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Abstract:  

Introduction:Due to the various opportunities as novel physiologically active bio compounds, marine 

microorganisms have drawn much attention lately. They can offer a variety of uses in many industries 

like pharmaceuticals, food and detergents. It is now of growing interest in the dental and medical 

spectrum too. Marine bacteria can be used to combat the growing trend of antibiotic resistance. In this 

study the isolation and extraction of secondary metabolites of marine Actinomadura species and its 

use against oral pathogens. Materials and methods: Samples were collected followed by the 

identification and spore chain formation. The secondary metabolites were isolated and tested at 

concentrations of 100, 200, 300, 400, 500µg/ml of Streptococcus mutans, Klebsiella pneumonia, 

Staphylococcus aureus and P. aeroginosa with tetracycline as the control. Results: The extrcation of 

secondary metabolites and their antimicrobial potential was observed from the different oral pathogens 

and the zone of inhibition. Conclusion: Isolated samples of Actinomadura species shows effective 

results at various concentrations. 

 

Introduction 

Researchers have recently paid a lot of attention to 

marine microorganisms as potential sources of novel 

physiologically active compounds. This is because 

marine microorganisms live in such a wide range of 

environments and because we don't understand them 

well enough(1)]. Numerous marine bacteria are of 

significant biotechnological interest, such as those used 

in bioremediation, the creation of biosurfactants, and the 

biochemistry of "psychrophilic" enzymes produced by 

microbes suited to low temperatures(2) .These 

compounds offer great promise for biotechnological uses 

in the detergent and food industries, as well as in the 

manufacture of chemical reagents and 

pharmaceuticals.(3) Additionally, a significant number 

of fresh antibiotics derived from marine bacteria have 

been discovered. Marine bacteria in antibiotics can prove 

to be a breakthrough in developing countries especially 

where the unsolicited prescription has led to 

development of the multi-drug resistant bacteria 

strains(4). Actinomycetes are considered to be the most 

significant category of microbes in the field of 

biotechnology because they create bioactive secondary 

metabolites that have uses in agriculture, industry, and 

medicine(4,5). Less than 1% of the actinomycetes have, 

however, so far been identified, studied, and recorded(6). 
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Out of the 500,000 natural chemicals identified from 

biological sources worldwide, about 70,000 are 

generated from microorganisms (including bacteria and 

fungi), with actinomycetes accounting for 29% of 

them(6). Rare actinomycetes that are produced from the 

sea are thought to be a potentially abundant source of 

different chemicals, secondary metabolites with unique 

structural characteristics, and novel medicinal 

molecules(7)]. By 1970, there were only 11 unique 

actinomycetes genera known, then 100 genera by 2005, 

and 220 genera by 2010(8) . Our understanding has 

grown as a result of the use of high-throughput 

metagenome sequencing techniques, which have also 

identified numerous novel actinomycetes that have not 

yet been identified in cultivation experiments(8,9) . In 

traditional cultivation trials, the recovery of unusual 

actinomycetes is typically lower than that of the 

streptomycete strains(9)]. However, recent advances in 

our comprehension of the physiological, chemical, and 

structural characteristics of marine actinomycetes have 

made it possible to construct selective isolation 

mediums(10). This study was hence conducted to 

ascertain the use after the isolation and extraction of 

secondary metabolites from the marine Actinomadura 

species against oral pathogens after the isolation and 

extraction. 

 

Materials and Methods 

Collection of sediment samples and isolation of 

Actinomadura sp 

The sediment samples in marine environment were 

collected from east coasts region of Chennai. The 

samples was dried inside a laminar air flow for about 10 

hrs and kept in a petri dish for 20 days which was further 

used for isolation of Actinomadura sp. The 

Actinomycetes Isolation Agar (AIA) media with 100% 

sea water, 25% sediment extract was innoculated for the 

isolation of actinomycetes. Plates were incubated at 28°C 

for 12-14 days. Then the isolated Actinomadura sp was 

sub-cultured and the slant culture was been stored at 4°C. 

And 20% glycerol stock was maintained at -80 °C(11). 

Spore chain morphology and identification of 

Actinomadura sp.  

The morphology and biochemical characterization of the 

potential isolate was recorded. By using light 

microscope, the spore chain that is composed of hyphae 

which bears spores in them with aerial and substrate 

mycelium of the strain(12)(13).  

Extraction of secondary metabolites: 

The isolated bacterium spores were inoculated in 1000 

ml Erlenmeyer flasks having 200 ml of Yeast-malt broth. 

The inoculated broth was incubated for 5-7 days in an 

orbital incubator shaker at 200 rpm at room temperature. 

The culture broth was then centrifuged at 10000 rpm for 

10 minutes and the supernatant and mycelium was been 

separated. the supernatant  was added equal volume of 

ethyl acetate in a separating funnel and shaken well. The 

layer of organic metabolites was extracted and the excess 

solvent was evaporated. And further it was lyophilized 

(14),(13). 

Bacterial Suspension: 

The pathogenic bacteria such as Streptococcus mutans, 

Klebsiella pneumonia, Staphylococcus aureus and P. 

aeroginosa was collected from the Department of 

Microbiology, Saveetha Medical College and Hospital, 

Tamilnadu. These pathogens were inoculated in a Muller 

Hinton broth for 24 hr at 28ºC. The optical density of 

bacterial culture was measured at 600 nm and the 

pathogens were loaded 1ml over a agar plate (Muller 

Hinton) with 24hrs of incubated at room temperature for 

24hrs. 

Antibacterial Activity: 

The antibacterial assay was performed by disc diffusion 

method. Whatman filter paper discs (6mm) were 

impregnated with 5 different concentrations (100, 200, 

300, 400, 500µg/ml) of secondary metabolites and the 

Tetracycline antibiotic was used as standard drug. These 

agar plates were incubated at ambient temperature for 24 

hrs and the zone of inhibition around the discs were 

evaluated. The results were exhibited from an average of 

three with standard deviation ((15)). 

 

Results 

Identification of marine actinobacterium of 

Actinomadura sp.: 

 The conventional identification of marine 

Actinomadura sp was done using different techniques. 

The cell wall amino acids, cell wall sugar and cell wall 

type were confirmed as the Actinomadura species 

(Table-1). The colour of mycelium was whitish gray 

(Fig.1) and Melanoid pigment was absent; however, the 

reverse side pigment was present. The spore chain 

morphology was hook spiral type (Table-2). The other 

biochemical characteristic and assimilation of carbon 

source of Arabinose, Xylose, Fructose, Sucrose, 

Raffinose and Inositol presence/absence was also 
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observed (Table-2). The extraction of secondary 

metabolites and their antimicrobial potential was 

observed from the different oral pathogens and the zone 

of inhibition was mentioned in the Table-3. The 

tetracycline was used as a standard and standard 

deviation was also analyzed. 

Fig.1 marine Actinomadura sp 

Table-1: conventional identification of marine actinobacterium 

Cell wall amino acids                  Cell wall sugar Cell wall type & 

Index 

LL-DAP MesoDAP Glycine Arabinos

e 

Maduros

e 

  

- + - - + III B& Actinomadura 

 

Table-2 Biochemical characteristic of marine Actinomadura sp 

Color of aerial mycelium Whitish gray 

Melanoid pigment - 

Reverse side pigment + 

Soluble pigment - 

Spore chain Hook spiral 

Assimilation of carbon source 

Arabinose + 

Xylose ± 

Inositol - 

Mannitol - 

Fructose ± 

Rhamnose + 

Sucrose - 

Raffinose ± 

Table-3: Antimicrobial activity against different human pathogens 

  

Con  

µg/ml 

K. 

pneumonia

e Std. 

S. 

aureus Std.  

P. 

aeroginos

a Std. 

S. 

mutans 

Std. MRSA Std. 

100 11±2.3 

15±2.

5 7±2.4 12±2.5 9±2.3 14±2.5 6±2.2 11±2.5 5±2.5 13±2.5 

http://www.jchr.org/
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200 14±2.6 

18±2.

7 11±2.7 17±2.7 14±2.1 21±2.7 12±2.5 16±2.7 9±2.1 18±2.7 

300 19±2.1 

24±2.

5 15±2.4 25±2.5 18±2.4 29±2.5 16±2.1 20±2.5 12±2.5 22±2.5 

400 23±2.2 

29±2.

4 19±2.3 29±2.4 23±2.2 34±2.4 21±2.6 24±2.4 15±2.2 26±2.4 

500 28±2.4 

32±2.

6 21±2.4 33±2.6 28±2.4 38±2.6 24±2.2 29±2.6 19±2.7 30±2.6 

 

Discussion 

Various metabolite compounds produced by 

actinobacteria play important functions in their 

diversified and intricate microenvironments. Natural 

products—also referred to as secondary metabolites—

are beneficial substances created by bacteria. Normally, 

these are not required for the growth of natural cells, but 

they nonetheless benefit the cells in other ways(16). The 

compounds that are produced during or just before the 

stationary stage of an organism's development are known 

as secondary metabolites(11). They are crucial for 

nutrition and health, and as a result, they have economic 

significance(17). Actinobacteria are among the makers 

of secondary metabolites and are highly valued in both 

science and business. It may create secondary 

metabolites with considerable efficiency, including 

immunomodulators(18), antibiotics(19), anti-cancer 

medications and, growth factors(20)(21). 

For the development of marine drugs, marine 

actinobacteria are a rich source of various bioactive 

substances with biological applications. Nearly 30 

actinomycetes strains were identified and isolated from 

different Streptomyces families. All of the selected 

strains of Streptomyces that have been shown to have 

effective antibacterial action against the multidrug-

resistant bacteria include M93, W108, W38, M72, M71, 

and M1 (MDRB)(22). It has been observed that marine 

Actinobacteria produce antitumor chemicals.  

Additionally, marine Actinobacteria have been linked to 

bioactive substances with antimalarial activity(22–24). 

Furthermore, 84 Actinobacteria were isolated from 

freshwater sediments and classified into the common 

genus Streptomyces as well as eight uncommon genera 

such as Micrococcus, Kocuria, Nocardiopsis, 

Promicromonospora, Saccharopolyspora, 

Amycolatopsis, Prauserella, and Rhodococcus. All 

strains inhibited yeast pathogens, Gram-negative 

bacteria, and Gram-positive bacteria significantly(25). 

Yücel and Yamaç(26) demonstrated that extracts from 

Streptomyces sp. 1492 have antibacterial activity against 

MRSA, VRE, and Acinetobacter baumanii with MICs 

and MBCs of 125 g/mL and 250 to 1000 g/mL, 

respectively. Atrop-abyssomicin C and proximicins A, 

B, and C were identified by Goodfellow and Fiedler(27) 

from Verrucosispora sp. strains obtained from the 

sediment of the Japan Sea. When tetrahydrofolate is 

synthesised by Gram-positive bacteria that contain 

methicillin-resistant Staphylococcus aureus, it prevents 

the creation of p-aminobenzoate (MRSA)(13). 

According to Sajid et al(28), the Streptomyces 

malachitofuscus shows anti-fungal effects against 

Candida albicans and Mucor miehei. Actinobacterial 

substances having anti-MRSA activity number 124. 

Actinobacteria produced a number of bioactive 

pharmaceutical compounds that were discovered to be 

efficient against drug-resistant bacterial pathogen strains 

such Methicillin-resistant Staphylococcus aureus 

(MRSA) and Vancomycin-resistant Enterococcus 

(VRE)(29). According to Castillo et al., Kakadumycin A 

was isolated from Streptomyces sp. NRRL 30566 

suppressed the growth of MRSA American Type Culture 

Collection (ATCC) 33591 at a concentration of 0.5 g/mL 

compared to the concentration of vancomycin at 2.0 

g/mL(30). Nomimicin, a recently identified 

spirotetronate antibiotic of polyketide origin, was 

isolated from an Actinomadura sp. TP-A0878 culture 

extract and the compound shown antibacterial effects on 

M. luteus and C. albicans. This could also prove to be 

highly effective against oral microbes in the dental 

spectrum(31)(32). From the tests that were conducted 

from the isolated secondary metabolites, the most 

efficacies was showed against S. mutans when compared 

to tetracycline. The values obtained were were closed to 

those displayed by tetracycline which could be used 
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against the organism related diseases(12). The secondary 

metabolites produced by the Actinomadura also showed 

good results when they tested against Klebsiella 

pneumoniae, MRSA and P. aeroginosa at all the varying 

concentrations.  

 

Conclusion 

This study could show that the isolated secondary 

metabolites from the Actinomadura sp. proved to be 

effective against the commonly seen bacteria in the oral 

cavity. The results show that in the future this could be a 

useful development in the treatment of diseases which 

are caused by these bacteria. The formulation of specific 

antibiotics against these oral microbes would also be 

beneficial through local drug delivery methods. There is 

great scope for research in the future. 
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