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Introduction 
 

Bacteria are microscopic, single-celled organisms 

capable of thriving in various environments, including 

soil, aquatic ecosystems, and the human gut. One 

prominent feature of many bacterial species is their 

ability to form biofilms, which are complex, multicellular 

structures held together by self-produced extracellular 

matrices. The formation of biofilms involves diverse 

mechanisms that depend on environmental conditions 

and specific strain characteristics (Branda et al., 2005). 

In biofilms, bacterial cells aggregate into multicellular 

clusters, exhibiting cell-to-cell contact. This can occur in 

surface-attached biofilms, where only a single layer 
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This research highlights the untapped potential of marine sediment-derived Streptomyces 

sp. as a prolific source of novel secondary metabolites exhibiting remarkable antibacterial 

and biofilm-inhibiting activities. Recognizing the rich biodiversity of marine sediments, 

samples were serially diluted and cultured using SCA media. After 14 days of incubation at 

28ºC, distinct colonies characteristic of Streptomyces sp. was isolated for further study. 

Secondary metabolites were extracted using methanol and subsequently analyzed through 

16S rDNA sequencing, FTIR, and GC-MS techniques. The sequencing provided insights 

into phylogenetic relationships, while FTIR identified key chemical bonding structures in 

the extracts. GC-MS analysis unveiled various volatile compounds, corroborating the 

bioactive potential. Antibacterial assays revealed significant zones of inhibition, confirming 

the efficacy of the extracts, and antibiofilm assays demonstrated notable inhibition 

percentages. These findings underscore the promising industrial applications of 

Streptomyces sp. from marine sediments, paving the way for future exploration and 

development of these novel secondary metabolites. 
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contacts the substrate, or in flocs, which are free-floating 

aggregates that do not adhere to surfaces. The transition 

from a free-swimming unicellular state to a sessile 

multicellular state in biofilm formation is a crucial 

process, leading to organized communities and cell 

differentiation. Within biofilms, populations can exhibit 

phenotypic heterogeneity, resulting in varied expression 

of surface molecules, antibiotic resistance, nutrient 

utilization, and virulence factors. This structure not only 

provides a nutrient source but also offers protection 

against host immune responses, contributing to antibiotic 

resistance. Biofilms can develop on various surfaces, 

including plant and animal tissues and medical devices 

like catheters and prosthetic joints, and play a significant 

role in the life cycle of numerous pathogens (Luanne 

Hall Stoodley and Paul Stoodely, 2009). 

Biotechnological applications of biofilms include their 

use in drinking water filtration, wastewater treatment, 

and biocatalysis in the production of chemicals and 

biofuels. Thus, extended-spectrum β-lactamases (ESBLs) 

are key contributors to biofilm formation by certain 

bacteria. 

 

Extended-spectrum β-lactamases (ESBLs) are enzymes 

produced by specific Gram-negative bacteria that confer 

resistance to commonly used antibiotics, such as 

penicillins and cephalosporins. ESBL-producing 

pathogens have emerged globally as significant causes of 

both nosocomial and community-acquired infections. 

These enzymes typically arise from mutations in the 

TEM-1, TEM-2, or SHV1 genes, primarily found within 

the Enterobacteriaceae family. While Klebsiella species 

and Escherichia coli are the most commonly associated 

with ESBLs, other genera, including Citrobacter, 

Serratia, Proteus, Salmonella, and Enterobacter, have 

also been implicated. ESBLs can hydrolyze third-

generation cephalosporins and aztreonam but are 

inhibited by clavulanic acid, a β-lactam drug that serves 

as a β-lactamase inhibitor. Although ineffective alone, 

clavulanic acid can restore the efficacy of β-lactam 

antibiotics against β-lactamase-producing microbes 

(Murugan rajalaxmi et al., 2016). 

 

The primary ESBL-producing Enterobacteriaceae include 

E. coli and Klebsiella pneumoniae. E. coli is responsible 

for an estimated 130-175 million urinary tract infections 

globally and approximately 127,500 cases of sepsis 

annually in the United States, leading to significant 

morbidity and healthcare costs. Notable bacterial species 

known for ESBL production include Escherichia coli, 

Klebsiella pneumoniae, Pseudomonas aeruginosa, 

Klebsiella oxytoca, Proteus mirabilis, Enterobacter 

aerogenes, and Enterobacter cloacae (Flemming et al., 

2016). E. coli, a Gram-negative rod in the 

Enterobacteriaceae family, is typically found in the 

intestinal tract, with pathogenic strains distinguished by 

various virulence factors, such as exotoxins. Pathogenic 

E. coli can be classified into six pathotypes associated 

with gastrointestinal disease: enteropathogenic (EPEC), 

enterotoxigenic (ETEC), enteroaggregative (EAEC), 

enteroinvasive (EIEC), diffusely adherent (DAEC), and 

enterohemorrhagic (EHEC). Some consider 

verotoxigenic E. coli (VTEC) a distinct pathotype, with 

EHEC as a subset. Many virulence factors of E. coli are 

encoded on mobile elements, enabling transfer between 

organisms. 

 

Actinomycetes are a distinct group of Gram-positive 

bacteria characterized by high guanine + cytosine content 

(over 55%) in their DNA. Known for their filamentous 

structure and branching patterns, actinomycetes 

contribute to the earthy smell of soil. They produce two 

types of mycelium: substrate mycelium and aerial 

mycelium. Marine sediments represent a valuable 

resource for isolating and identifying therapeutically 

significant microorganisms, with marine actinomycetes 

recognized as promising sources of novel compounds, 

including antibiotics and enzymes.  

 

Marine actinomycetes, particularly from the 

Streptomyces genus, are notable for their ability to 

produce bioactive metabolites and have been linked to 

anti-biofilm activity against various pathogens 

(Meckenstock et al., 2015; Halan et al., 2012; Bagge et 

al., 2004). 

 

Streptomyces, a major genus within actinomycetes, plays 

a vital role in producing many natural bioactive 

compounds. Approximately 75% of commercially used 

antibiotics are derived from Streptomyces species. These 

organisms are classified as Biosafety Level 1 (BSL-1) 

and are not known to consistently cause disease in 

healthy humans.  

 

The genomic capacity of Streptomyces allows individual 

strains to synthesize numerous secondary metabolites 

(Bradford, 2001; Philippon et al., 1989). The urgent need 

for new therapeutic agents to combat multidrug-resistant 

bacteria highlights the potential of Streptomyces, 

particularly from unexplored environments like deep-sea 

and extreme habitats, to yield novel antibiotics, including 

alkaloids and macrolides. This study focuses on 
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investigating the antibacterial and anti-biofilm activities 

of marine actinomycetes against ESBL-producing 

pathogens (Bajpai et al., 2017). 

 

Many bacteria are pathogenic, with some being lethal. A 

common characteristic of bacteria is biofilm formation, 

wherein aggregates of bacterial cells are embedded 

within extracellular matrices they produce. This 

structural feature enhances their survival compared to 

free-living counterparts. In biofilms, limited nutrient 

penetration often leads to generalized resistance or 

tolerance to antibiotics, making biofilm formation a 

primary cause of chronic infections. Understanding the 

mechanisms of pathogenic bacteria is crucial for 

addressing their persistence in the host immune system. 

β-Lactam antibiotics face resistance from β-lactamase 

enzymes (Bradford, 2001; David and Paterson, 2006; 

Micah D. Shepherd et al., 2010; James R. Johnson et al., 

2003). Recently, the prevalence of ESBLs, which can 

hydrolyze penicillins and cephalosporins, has risen, 

primarily in Klebsiella and E. coli, along with other 

Enterobacteriaceae. These enzymes are derivatives of 

TEM or SHV types, with over 90 TEM-type and more 

than 25 SHV-type β-lactamases identified. Phenotypic 

expression methods have been employed to detect 

ESBLs in bacterial isolates. The limited therapeutic 

options for treating ESBL infections present significant 

challenges for microbiologists and clinicians as we 

advance further into the 21st century (Renu Solanki et 

al., 2009). Resistance mechanisms developed by these 

organisms reduce treatment options for ESBL-producing 

infections. Actinomycetes, a critical group within the 

Actinobacteriaceae family, are known for their capacity 

to produce secondary metabolites with significant 

therapeutic potential. Notable genera include 

Streptomyces, Saccharopolyspora, Amycolatopsis, 

Micromonospora, and Actinoplanes, all of which produce 

bioactive compounds with antibacterial, antifungal, 

antitumor, and anti-biofilm properties. Marine 

actinomycetes, isolated from unique habitats, represent a 

promising source for discovering new drugs targeting 

infections and other diseases (Bérdy J. J Antibiot, 2005; 

Titra kumala Dewi et al., 2017). 

 

Microbial secondary metabolites have garnered 

significant attention in healthcare due to their novel 

properties. Advances in metabolic engineering and 

industrial biotechnology enhance biomass production 

beyond traditional methods. Marine microorganisms, 

adapted to extreme environments, exhibit unique 

metabolic and physiological capabilities, leading to the 

production of metabolites that terrestrial microbes cannot 

produce. With rising drug-resistant infections causing 

substantial mortality rates, there is an urgent need to 

discover new bioactive compounds with effective 

mechanisms of action (Ward and Bora, 2006). While 

many strains of E. coli are harmless and part of the 

normal intestinal flora, certain pathogenic strains pose 

significant health risks. The pathogenicity of E. coli 

depends on its virulence factors, categorized into six 

pathotypes capable of causing gastrointestinal disease 

and other infections: enteropathogenic E. coli (EPEC), 

enterotoxigenic E. coli (ETEC), enteroaggregative E. coli 

(EAEC), enteroinvasive E. coli (EIEC), 

enterohemorrhagic E. coli (EHEC), and verotoxigenic E. 

coli (VTEC). These pathotypes can lead to diarrhea, 

dysentery, urinary tract infections, and meningitis.  

 

The virulence factors of E. coli can disrupt various 

eukaryotic cellular processes, affecting cell signaling, ion 

secretion, protein synthesis, and mitochondrial function 

(Hong et al., 2009). Biofilms, aggregates of bacterial 

cells held together by extracellular polymeric substances 

(EPS), complicate infections caused by E. coli. Their 

formation on surfaces such as catheters and prostheses 

lead to persistent, antibiotic-resistant infections. 

Understanding the mechanisms underlying biofilm 

formation and the interactions between bacteria is crucial 

for developing effective treatment strategies (Costello 

and Chaudhary, 2017; Blunt et al., 2014; Masayuki 

takizawa et al., 1993; Goodfellow and O'Donnell, 1989). 

This study aims to investigate the anti-biofilm activity of 

marine actinomycetes against ESBL-producing 

pathogens, with objectives including the collection of 

marine sediment from the eastern coastal region, 

cultivation of actinomycete colonies, extraction of 

secondary metabolites, and analysis of their antibacterial 

and anti-biofilm properties. 

 

Materials and Methods 
 

Sample Collection 
 

The sample was collected from the sea shore region of 

Akkarai beach, Chennai, Tamil Nadu. The soil sediment 

was taken at a distance of 3 to 10m from the sea shore. 

The sample was collected along with sea water in a 

polythene cover and transferred to the lab. The soil 

sediment was separated from sea water using Hoffmann 

filter paper and the collected sediment was dried at 27
0 

C 

for 24 hours. This was performed to eliminate the growth 

of any other bacterial flora. 
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Pretreatment of Collected Sample 
 

The collected sample was for pre-treated to eliminate the 

presence any contamination. The sample was spread in a 

paper and air dried at first for 45 minutes. After air 

drying the setup as subjected to heat treatment at 30ºC 

for 1 hr. This was done to eliminate any viable 

contamination present in the collected sample (Singh et 

al., 2016). 

 

Serial Dilution  
 

1 g of soil sample was separately added to a test tube 

containing 9 ml distilled water and shaken vigorously at 

room temperature (25 ± 2°C), using an orbital shaker at 

200 rpm for 10 min. The test tubes were considered as 

stock culture for the soil sample. Aseptically, 1 ml 

aliquot from the stock solution was transferred to a test 

tube containing 9 ml of distilled water and was mixed 

well. From these test tubes, 1 ml of aliquot was again 

transferred and mixed with another 9 ml of distilled 

water to make 10
-6

 dilution factor. Similarly, dilutions up 

to 10
-6

 were made using serial dilution technique for the 

sample (Singh et al., 2016). 

 

Media Preparation 
 

Starch casein agar media as used to grow actinomycetes 

pure culture. (G/L: Starch–10 grams, Casein-0.3 

grams,KNO3-2 grams, Nacl-2grams, K2HPO4-2grams, 

MgSO4.7H2O-0.05grams, CaCo3-0.02 grams, 

FeSO4.7H2O-0.01 grams, and Agar 18 grams) 

(Periyasamy Sivalingam et al., 2019). The composition 

of media was for 250 ml of distilled water is (Starch–10 

grams, Casein-0.3 grms, KNO3-2 grams, Nacl-2 grams, 

K2HPO4-2 grams, MgSO4.7H2O-0.05 grams, CaCo3-

0.02 grams, FeSO4.7H2O-0.01 grams, and Agar 18 

grams). The media components were transferred to 

conical flask after weighing, and 250 mL of distilled 

water was added and was sterilized at 121
0
C for 20 

minutes. After sterilization the media was allowed to 

cooldown for 2 minutes. Then transferred to the petri 

plates to solidify. 

 

Isolation of Marine Sediments  
 

Preparation of Mother Culture 
 

After solidification of media, 1 mL of the serially diluted 

sample (10
-6

) was transferred to the media containing 

petri plate and was spread using a sterile L-rod. Then the 

media plate was incubated at 28
0
C in dark conditions for 

7 days until colonies of pure culture were marked. The 

media was composed of several colonies co existing 

together. 

 

Sub Culture 
 

The colonies were identified by their rough, opaque, and 

non spreading morphology and by their adherence to the 

SCA media. The identical colony of the Streptomyces sp. 

was sub cultured from the mother culture. Sub culturing 

was performed using a inoculation loop and following 

streak plate method.  

 

The identical colonies were scored out from the mother 

culture and was streaked in the petri plates containing 20 

ml of SCA media. After streaking, the petri plates were 

incubated at 28
0
C for one week. Single colonies were 

found embedded along the streaked pattern in the media. 

Then, the media plate with no contamination was 

selected for further studies.  

 

Extraction of Secondary Metabolites 
 

The culture media showing no contamination was taken 

and cut into small pieces using a sterile scalpel. This 

piece of media was transferred to an Erylenmeyer flask. 

200 ml of methanol was added to the flask to keep the 

media pieces submerged in it.  

 

This setup was placed in a shaker at 120 rpm for 72 hrs at 

room temperature. The setup was then recovered from 

the shaker and was filtered using a Whatmann filter 

paper. The filtered methanol contains all the novel 

components present in the culture medium. This 

extracted secondary metabolites was subjected for 

characterization and further studies. 

 

Characterisation Studies 
 

Gram’s Staining 
 

Crystal violet, gram’s iodine, 95% ethyl alcohol and 

safranin were used in Gram staining. Aseptically, the 

isolated Actinomycetes were separately placed on glass 

slides using a wire loop. Crystal violet was added on the 

slides and allowed to stand for 1 min. The excess stain 

was drained off using running tap water. Following this, 

Gram’s iodine was added and the preparation allowed to 
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stand for another 1 min. The excess Gram’s iodine was 

removed using tap water. Ethyl alcohol was added 

dropwise and later washed with running water. Safranin 

was added as a counter stain for 45 s before observation 

of the culture under the microscope (Castillo et al., 2002; 

Hopwood, 2007; Avilala Janardhan et al., 2014). The 

slide was stained in purple color indicating the presence 

of Streptomyces species. 

 

16S rDNA Sequencing 
 

The genomic DNA of the cultured isolate was isolated by 

phenol:chloroform method and was subjected to PCR 

amplification with 16S rDNA universal primers (27F and 

1492R). The obtained product was then labeled using 

fluorescent primers, and the fluorescent-labeled PCR 

products was sequenced using Sanger Sequencing 

technology. The obtained sequence was searched in the 

NCBI database for similarity using BLAST search. The 

CLUSTAL OMEGA software was used to construct the 

phylogenetic tree of the sequence, using neighbor-joining 

method (Katarzyna Jakubiec-Krzesniak et al., 2018). 

 

GC-MS Analysis 
 

Identification of the chemical compounds present in the 

crude extract was carried out by GC-MS. GC-MS 

Analysis was executed using GCMS-QP2010 Plus and 

was prepared with fused silica capillary column. Helium 

gas was used as the carrier gas with a flow rate of 

0.95mL/min with split ratio 15.0. The injector 

temperature was 280
º 

C and the ion source temperature 

was 250
º 
C. The mass spectra were taken at 1.05 kV with 

the interval time of 0.30. The overall run time of sample 

was up to 39 minutes (James B. Kaper et al., 2004). 

 

FTIR Analysis 

 
FTIR technique helps in identifying the molecular 

structure or chemical bonding between the sample 

(organic or inorganic). This technique measures the 

absorption of infrared radiation by the sample material 

versus wavelength. When infra red radiation is passed 

through the sample some radiation is absorbed and some 

are transmitted. A detector is used to measure the 

intensity of the transmitted light as a function of 

wavelength. The signal obtained is an inferogram which 

was analyzed through a computer using Fourier 

transform algorithm to obtain a single-beam infrared 

spectrum (Costerton et al., 1999).  

Antibacterial Activity 
 

Antibacterial activity was assisted with the use of 

secondary metabolites. Well agar diffusion technique 

was performed. The nutrient agar media comprises of 

1.3g/100ml of nutrient broth and 2g/100ml of distilled 

water. This composition was followed to prepare media 

and autoclaved at 121ºC for 20 minutes and was 

transferred to a petri plate and allowed to solidify. After 

solidification 100µl of culture (E. coli) was spread over 

the media using a sterile swab. Wells were drilled using 

1ml micropipette tip. The secondary metabolites of the 

Streptomyces sp. were added into the wells in the 

concentration of 10, 20 and 30 microliters respectively 

and 20 µl methanol was added to the well which was 

allocated for control test. This setup as incubated at 37ºC 

for 24 hr (Paul N. Danese et al., 2000; Jaione Valle et al., 

2006; Charlop-Powers et al., 2014). 
 

Antibiofilm Activity 
 

The biofilm was made to grow in 12 well plates prior to 

test for antibiofilm activity. To the well plates 100 µL of 

nutrient broth was added in to each well allocated for 

biofilm formation. Microscopic slides were cut into small 

pieces which act as a platform for the biofilm to grow. 

20µL of the bacterial sample (E. coli) was added to the 

wells and incubated at 37ºC for 48 hrs. After the growth 

of biofilm was observed, the secondary metabolites were 

added to the well showing increased growth of biofilm 

rather than control and incubated at 37ºc for 24hrs. After 

incubation the supernatant was discarded and 1ml of 

2.5% glutaraldehyde was added to the wells and 

incubated for 1hr for the proper fixation. Crystal violet 

was assisted for staining the well plates. Finally, ethanol 

was used to destain the slides and was taken up for 

reading absorbance at 570nm by a microplate reader 

(Costerton et al., 1999).  
 

Percentage of biofilm inhibited can be calculated 

by the formula 
 

 
 

Results and Discussion 
 

Scanning Electron Microscopy (SEM) analysis of the 

isolated Streptomyces sp. Strain YS1 revealed distinct 
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morphological characteristics. The images showed well-

developed, filamentous structures typical of Streptomyces 

species, with a rough, textured surface indicative of 

mycelial growth. The filaments appeared branched, 

demonstrating the characteristic sporulation patterns 

associated with this genus. Notably, the SEM images 

displayed the presence of spore chains, further 

confirming the identity of the strain. The overall 

morphology suggests robust growth and potential for 

bioactive compound production. These findings 

contribute to the understanding of the structural features 

of Streptomyces sp. Strain YS1, highlighting its 

significance in future biotechnological applications. 

 

16S rDNA Sequencing 
 

The 16S rDNA sequencing of the isolated strain 

identified as Streptomyces sp. Strain YS1 yielded a total 

nucleotide sequence of 718 base pairs. The obtained 

sequence was assigned the accession number 

MN822687. Phylogenetic analysis based on the 

nucleotide sequence revealed significant similarities with 

closely related Streptomyces species, confirming the 

identity of the strain. This sequence provides a 

foundational reference for further studies on the 

microbial ecology and potential biotechnological 

applications of Streptomyces sp. Strain YS1. The data 

will facilitate future research in identifying novel 

bioactive compounds produced by this strain. 

 

Accession number: MN822687 

Name: Streptomyces sp. Strain YS1  

Total number of base pairs: 718 

 

FTIR Analysis 
 

The FTIR analysis of the sample revealed several 

characteristic peaks indicative of diverse functional 

groups. A peak at 1014 cm⁻¹ suggests the presence of 
secondary amines (C-N stretch), while a peak at 1112 

cm⁻¹ indicates primary amines. The 1409 cm⁻¹ peak 
corresponds to S=O stretching associated with sulfate 

groups, confirming sulfonic or sulfate moieties. 

Additionally, a 1450 cm⁻¹ peak reflects CH stretching 
typical of aliphatic hydrocarbons, and the 1639 cm⁻¹ peak 
indicates a C=C stretch, suggesting cyclic alkenes. A 

peak at 2157 cm⁻¹ confirms the presence of silane 
compounds (Si-H stretch), while the 2842 cm⁻¹ peak 
associated with carboxylic acids points to dimeric C=O 

stretching.  
 

Lastly, the peak at 3312 cm⁻¹ further supports the 
presence of secondary amines (NH stretch). Collectively, 

these findings highlight a rich array of functional groups 

that may contribute to the bioactive properties of the 

extracted metabolites. 
 

GC-MS Analysis 
 

The GC-MS analysis identified several compounds with 

notable bioactivities and potential applications. The first 

compound, 9-Octadecenoic acid (Z)-, 2,3-di, with a 

retention time of 16.336 min and a molecular formula of 

C21H40O4, exhibits antidiabetic and antifungal 

properties. Two isomers of Benzo(h)quinoline, 2,4-

dimethyl-, were detected at 17.083 min and 17.130 min, 

both sharing the molecular formula C15H13N and 

demonstrating significant antibacterial activity. Another 

compound, Cyclotrisiloxane, hexamethyl-, eluted at 

17.348 min with a molecular formula of C6H18O3Si3; 

this compound is widely used across various industries, 

including aviation, military, medicine, and 

petrochemicals. Finally, 1H-Indole, 2-methyl-3-phenyl-, 

observed at 17.537 min and possessing the molecular 

formula C15H13N, is noted for its anti-tumor properties. 

These findings highlight the diverse bioactive potential 

of the extracted compounds, suggesting their relevance in 

pharmaceutical and industrial applications. 
 

Antibiofilm Activity 
 

The antibiofilm activity of the extracts was assessed 

using varying concentrations: a control group without 

treatment, and three experimental groups treated with 25 

µL, 50 µL, and 75 µL of the extract.  

 

The control exhibited significant biofilm formation, 

confirming the baseline activity of the bacterial strain. In 

contrast, the 25 µL treatment showed a moderate 

reduction in biofilm density, while the 50 µL treatment 

resulted in a marked decrease, indicating enhanced 

antibiofilm efficacy.  

 

The 75 µL treatment demonstrated the most substantial 

inhibition, significantly reducing biofilm formation 

compared to the control. Quantitative analysis of biofilm 

density revealed a dose-dependent response, suggesting 

that higher concentrations of the extract effectively 

inhibit biofilm development. These results highlight the 

potential of the extract as an effective antibiofilm agent, 

particularly at higher concentrations. 
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Table.1 FTIR Spectral Data for Extracted Secondary Metabolites from Streptomyces sp. Strain YS1. 
 

PEAK CLASS STRUCTURE ASSIGNMENTS 

1014 Amines R2NH C-N Stretch 

1112 Amines RNH2 C-N Stretch 

1409 Misc S=O Sulfate S=O Sulfate 

1450 Alkanes RCH2CH3 CH stretch 

1639 Alkanes 3 Ring C=C Stretch 

2157 Misc Si-H Silane Si-H Silane 

2842 Carboxylic acid RCO-OH Dimer C=O 

3312 Amines R2NH NH stretch 

 

Table.2 Compounds Identified in Extracts from Streptomyces sp. Strain YS1 via GC-MS Analysis. 
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Figure.1 Soil sediment 
 

 
 

 

 

Figure.2 Sample serial dilution 
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Figure.3 Mother culture 
 

 
 

Figure.4 Streak plate image of single colonies. 
 

 
 

Figure.5 Scanning Electron Microscope of Streptomyces sp. 
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Figure.6 Nucleotide Sequence of 16S rRNA Gene from Streptomyces sp. Strain YS1  

(Accession Number: MN822687). 
 

 
 

 
The sequence consists of 718 base pairs and highlights key regions associated with phylogenetic analysis. 

Nucleotide positions are indicated along the left margin, and the corresponding sequence were displayed. 
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Figure.7 FTIR Spectrum of Extracted Secondary Metabolites from Streptomyces sp. Strain YS1. 
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The spectrum displays characteristic absorption peaks corresponding to various functional groups present in the extract. 

 

Figure.8 GC-MS Analysis of Extracted Compounds from Streptomyces sp. Strain YS1. 
 

 
The chromatogram displays the retention times and relative abundances of various bioactive compounds identified in the extract. 
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Figure.9 Antibiofilm Activity of Extracts from Streptomyces sp. Strain YS1 at Varied Concentrations 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This figure presents images of the crystal violet-stained microtiter plates used to assess biofilm formation 

across different extract concentrations: control (no treatment), 25 µL, 50 µL, and 75 µL. 
 

 

Figure.10 Visualization of Antibiofilm Activity via Staining Assay for Extracts from Streptomyces sp. Strain 

YS1. 
 

 
 

A). CONTROL B). TREATED 

The figure shows representative images of biofilm formation under different treatment conditions: 

control (untreated), and treatment 
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Figure.11 Percentage of Inhibition for Antibiofilm Activity 
 

 
X-Axis concentration of metabolites.Y-Axis percentage of inhibition. 

 

% Inhibition for Antibiofilm Activity 
 

The percentage of inhibition for antibiofilm activity was 

calculated across different treatment groups compared to 

the control. The 20µLconcentration demonstrated 45% 

inhibition, indicating full biofilm formation. The 40 µL 

treatment resulted in a 60% inhibition, reflecting a 

moderate reduction in biofilm density. The 60 µL 

treatment showed an increased inhibition rate of 70%, 

indicating a more pronounced antibiofilm effect. Finally, 

the 80 and 100 µL treatment achieved the decreasing 

level of inhibition at 40-50%, significantly reducing 

biofilm formation compared to the control. These 

findings illustrate a clear, dose-dependent response, 

suggesting that varied concentrations of the extract 

enhance its efficacy as an antibiofilm agent. 

 

As summarized of this study includes, Streptomyces sp is 

a major genus of actinomycetes in which novel 

secondary metabolites are present. Confirmatory tests 

were done using Gram’s and scanning electron 

microscope. Gram’s staining result showed purple color 

indicating the presence of gram-positive bacteria. The 

scanning electron microscope imaging was taken to 

identify the morphology. Due to the rough, opaque and 

embedment of the colonies to sac media the sample was 

confirmed to be Streptomyces sp. Streak plate method 

was followed to produce single colonies of Streptomyces 

sp. Secondary metabolites were extracted using 

methanol. This extracted metabolite was subjected to 

FTIR and GCMS Analysis. FTIR indicated the presence 

of several chemical bonds present within the culture such 

alkanes, amines, carboxylic, and miscellaneous groups. 

GCMS analysis was executed to identify the volatile 

compounds and its bioactivity. The peaks represent the 

action of volatile compounds present in the extract.16S 

rDNA sequencing was done to know the nucleotide 

sequence of the extract. The accession number obtained 

is MN822687. This nucleotide sequence was fed in 

BLAST software to identify the neighboring species 

which are closely related to each other. The extracted 

secondary metabolites were tested for antibacterial 

activity. Nutrient broth media was prepared and 

solidified in a petri plate. Well diffusion method was 

followed and extracted metabolites were added in the 

concentration of 10µl, 20µl, 30µl in the wells rather than 

the control well. 20 µl methanol was added to the well 

allocated for control. After incubation a clear zone of 

inhibition was observed indicating antibacterial activity. 

Antibiofilm activity was performed. Antibiofilm assay 

was performed and the percentage of inhibition was 

calculated. A graph was plotted on the basis of the 

concentration of extract used versus the rate of inhibition. 

At concentration of 60 µl the rate of inhibition is high 
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denoting that medium marginal value of concentration 

was required to show maximum rate of inhibition. 

 

In this study, marine sediment was selected as the 

suitable sample on the basis of the preceding literatures 

published. The marine soil is usually composed of 

numerous organisms that are capable of producing novel 

secondary metabolites that poses several characteristics 

such as antibacterial, antifungal, anti-tumor, 

immunosuppressant and many more other properties. The 

marine sediment was serially diluted up to 10
-6 

dilutions.1 ml of the serially diluted aliquot was used to 

prepare mother culture. SCA media was used for 

culturing the sample. Mother culture was prepared by 

performing spread plate method and incubated AT 28ºC 

for 14 days. Opaque, rough, leathery surface indicates the 

presence of Streptomyces sp. Further single colonies 

were produced using streak plate method. The selected 

strain from the mother culture was mounted on a 

inoculation loop and streaked in the media plate and was 

incubated at room temperature 4-7 days. After incubation 

the colony with no contamination was selected for 

secondary metabolites extraction. The media with colony 

was cut into small pieces and submerged in methanol and 

kept in shaker for 72 hrs at 100 rpm. The extracted 

secondary metabolites were subjected for 16S rDNA 

sequencing, FTIR and GCMS analysis. 16S rDNA 

sequencing was done to identify the nucleotide sequence 

and find the similarly related species. GC-MS was done 

to find the volatile compounds in the extract. FTIR was 

done to identify the chemical bonding in the sample. 

Antibacterial test was performed and a clear zone of 

inhibition was observed indicating antibacterial activity 

in the extracted secondary metabolites. Antibiofilm assay 

was performed and the percentage of inhibition was 

calculated. This indicates the presence of novel 

secondary metabolites in the Streptomyces sp. and can be 

further worked on to take it to the industrial level.  
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