular identification were based on the methodology described in our previous study (Karthik and Kalyani, 2022).



Extraction of bioactive peptides from an actinomycete isolate

Actinomycetes strains were incubated at 30 ± 2°C for 7 days in starch casein agar (SCA) medium supplemented with 1% soya peptone under constant agitation at 100 rpm to promote growth. After incubation, the cultured biomass was harvested by centrifugation at 7000 rpm for 10 min. The cell pellet was washed twice with phosphate-buffered saline (PBS, Mg2+/Ca2+-free) to remove residual medium components and recentrifuged under the same conditions. The washed cells were then suspended in 10 mL of ice-cold acetone, thoroughly mixed, and incubated on ice for 5 min to precipitate proteins and disrupt cell membranes. Following this, the suspension was then centrifuged at 7000 rpm for 10 min, and the acetone supernatant was discarded. Residual acetone was removed by drying the pellet under a gentle stream of nitrogen gas to prevent protein denaturation. Finally, the protein fraction was solubilized by resuspending the dried pellet in 1.0 mL of 1% sodium dodecyl sulfate (SDS) and incubating for 2 min at room temperature, following the method of Bhaduri and Demchick (1983). The extracted protein was then stored at −20°C until further use.



Antimicrobial activity

Antimicrobial activity was assessed using the agar well diffusion method. Wells (6 mm) were loaded with 50 μg of crude actinomycetes protein on nutrient agar plates inoculated with test pathogens (E. coli, P. aeruginosa, K. pneumoniae, S. aureus, B. cereus, P. vulgaris, S. typhimurium, and E. aeruginosa). Zones of inhibition were measured after 24 h of incubation.



Protein purification and characterization

Actinomycetes protein was purified using Sephadex G-10 size-exclusion chromatography, equilibrated with 0.05 M sodium phosphate buffer (pH 7.0). Proteins were eluted at 10 mL/h, collected in 2-ml fractions, and tested for antibacterial activity via the well diffusion method. We analyzed the peak fraction from Sephadex G-10 using LC–MS (SynaptG2) with a Bridged Ethylene Hybrid C18 column (50 mm × 1.0 mm, 1.7 μm). Mobile phases were 0.1% formic acid in water (A) and 0.1% formic acid in acetonitrile (B), run on an Agilent 1,100 LC system. The anticancer assay (MTT) was performed as described by Karthik et al. (2023a).




Results

Mangrove habitats in Mangalore, specifically in Kallapu (Figure 1), provide a unique environment for isolating actinomycetes. The brown, powdery soil (21.2°C, pH 7.2) yielded isolate S23, which exhibited creamish-white mycelia and gray spores on maturity. S23 showed positive pigmentation on SCA media, with Gram-positive, spirally coiled spore chains and cylindrical, hairy spores (Figure 2). Growth optimization across the six media revealed excellent growth and gray spore production on starch casein nitrate, whereas other media showed limited or no growth (Table 1).
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FIGURE 1
 Mangrove soil sample collection site, Kallapu, Mangalore region. (A) Mangrove soil sample collection site, Kallapu, Mangalore region. (B) Location map depicting the soil sample collection in the Mangalore region of Dakshina Kannada, Karnataka, India.
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FIGURE 2
 Cultural characteristics of actinomycete isolate S23: (a) Rear view of isolate, (b) Front view of isolate, (c) Phase contrast microscopic analysis, (d) Mycelia observations under FESEM, (e) Mycelia along with spore analysis under FESEM, and (f) Spore structure analysis using FESEM.



TABLE 1 Phenotypic characteristics of actinomycete isolates grown on different media (media optimization).


	Isolate
	Agar media
	Growth
	Front view
	Rear view
	Pigment
	Spores

 

 	S23 	Sucrose peptone 	No 	− 	− 	− 	No


 	S23 	Glucose leucine 	No 	− 	− 	− 	No


 	S23 	Nutrient agar 	No 	− 	− 	− 	−


 	S23 	Malt extract 	No 	− 	− 	− 	No


 	S23 	Yeast extract 	Good 	Cream 	Creamish white 	− 	No


 	S23 	Starch casein nitrate 	Excellent 	Brown 	Black 	+ 	Gray




 


Molecular sequencing of actinomycete isolates

Actinomycetes isolate S23 and its purified and amplified DNA (Figure 3) were identified as Boudabousia marimammalium YKIKM. MU03 (GenBank: MW898115). The phylogenetic tree (Figure 4) and maximum-likelihood species confirmed this identification. Previously reported in marine mammals in the UK (Hoyles et al., 2001), this study marks the first report of B. marimammalium from the mangroves of Mangalore.
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FIGURE 3
 (A) Agarose gel electrophoresis for the detection of isolated DNA using the GeneRuler 1 kb DNA Ladder (Thermo Scientific) as a molecular weight marker. (B) Quantification of PCR-amplified DNA from a pure actinomycete isolate.
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FIGURE 4
 Phylogenetic tree of Boudabousia marimammalium YKIKM. MU03 (S23) using the Neighbor-Joining method.




Protein extraction and purification

A 20 mg protein sample was loaded onto the column, and 2 mL fractions were collected, totaling ~216 mL (2.5 bed volumes). Absorbance at 280 nm was measured, and a graph was plotted with the fraction numbers (X-axis) and absorbance (Y-axis). The crude protein extract exhibited a concentration of 2.3 mg/mL, which was considered the baseline for purification (1-fold) with a yield of 100%. Following gel filtration chromatography using Sephadex G-10, the protein concentration was reduced to 0.1950 mg/mL. However, this step resulted in significant purification, achieving an 11.52-fold increase in purity, although with a reduced yield of 8.48% (Figure 5).
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FIGURE 5
 Elution profile of Boudabousia marimammalium culture protein extract using Sephadex G-10 column chromatography.




Antimicrobial and anticancer activity

The actinomycete isolate Boudabousia marimammalium showed effective antimicrobial activity, particularly against Gram-positive bacteria (S. aureus and B. cereus, Figure 6A) and Gram-negative bacteria (P. vulgaris, S. typhimurium, and P. aeruginosa). The bioactive peptides from this isolate outperformed S18-S22 isolates (Table 2) and demonstrated significant inhibition compared to standard antibiotics, such as streptomycin (Figure 6B).
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FIGURE 6
 (a) Pictorial images of the antimicrobial activity of actinomycete isolate S23 against Bacillus cereus, Proteus vulgaris, Salmonella typhimurium, Staphylococcus aureus, and Pseudomonas aeruginosa, and (b) Graphical representation of the antimicrobial efficiency of Actinomyces isolate S23 on eight standard cultures.



TABLE 2 Antimicrobial potential (zone inhibition in mm) for partially purified protein extract of Boudabousia marimammalium culture.


	Isolate
	
B. cereus

	
K. pneumoniae

	
E. aeruginosa

	
P. vulgaris

	
E. coli

	
S. typhimurium

	
S. aureus

	
P. aeruginosa


 

 	S18 	-- 	-- 	-- 	-- 	-- 	-- 	-- 	--


 	S19 	-- 	-- 	-- 	14 ± 0.6 	13 ± 0.6 	-- 	10 ± 0.6 	--


 	S20 	-- 	-- 	-- 	12 ± 0.6 	14 ± 0.1 	-- 	-- 	--


 	S21 	10 ± 0.6 	-- 	-- 	16 ± 1.0 	-- 	-- 	10 ± 0.6 	--


 	S22 	-- 	-- 	-- 	8 ± 0.3 	13 ± 0.3 	-- 	-- 	--


 	S23 	10 ± 0.6 	-- 	-- 	22 ± 1.0 	-- 	14 ± 0.6 	15 ± 0.6 	13 ± 0.6


 	Ampicillin 	22 ± 0.5 	20 ± 0.4 	21 ± 0.6 	23 ± 0.7 	24 ± 0.3 	21 ± 0.6 	25 ± 0.4 	19 ± 0.5





(−) indicates no inhibition observed; values are mean inhibition zones ± standard deviation (n = 3). Bold values depict the significant inhibition compound to standard antibiotics such as streptomyces.
 

Antimicrobial peptides (AMPs) from B. marimammalium also exhibited dose-dependent antiproliferative effects on PC3 prostate cancer cells, achieving 10–37% inhibition at 50–200 μg concentrations, compared to cisplatin (Figure 7). This dual antimicrobial and anticancer activity aligns with reported studies on actinomycete-derived peptides and supports their potential in therapeutic applications (Yin et al., 2008; Alapati and Muvva, 2013).
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FIGURE 7
 (a) Untreated PC3 cells, (b) 5 μg of cisplatin, (c) 200 μg of anticancer activity of Boudabousia marimammalium showed a potential of 37.43%, and (d) differential protein extraction efficiency of Boudabousia marimammalium.


Antimicrobial peptides (AMPs) have been shown to exhibit cytotoxic effects against various cancer cell lines (Tornesello et al., 2020), including breast cancer, lung cancer, melanoma, leukemia, and lymphoma. These AMPs with anticancer activity are termed “anticancer peptides” (ACPs), and the shared structural and functional characteristics of AMPs and ACPs, such as cationicity and membrane-disrupting abilities, underlie their dual antimicrobial and anticancer activities (Guzmán-Rodríguez et al., 2015; Jafari et al., 2022; Qu et al., 2024).



LC–MS analysis/peptide characterization

LC–MS analysis of the partially purified protein identified it as Tryprostatin B (Figure 8), a cyclic dipeptide with anticancer and antimitotic properties. Tryprostatin B, also known as deoxybrevianamide E, differs from Brevianamide F due to a prenyl group at the second position of the indole ring. It exhibits cytotoxic activity and plays a key role in the antimitotic pathway. Biochemical and genetic studies have identified biosynthetic genes, intermediates, and shunt products linked to its production.
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FIGURE 8
 Elution profile of protein extracted from Boudabousia marimammalium YKIKM. MU03 protein. (a) Mass confirmation and analysis record, and (b) 2D structure of Tryprostatin B.





Discussion

The unique environmental conditions of the mangrove habitat in Kallapu, Mangalore, facilitated the isolation of Boudabousia marimammalium, a rare actinomycete species previously reported only in marine mammals in the UK (Hoyles et al., 2001). The soil’s physical characteristics and moderate pH (7.2) provided an ideal environment for actinomycete growth, as confirmed by the distinct morphological and pigmentation features of isolate S23. Growth optimization highlighted starch casein nitrate as the most suitable medium, yielding excellent growth and spore production. Similar findings have been reported, emphasizing the importance of tailored growth conditions for actinomycete cultivation (Subramani and Aalbersberg, 2012).

Molecular sequencing confirmed that S23 was B. marimammalium YKIKM. MU03 (GenBank accession number: MW898115). This is the first report of this species in mangroves, expanding its known habitat from marine mammals to terrestrial mangrove ecosystems. Phylogenetic analysis (Figure 4) and comparative species likelihood further validated this taxonomy. The rare occurrence of B. marimammalium highlights the potential of unexplored habitats, such as mangroves, for the discovery of novel actinomycete strains with therapeutic potential (Yu et al., 2024).

Although full-length 16S rRNA sequences (approximately 1,400–1,500 bp) are considered the gold standard for species-level identification, several studies have reported that partial sequences exceeding 900 bp can provide reliable genus- and sometimes species-level resolution, particularly when encompassing multiple hypervariable regions (Janda and Abbott, 2007; Chakravorty et al., 2007; Yarza et al., 2014). In our study, the 986 bp sequence covered key variable regions (V3–V9) and showed >99% identity to Boudabousia marimammalium in basic local alignment search tool analysis. Phylogenetic clustering of the type strains further supported this identification. Nonetheless, we acknowledge the limitations of using a partial sequence and recognize that near-full-length 16S rRNA sequencing provides additional taxonomic resolution. This issue will be addressed in future studies.

Protein extraction and purification processes demonstrated the isolate’s ability to produce bioactive compounds with significant antimicrobial and anticancer properties. Fraction 87, identified as the peak protein fraction with 8.48% yield and 11.52-fold purification, exhibited remarkable bioactivity. Actinomycete-derived peptides, including antimicrobial peptides (AMPs), have been widely reported to inhibit both Gram-positive and Gram-negative bacteria (Hamamoto et al., 2002). In this study, B. marimammalium showed potent activity against pathogens like S. aureus, B. cereus, P. vulgaris, S. typhimurium, and P. aeruginosa (Figure 6A). These pathogens are known to cause critical infections, including sepsis, typhoid fever, and respiratory diseases, underscoring the clinical relevance of these findings (Baron et al., 1992; Akova, 2016).

In addition to their antimicrobial effects, the bioactive peptides exhibited anticancer activity, as demonstrated by the dose-dependent inhibition of PC3 prostate cancer cells (Figure 7). At concentrations of 50–200 μg, the peptides achieved 10–37% antiproliferative effects, comparable to the standard drug cisplatin. These findings align with reports of actinomycete-derived anticancer peptides that exhibit dual antimicrobial and anticancer activities through membrane disruption and cytotoxic mechanisms (Zasloff, 2002; Papo and Shai, 2005; Hancock and Sahl, 2006).

LC–MS analysis identified the bioactive peptide as Tryprostatin B, a cyclic dipeptide with anticancer and antimitotic properties. Tryprostatin B is structurally similar to Brevianamide F but contains a prenyl group, enhancing its bioactivity. Previous studies have highlighted Tryprostatin B’s role in inhibiting mitotic pathways and its cytotoxic effects in vitro and in vivo. The biosynthetic pathways and genetic determinants associated with this peptide further underscore its therapeutic potential, as demonstrated by recent advances in microbial peptide research (Alkhalaf and Ryan, 2015; Wright, 2019; Yu et al., 2024).

This study provides compelling evidence for the antimicrobial and anticancer potential of B. marimammalium peptides, particularly Tryprostatin B, in a novel mangrove habitat. These findings contribute to the growing body of research on actinomycete-derived bioactive compounds and their applications in developing new therapeutic agents for infectious diseases and cancer.

Similar studies have been conducted on Streptomyces sp. MCCB267 is an endosymbiont in sponges. Streptomyces sp.-derived bioactive compounds showed promising anticancer activity against the lung cancer NCI-H460 cell line. The activity was characterized by nuclear apoptotic morphology, viz., shrinkage of cell nuclei, chromatin condensation, and nuclear fragmentation (Dhaneesha and Sajeevan, 2016).

In another study, in vivo testing of bioactive substances obtained from actinomycetes in an Egyptian environment led to a considerable increase in protection against harmful Acid-fast bacilli (AFB). Actinomycete-derived bioactive compounds can be used as food additives, to provide protection, and to cure endemic liver illnesses (El-Nekeety et al., 2017). Based on these findings, the actinomycete group may have some anticancer action against different cell types. Therefore, our study provides evidence that PC3 cells were successfully treated with peptides originating from the actinomycete group.



Conclusion

Mangrove habitats, with their extreme and unique conditions, serve as hotspots for actinomycete diversification, fostering the production of bioactive compounds with therapeutic potential. Our study identified Boudabousia marimammalium as a rare actinomycete species, which was confirmed by molecular sequencing. This species exhibited remarkable features, including spherical spine spores and antimicrobial peptides (AMPs) with dual antimicrobial and anticancer activities. These AMPs, also termed “anticancer peptides” (ACPs), showed cytotoxic effects against the PC3 cell line and were partially purified as tryprostatin B, a known cyclic dipeptide with anticancer properties. The peptides’ functional characteristics, such as membrane disruption and cationicity, underlie their therapeutic efficacy. However, limited studies on Boudabousia marimammalium necessitate further research to explore its pharmacokinetics, pharmacodynamics, and full therapeutic potential.



Data availability statement

The original contributions presented in the study are included in the article/supplementary material, further inquiries can be directed to the corresponding authors.



Author contributions

YK: Writing – original draft, Writing – review & editing, Conceptualization, Formal analysis, Methodology, Software. SK: Writing – original draft, Writing – review & editing. MI: Writing – review & editing, Supervision. RD: Writing – review & editing, Formal analysis, Writing – original draft. PS: Writing – original draft, Writing – review & editing. KM: Formal analysis, Writing – original draft, Writing – review & editing. ST: Writing – review & editing. LA-S: Writing – review & editing. LA: Writing – review & editing. OA: Writing – review & editing. SA: Writing – review & editing. MM: Writing – original draft, Writing – review & editing.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. The research was also supported by Princess Nourah bint Abdulrahman University Researchers Supporting Project number (PNURSP2025R365) and Princess Nourah bint Abdulrahman University, Riyadh, Saudi Arabia.



Acknowledgments

Our sincere thanks to Mangalore University, India, for providing the infrastructure. This study was supported by the Science and Engineering Research Board, DST, Government of India, and Vision Group of Science and Technology, Government of Karnataka, by providing financial and equipment grants.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The authors declare that no Gen AI was used in the creation of this manuscript.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References
	 Abdillah, S., Tambunan, R. M., Farida, Y., Sandhiutami, N. M. D., and Dewi, R. M. (2015). Phytochemical screening and antimalarial activity of some plants traditionally used in Indonesia. Asian Pac. J. Trop. Dis. 5, 454–457. doi: 10.1016/S2222-1808(15)60814-3
	 Akova, M. (2016). Epidemiology of antimicrobial resistance in bloodstream infections. Virulence 7, 252–266. doi: 10.1080/21505594.2016.1159366 
	 Alapati, K., and Muvva, V. (2013). Evaluation of bioactive compounds produced by Nocardia levis MK-VL_113 and Streptomyces tendae TK-VL_333 for cytotoxic activity. Indian J. Med. Res. 137, 391–393.
	 Alkhalaf, L. M., and Ryan, K. S. (2015). Biosynthetic manipulation of tryptophan in bacteria: pathways and mechanisms. Chem. Biol. 22, 317–328. doi: 10.1016/j.chembiol.2015.02.005 
	 Aly, M. M., Bahamdain, L. A., and Aba, S. A. (2020). Unexplored extreme habitats as sources of novel and rare actinomycetes with enzyme and antimicrobial activities. IOSR J. Pharm. Biol. Sci. 14:10. doi: 10.9790/3008-1406034554
	 Baron, E., Bennion, R., Thompson, J., Strong, C., Summanen, P., McTeague, M. S. M., et al. (1992). A microbiological comparison between acute and complicated appendicitis. Clin. Infect. Dis. 14, 227–231. doi: 10.1093/clinids/14.1.227
	 Berdy, J. (2005). Bioactive microbial metabolites. J. Antibiot. 58, 1–26. doi: 10.1038/ja.2005.1 
	 Bhaduri, S., and Demchick, P. H. (1983). Simple and rapid method for disruption of bacteria for protein studies. Appl. Environ. Microbiol. 46, 941–943. doi: 10.1128/aem.46.4.941-943.1983 
	 Buedenbender, L., Carroll, A. R., Ekins, M., and Kurtböke, D. İ. (2017). Taxonomic and metabolite diversity of actinomycetes associated with three Australian ascidians. Diversity 9:53. doi: 10.3390/d9040053
	 Chakravorty, S., Helb, D., Burday, M., Connell, N., and Alland, D. (2007). A detailed analysis of 16S ribosomal RNA gene segments for the diagnosis of pathogenic bacteria. J. Microbiol. Methods 69, 330–339. doi: 10.1016/j.mimet.2007.02.005 
	 Chater, K. F. (2013). “Streptomyces” in Brenner’s encyclopedia of genetics. eds. S. Maloy and K. Hughes. 2nd ed (Cambridge, Massachusetts, United States: Elsevier), 565–567.
	 Chen, C.-L., Chung, T., Wu, C.-C., Ng, K. F., Yu, J. S., Tsai, C. H., et al. (2015). Comparative tissue proteomics of microdissected specimens reveals novel candidate biomarkers of bladder cancer. Mol. Cell. Proteomics 14, 2466–2478. doi: 10.1074/mcp.M115.051524 
	 Dhaneesha, M., and Sajeevan, T. P. (2016). Anticancer activity of sponge-associated actinomycetes Streptomyces sp. MCCB267 on lung cancer cell line. Front. Microbiol. 7, 1628–1639.
	 El-Nekeety, A. A., Salman, A. S., Hathout, A. S., Sabry, B. A., Abdel-Aziem, S. H., Hassan, N. S., et al. (2017). Evaluation of the bioactive extract of Actinomyces isolated from the Egyptian environment against aflatoxin B1-induced cytotoxicity, genotoxicity, and oxidative stress in the liver of rats. Food Chem. Toxicol. 105, 241–255. doi: 10.1016/j.fct.2017.04.024 
	 Guzmán-Rodríguez, J. J., Ochoa-Zarzosa, A., López-Gómez, R., and López-Meza, J. E. (2015). Plant antimicrobial peptides as potential anticancer agents. Biomed. Res. Int. 2015:735087. doi: 10.1155/2015/735087 
	 Hamamoto, K., Kida, Y., Zhang, Y., and Kinoshita, M. (2002). Antimicrobial activity and stability to proteolysis of small linear cationic peptides with D-amino acid substitutions. Microbiol. Immunol. 46, 741–749. doi: 10.1111/j.1348-0421.2002.tb02759.x
	 Hancock, R. E. W., and Sahl, H.-G. (2006). Antimicrobial and host-defense peptides as new anti-infective therapeutic strategies. Nat. Biotechnol. 24, 1551–1557. doi: 10.1038/nbt1267 
	 Herbrík, A., Corretto, E., Chroňáková, A., Langhansová, H., Petrásková, P., Hrdý, J., et al. (2020). A human lung-associated Streptomyces sp. TR1341 produces various secondary metabolites responsible for virulence, cytotoxicity, and modulation of immune response. Front. Microbiol. 10:3028. doi: 10.3389/fmicb.2019.03028 
	 Hoyles, L., Pascual, C., Falsen, E., Foster, G., Grainger, J. M., and Collins, M. D. (2001). Actinomyces marimammalium sp. nov., from marine mammals. Int. J. Syst. Evol. Microbiol. 51, 151–156. doi: 10.1099/00207713-51-1-151 
	 Jafari, A., Babajani, A., Sarrami Forooshani, R., Yazdani, M., and Rezaei-Tavirani, M. (2022). Clinical applications and anticancer effects of antimicrobial peptides: from bench to bedside. Front. Oncol. 12:819563. doi: 10.3389/fonc.2022.819563 
	 Janda, J. M., and Abbott, S. L. (2007). 16S rRNA gene sequencing for bacterial identification in the diagnostic laboratory: pluses, perils, and pitfalls. J. Clin. Microbiol., 45, 2761–2764.
	 Janiszewska, J., Sowińska, M., Rajnisz, A., Solecka, J., Łącka, I., Milewski, S., et al. (2012). Novel dendrimeric lipopeptides with antifungal activity. Bioorg. Med. Chem. Lett. 22, 1388–1393. doi: 10.1016/j.bmcl.2011.12.051 
	 Kalyani, M. I., and Rajina, B. R. (2017). Corresponding peptide analysis from soil actinomycetes exhibiting antimicrobial and antiproliferative activities. Int. J. Pharm. Biol. Arch. 8, 79–87.
	 Karthik, Y., Ishwara Kalyani, M., Krishnappa, S., Devappa, R., Anjali Goud, C., Ramakrishna, K., et al. (2023a). Antiproliferative activity of antimicrobial peptides and bioactive compounds from the mangrove Glutamicibacter mysorens. Front. Microbiol. 14:1096826. doi: 10.3389/fmicb.2023.1096826 
	 Karthik, Y., and Kalyani, M. I. (2021). Molecular profiling of Glutamicibacter mysorens strain YKIKM.MU and bioactive peptides characterization for antibacterial activity. Int. J. Pharm. Clin. Res. 3, 389–403.
	 Karthik, Y., and Kalyani, M. I. (2022). Occurrence of Streptomyces tauricus in mangrove soil of Mangalore region in Dakshina Kannada as a source for antimicrobial peptide. J. Basic Microbiol. 63, 36–50. doi: 10.1002/jobm.202200108 
	 Karthik, Y., Kalyani, M. I., Krishnappa, S., Ramakrishna, K., Sayed, S. M., Aharthy, O. M., et al. (2023b). Promising bioactive metabolites of mangrove inhabitant Streptomyces tauricus and prostate cancer PC3 cell inhibition by antimicrobial peptides. Front. Microbiol. 14, 1–10. doi: 10.3389/fmicb.2023.1152985 
	 Karthik, Y., Kalyani, M. I., Sheethal, K. S., Rakhshita, D., and Bineesha, K. B. (2020). Cytotoxic and antimicrobial activities of microbial proteins from mangrove soil actinomycetes of Mangalore, Dakshina Kannada. Biomedicine 40, 59–67. doi: 10.51248/.v40i1.104
	 Kumar, K. M., Karthik, Y., Ramakrishna, D., Balaji, S., Skariyachan, S., Murthy, T. P. K., et al. (2023). Immunoinformatic exploration of a multi-epitope-based peptide vaccine candidate targeting emerging variants of SARS-CoV-2. Front. Microbiol. 14, 1–19. doi: 10.3389/fmicb.2023.1251716 
	 Papo, N., and Shai, Y. (2005). Host defense peptides as new weapons in cancer treatment. Cell. Mol. Life Sci. 62, 784–790. doi: 10.1007/s00018-005-4560-2 
	 Qu, B., Yuan, J., Liu, X., Zhang, S., Ma, X., and Lu, L. (2024). Anticancer activities of natural antimicrobial peptides from animals. Front. Microbiol. 14:1321386. doi: 10.3389/fmicb.2023.1321386 
	 Sayed, A. M., Hassan, M. H. A., Alhadrami, H. A., Hassan, H. M., Goodfellow, M., and Rateb, M. E. (2020). Extreme environments: microbiology leading to specialized metabolites. J. Appl. Microbiol. 128, 630–657. doi: 10.1111/jam.14386 
	 Sivalingam, P., Hong, K., Pote, J., and Prabakar, K. (2019). Extreme environment Streptomyces: potential sources for new antibacterial and anticancer drug leads? Int. J. Microbiol. 2019:5283948. doi: 10.1155/2019/5283948 
	 Subramani, R., and Aalbersberg, W. (2012). Marine actinomycetes: an ongoing source of novel bioactive metabolites. Microbiol. Res. 167, 571–580. doi: 10.1016/j.micres.2012.06.005 
	 Tornesello, A. L., Borrelli, A., Buonaguro, L., Buonaguro, F. M., and Tornesello, M. L. (2020). Antimicrobial peptides as anticancer agents: functional properties and biological activities. Molecules 25:2850. doi: 10.3390/molecules25122850 
	 Wright, G. D. (2019). Unlocking the potential of natural products in drug discovery. Microb. Biotechnol. 12, 55–57. doi: 10.1111/1751-7915.13351 
	 Yarza, P., Yilmaz, P., Pruesse, E., Glöckner, F. O., Ludwig, W., Schleifer, K. H., et al. (2014). Uniting the classification of cultured and uncultured bacteria and archaea using 16S rRNA gene sequences. Nat. Rev. Microbiol. 12, 635–645. doi: 10.1038/nrmicro3330 
	 Yin, P., Wang, Y. H., Zhang, S. L., Chu, J., Zhuang, Y. P., Wang, M. L., et al. (2008). Isolation of soluble proteins from an industrial strain Streptomyces avermitilis in complex culture medium for two-dimensional gel electrophoresis. J. Microbiol. Methods 73, 105–110. doi: 10.1016/j.mimet.2008.02.012 
	 Yu, Y., Wang, Z., Xiong, D., Zhou, L., Kong, F., and Wang, Q. (2024). New secondary metabolites of mangrove-associated strains. Mar. Drugs 22:372. doi: 10.3390/md22080372 
	 Zasloff, M. (2002). Antimicrobial peptides of multicellular organisms. Nature 415, 389–395. doi: 10.1038/415389a 


Copyright
 © 2025 Karthik, Krishnappa, Ishwara Kalyani, D, H, KM, Thakur, Al-Shuraym, Alkeridis, Aharthy, Alhelaify and Mushtaq. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/xhtml/Nav.xhtml




Contents





		Cover



		Isolation and characterization of Boudabousia marimammalium from a mangrove habitat: identification of dual-function antimicrobial and anticancer peptides



		Introduction



		Materials and methods



		Soil sample collection sites



		Extraction of bioactive peptides from an actinomycete isolate



		Antimicrobial activity



		Protein purification and characterization









		Results



		Molecular sequencing of actinomycete isolates



		Protein extraction and purification



		Antimicrobial and anticancer activity



		LC–MS analysis/peptide characterization









		Discussion



		Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher’s note



		References



















OPS/images/cover.jpg
’ frontiers | Frontiers in Microbiology

Isolation and characterization of
Boudabousia marimammalium
from a mangrove habitat:
identification of dual-function
antimicrobial and anticancer
peptides












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
’ frontiers Frontiersin Microbiology






OPS/images/fmicb-16-1574859-g005.jpg
Absorbance 280nm

1.5

0.5

0.0

50 100

Fraction number

150





OPS/images/fmicb-16-1574859-g006.jpg
s23

H
8
51
1

Test cultures






OPS/images/fmicb-16-1574859-g003.jpg
Ladder S23 Ladder S23






OPS/images/fmicb-16-1574859-g004.jpg
— @53

—— Boodsbousia marmmammaken MN022528

— Boodsbousia marimammalen NR 025395

—— Acticarces sp. 234060

Acinoeyees sp. MT444113

(— Bondabousia Eubingyangi NR 156957

\—— Boodahoosia lubingyangt KY268291

e Boodahousis tangfefans KY039943

—— Actiscennces sp. fedne oral tavon 321 KM461981

L Acticemces sp. canine oeal tavon 252 INT13416.

2

— Padjensecia bongkongeasis KU726686

'—— Padjensesia bongkongensis NR 025200

Acnoar ‘Dacterie MGS17431

Acticapees sp. NB1S KT4527

Actnoaryces sp. $5-BM9 IX262686

— Actocesces p. 89 PR-21 KF007181

L— Actcences sp. SYHS-9 KFO0T169

Acticesyees sp. $8 8620 KC999378





OPS/images/fmicb-16-1574859-g007.jpg
(%)






OPS/images/fmicb-16-1574859-g008.jpg
[N

SR ¥

:zi:”\""s\"’é)‘





OPS/images/fmicb-16-1574859-g001.jpg





OPS/images/fmicb-16-1574859-g002.jpg





