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ABSTRACT 

Marine microbes are rich sources for various types of bioactive compounds. In the 

present study, the effective antagonistic bacterial strain KA2 was isolated from soil samples 

collected from the coastal region of Karaikal seashore. The isolated bacterial strain was 

genomically identified as Pseudomonas sp. The crude secondary metabolite extract (CSME) 

from the strain was extracted using ethanol and examined for its chemical composition. 

Further, the CSME was analyzed for their antibacterial and antioxidant activity. The 

anticancer activity of CSME of KA2 against human oral squamous carcinoma KB cell line 

was analyzed by MTT assay. The results showed that the CSME of KA2 exhibited effective 

antimicrobial activity against selected gram-positive and gram-negative bacterial pathogens. 

Further, showed effective DPPH radical scavenging activity in concentration established 

way. Moreover, the CSME of KA2 exhibited effective anticancer activity against both 

tested cancer cell lines with the IC50 value of 101.49±2.15 µg/mL. Therefore, the 

secondary metabolites of strain Pseudomonas sp KA2 could be used for effective 

antibacterial and anticancer treatment after the proper clinical and pharmacological trial. 
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INTRODUCTION 

The increasing number of 

infectious diseases is an emerging 

challenge in the modern world. Therefore, 

there is a need for finding new and 

effective drugs as an alternative for 

available drugs. The limited success of 

strategies such as combinatorial chemistry 

in providing new agents indicates an 

uncertain forecast for further 

antimicrobial therapy [1]. However, the 

majority of natural bioactive compounds 

has been isolated from terrestrial 

organisms, in the last few decades 

abundantbiologically active compounds 

have been isolated from marine bacteria. 

For the first time, in 1947, Rosenfeld and 

Zobell reported that marine bacteria 

produce antimicrobial substances [2]. 

Numerous biological compounds with 

varying types of biological action, such as 

antioxidant, anti-microbial, anti-cancer, 

anti-proliferative, cytotoxic compounds as 

well as antibiotic properties have been 

isolated from marine sources. The marine 

environment is an unexplored source for 

isolation of new microbes that are 

effective producers of biologically active 

secondary metabolites. 

Currently, various bioactive 

compounds from marine microorganisms 

have been reported, including active 

compound Pyron from Pseudomonas [3], 

Loloatin from Bacillus [4], Tiomarinol from 

Altromonas [5], Marinopyrroles from 

Streptomyces [6], Agrochelin from 

Agrobacterium [7], Koromicin from 

Pseudoalteromonas [8] and Pelagiomicin 

from Pelagiobacter variabilis [9] and so on. 

The present study was designed to isolate 

the antagonistic marine bacteria from soil 

samples collected from the seashore of 

Karaikal. And also, aimed to study the 

antibacterial and anticancer activity of 

secondary metabolites extracted from the 

isolated antagonistic bacterial strain.  

MATERIALS AND METHODS  

Sample collection  

The east coast marine region of 

Karaikal (10°55'05.4"N 79°51'12.8"E) in 

south Indian state of Tamil Nadu was 

selected as a sampling location for isolation 

of antagonistic bacteria. The soil sample 

was collected from seashore region of 

Karaikal (10°55'05.4"N 79°51'12.8"E), a 

town of the Indian Union Territory of 

Puducherry, India. Approximately 10 to 30 

g of soil samples were collected from the 

selected sampling location in sterile plastic 

bags in the depth of 5-10 cm using sterile 

steel cooper. The soil samples were sieved 

through a 0.5 mm sieve to remove stones 

and plant residues [10]. Sieved soil samples 

were immediately transferred into the 

laboratory and stored under refrigerator 

condition for further use.  
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Isolation of marine bacteria  

For the isolation of bacteria from 

collected soil samples, the dilution spread 

plate technique [11] was used. Soil sample 

weighing 1g was serially diluted in 10 ml 

of 50% seawater (1:1 v/v seawater (30 ppt): 

distilled water) up to 10-5 dilution. 0.1 mL 

of sample was from 10-5 dilution was 

transferred and spread on the Nutrient agar 

medium, and the plates were incubated. 

After incubation, plates were regularly 

examined to verify the growth of marine 

bacteria and the total number of bacterial 

colonies was counted by microbiological 

colony counter. The morphologically 

distinct colonies were selected, isolated and 

purified by standard microbiological 

plating and streaking methods. 

Accordingly, four morphologically distinct 

bacterial colonies were selected and 

purified. The purified bacterial isolates 

were subjected to microscopic analysis and 

deposited at the Microbiology Laboratory. 

Bacterial strains have been stored in test 

tubes containing NA slants. The 

subcultures were made every month. 

Collection of test bacterial pathogens 

A total of five human pathogenic 

bacterial cultures Escherichia coli (MTCC- 

1258), Klebsiella pneumoniae (MTCC- 

109), Staphylococcus aureus (MTCC- 

6908), Streptococcus pneumoniae (MTCC - 

5542), Staphylococcus epidermidis 

(MTCC- 2639) were obtained from the 

Microbial Type Culture Collection 

(MTCC), Chandigarh, India for the study. 

Screening for antagonistic activity  

The antagonistic activity of isolated 

bacterial was tested against selected 

bacterial pathogens by Cross streaking 

method (CSM) [12]. Muller-Hinton agar 

(MHM) plates were prepared and 

inoculated with test bacterial cultures was a 

streak in the full Petri dish and cross streak 

in the isolated marine bacteria after that 

incubated at 37°C for 24 hours. This was 

done to provide enough time for the active 

organism to produce the metabolites, which 

will diffuse into the agar medium [13]. 

Identification of potential antagonistic 

bacteria 

The genomic DNA of selected 

antagonistic bacteria KA2 was isolated 

using a total DNA extraction kit (OMEGA 

BioTek, Norcross, GA, USA) according to 

the manufacturer’s instructions. After 

genomic DNA isolation, the DNA was 

amplified at the 16S rRNA region using 

universal primers 27F (50- 

AGAGTTTGATCCTGGCTCAG-30) and 1492R 

(50- GGTTACCTTGTTACGACTT-30) using 

polymerase chain reaction (PCR). The 

obtained nucleotide sequences of the strain 

were deposited to GenBank (Ass.No: 

MW281765). Using the NCBI database, the 

nucleotide sequences of strain was 

compared with known sequences and the 
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phylogenic tree was created using a 

neighbour-joining algorithm (MEGA 6.0). 

Extraction of secondary metabolites 

The bacterial isolate KA2 was 

selected for further study. The inoculum 

of selected bacterial isolatewas prepared 

by transferring bacterial culture into a 

2000 mL conical flask containing 1000 

mL of Nutrient Broth medium containing 

optimized nutrient levels. Inoculated 

flasks were incubated on a shaker at 200 

rpm for 48 hours at 30⁰C temperature 

range. After incubation, the culture broth 

was centrifuged at 10,000 rpm for 20 

minutes, then the supernatant was 

separated carefully. Further, cold absolute 

ethanol was added to the supernatant in a 

ratio of 1∶3 (v/v) and kept at 4 °C for 24 

hours for precipitation of secondary 

metabolites. The precipitates were 

recovered by centrifugation and purified 

by washing with Mille Q water and 

secondary metabolites pellets were dried 

at 60 °C. 

Assessment of Chemical composition 

Phenolic Content Assay 

Total phenolic content of the CSME 

was measured using Folin–Ciocalteu 

reagent as described by [14] with minor 

changes. Briefly, extract solutions (10 

mg/ml; 5 μl) were mixed with 37.5 μl of 

Folin–Ciocalteu reagent and incubated at 

room temperature for 5 min. To the reaction 

mixture, 37.5 μl of 6% (w/v) sodium 

carbonate was added and further incubated 

at 25 °C for 90 min. Absorbance was 

measured at 725 nm using Nano-Drop 

2000C (Thermo Fischer Scientific). The 

total phenolic content was calculated 

against gallic acid (0.0–110 μg/ml) standard 

curve. 

Flavonoid Content Assay 

Total flavonoid content of the 

CSME was measured using aluminium 

chloride colourimetric method, as described 

earlier [15], with some modifications. 

Freshly prepared extract solutions (10 

mg/ml) were mixed with 10 μl of 10% 

aluminium chloride, 10 μl of 1M potassium 

acetate and 160 μl of deionized water, 

followed by incubation at room temperature 

for 30 min. Quercetin and DMSO were 

included as controls. The absorbance of the 

reaction mixture was determined at 405 nm 

using NanoDrop 2000C (Thermo Fischer 

Scientific). A calibration curve was plotted 

using quercetin as standard (at final 

concentrations 1.85–50 μg/ml). 

Assessment of Antibacterial activity 

In Disc-diffusion assay (Kirby-

Bauer Method), the test bacterial cultures 

were swabbed over the Muller Hinton agar. 

Then the discs loaded with different 

concentration of crude secondary 

metabolite extract (CSME) obtained from 

the antagonistic bacteria (100, 200, 300, 

400 µg) and positive control (Standard 
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antibiotic Erythromycin 20µg), and placed 

over the agar medium. All plates were 

incubated at 37 °C for 24 hours and 

examined for a zone of inhibition. The 

diameter of the growth inhibition was 

recordedby measuring the zone of 

inhibition. 

Determination of Minimal Inhibitory 

Concentration (MIC) 

The MIC of CSNE of KA2 strain 

was determined by two fold dilution 

method. Briefly, 100 µL Muller-Hinton 

broth (Himedia) and various concentrated 

bacterial metabolites were prepared and 

transferred to 90 well plates to obtain 

dilutions of the active extract from 43.7 to 

700 mg/ml. Then, 10 µL of the test 

organisms were added to the new culture 

(final concentration of 1 x 106 CFU / ml). 

The plates were incubated for 24 h at 37 

°C. The microbes were defined as the 

lowest concentration of the extract to 

control the visible growth of the tested 

organisms. 

Antioxidant activity  

DPPH free radical- scavenging activity 

The antioxidant activity of CSME 

of KA2 was determined by DPPH free 

radical assay. The DPPH radical 

scavenging activity was measured 

according to the method described by 

Brand-Williams et al., [16]. The sample 

was reacted with the stable DPPH radical in 

an ethanol solution. The reaction mixture is 

composed of adding 0.5 mL of sample, 3 

mL of absolute ethanol and 0.3 mL of 

DPPH radical solution 0.5 mM in 

methanol. DPPH reacts with an antioxidant 

compound the colour change will take 

place. The colour changes were perused 

[Absorbance (Abs)] at 517 nm. The blend 

of ethanol (3.3 mL) and sample (0.5 mL) 

serve as blank. The control solution of 

Ascorbic acid was put together by mixing 

ethanol (3.5 mL) and DPPH radical 

solution. The scavenging activity 

percentage (AA%) was calculated 

according to the following formula. 

𝑹𝒂𝒅𝒊𝒄𝒂𝒍 𝒔𝒄𝒂𝒗𝒆𝒏𝒈𝒊𝒏𝒈 𝒂𝒄𝒕𝒊𝒗𝒊𝒕𝒚 (𝑨𝑨%)  

=
𝑨𝒃𝒔 𝒄𝒐𝒏𝒕𝒓𝒐𝒍 − 𝑨𝒃𝒔 𝒔𝒂𝒎𝒑𝒍𝒆

𝑨𝒃𝒔 𝒄𝒐𝒏𝒕𝒓𝒐𝒍
× 𝟏𝟎𝟎 

Cancer cell culture  

The human oral squamous 

carcinoma KB cell cells were obtained 

from the National Centre For Cell Science 

(NCCS), Pune, India. Cells were cultured 

and maintained in DMEM and incubated 

at 37 °C in a 5% CO2 and 95% air 

incubation (humidified condition). Before 

treatment to the cells, the synthesized 

ZnO NPs completely dissolved in 

dimethyl sulfoxide (DMSO).  

Cytotoxicity of CSME of KA2 on KB 

The cytotoxicity of CSME of KA2 

on KB cells was evaluated by employing 

MTT assay. The KB cells (1×105) were 

seeded in 96 wells plate and grown for 24 

h at the humified incubator condition. 

After incubation, the cells were exposed 
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to different concentrations of CSME (50, 

60, 70, 80, 90, 100, 110, 120 and 130 

µg/mL) for 24 h after replacing the old 

medium with the new medium. 

Afterwards, the 100 µL of MTT reagent 

(5 mg/mL in PBS) was subsequently 

added into each well, then the plate was 

kept in dark condition for 4 h. By adding 

the 100 µL of DMSO, the resulting 

formazan was dissolved. Further, the 

absorption of dissolved formazan was 

determined at 595 nm wavelength using 

ELIZA plate reader (Tecan Multimode 

Reader, Austria). The concentrations of 

the test sample which showed 50% of cell 

death was calculated. 

RESULTS 

Isolation of marine bacterial strains 

The collected soil sample was 

serially diluted and inoculated on nutrient 

plates and incubated. After incubation, 

21.67±1.34 CFU/g x 105 colonies were 

counted on nutrient plates, from that 4 

morphologically distinct bacterial 

colonies were observed and selected for 

the further study. The selected bacterial 

strains were named as KA1, KA2, KA3, 

KA4. 

Antagonistic activity of isolated 

bacterial strains  

The isolated bacterial strains were 

tested for its antagonistic nature against the 

test bacterial pathogens. Among the tested 

bacterial strains, the isolate KA2 showed 

significant antagonistic activity against the 

4 tested bacterial pathogens. Other bacterial 

strains KA1 and KA3 exhibited significant 

growth inhibition activity against 2 

bacterial pathogens. The isolates KA4 

showed growth inhibitory activity against 

only one bacterial pathogen. The results 

indicate that the isolate KA2 exhibited 

significate antagonistic activity over the 

other bacterial isolates (Figure 1 & Table 

1). 

Identification of antagonistic bacteria  

 The obtained nucleotide sequence of 

the isolated antagonistic bacterial strain was 

compared for the similarity with known 

sequenced using the BLAST search tool. 

The obtained sequences showed over 98% 

of similarity with the known sequence of 

Pseudomonas sp. Further, the strain was 

identified as a genus of Pseudomonas sp. 

(Figure 2).  

Assessment of Chemical composition 

After, extraction of secondary crude 

metabolic extract from Pseudomonas sp 

KA2 strain, the CSME was analyzed for 

total phenol and total flavonoid content. 

The results indicated the presence of ahigh 

amount of total flavonoids (198.43±2.36 

μg/mg). The total phenolic content 

calculated against gallic acid was relatively 

low (34.37±1.40 μg/mg). 

Antibacterial activity and MIC 

The collected bacterial crude 

secondary metabolites were examined for 
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its antibacterial activity on MHA plates. 

The crude secondary metabolites of isolate 

KA2 displayed greater antibacterial activity 

against all the selected pathogens and the 

zone of inhibition has varied significantly 

according to the concentration used. The 

maximum growth inhibitory activity of 

crude secondary metabolites of strain KA2 

was observed against Staphylococcus 

aureus followed by Streptococcus 

pneumoniae, and Escherichia coli. 

However, the crude secondary metabolites 

of strain KA2 exhibited lesser inhibitory 

activity against Staphylococcus epidermidis 

while compared with other tested bacterial 

pathogens. The standard antibiotic 

Ciprofloxacin recorded zone of inhibition 

ranged from 21 to 26 mm. The MIC values 

ranged between 43.7 to 350 µg/ml and the 

lowest MIC value of 87.5±2.5 µg/ml was 

recorded against Staphylococcus aureus, 

Escherichia coli and Streptococcus 

pneumoniae. The inhibition of Klebsiella 

pneumonia was started at the concentration 

of 350.0±6.4 µg/ml (Table 2 & Figure 3). 

Antioxidant activity of CSME 

The CSME of KA2 showed a 

concentration established anti-DPPH free 

radical scavenging activity. The crude 

secondary metabolites of strain KA2 

exhibited the effective DPPH inhibition 

activity, and the maximum inhibition of 

39.76±1.32 % was observed at 40 µg/ml 

concentration, which is considerably 

lesser than the inhibitory activity of 40 

µg/ml of standard (Figure 4). 

Cytotoxicity of CSME on KB cells 

The cytotoxicity of CSME on KB 

cells was studied by establishing the MTT 

assay. The results exhibited that the 

concentration-dependent cytotoxicity on 

KB cells was demonstrated by CSME of 

KA2. The 50% inhibition of cell growth 

(IC50) was calculated as 101.49±2.15 

µg/mL (Figure 5). 

 

 
Figure 1: Antagonistic activity of Pseudomonas sp KA2 bacterial strain against teste bacterial pathogens 
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Table 1: Antagonistic activity of bacterial strains isolated from collected soil samples 

Bacterial 
strains 

Test bacterial pathogens 
Escherichia 

coli 
Klebsiella 

pneumonia 
Staphylococcus 

aureus 
Streptococcus 
pneumoniae 

Staphylococcus 
epidermidis 

KA1 - + - + - 
KA2 + + + + - 
KA3 + - + - - 
KA4 + - + - - 

Note: +; positive, -; negative 
 

 
Figure 2: Phylogenetic classifications of isolated antagonistic bacterial stain. The tree was constructed by the 

neighbour-joining method with known bacterial sequences using MEGA 6.0 
 

Table 2: Antibacterial and MIC activity of crude secondary metabolites of Pseudomonas spKA2 strain against 
bacterial pathogens 

Test bacterial 
pathogens 

Zone of inhibition (mm) 
100 µg 200 µg 300 µg 400 µg Erythromycin (20µg) MIC (µg) 

Escherichia coli 8.87±0.38 11.54±0.37 12.53±0.56 14.46±0.57 23.76±0.45 87.5±3.3 
Klebsiella 

pneumoniae 
- 8.65±0.54 10.49±.67 12.78±0.54 24.57±0.65 175.0±6.4 

Staphylococcus 
aureus 

10.76±0.76 12.76±0.27 15.31±0.15 19.65±0.34 23.45±0.38 43.7±1.4 

Streptococcus 
pneumoniae 

09.36±0.54 10.85±0.34 14.34±0.45 16.76±0.39 23.68±0.23 87.5±1.6 

Staphylococcus 
epidermidis 

- - - 10.23±0.62 21.26±0.45 350.0±1.7 

 
 

 
Figure 3: Antibacterial activity of crude secondary metabolites of Pseudomonas sp KA2 against Staphylococcus 

aureus bacterial pathogen on MH agar plate 
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Figure 4: DPPH free radical scavenging activity of crude secondary metabolites of Pseudomonas sp KA2 

 

 
Figure 5: Cytotoxic activity of crude secondary metabolites of Pseudomonas sp KA2 strain against oral squamous 

carcinoma KB cell 
 

DISCUSSION 

Numerous metabolites from marine 

microbes showed structurally distinct from 

their terrestrial counterparts [17, 18] and 

possess extensive biological activities. 

Recently several studies carried out on the 

biological activities of secondary 

metabolites extracted from marine bacterial 

isolates.Moreover, some reports found that 

the marine strains of Pseudomonas are a 

potential source for the biologically active 

secondary metabolites. In the current study, 

we isolated the antagonistic Pseudomonas 

sp along with other antagonistic bacterial 

strains from the soil sample collected from 

the seashore of Karaikal. Since 

Pseudomonas was first described in the 

19thcentury this bacterium has been 

regarded as a terrestrial or freshwater 

species. Studies of its existence in marine 

environments have been restricted to 

shorelines [19, 20, 21]. Members of the 
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genus Pseudomonas are known as a 

potential source for the biologically active 

metabolic compounds [22]. Pseudomonas 

spproduced phenazine which was active 

against Gram-positive bacteria and 

actinomycetes with varying antimicrobial 

activity. In another study [23, 24], extracts 

of Pseudomonas spand Pseudomonas 

chlororaphis 449, have been reported for 

antimicrobial activity against Gram-positive 

and Gram-negative bacteria [25] reported 

that the Pseudomonas sp. possess the 

effective antimicrobial activity against both 

Gram-positive and negative organisms 

including MRSA (methicillin-resistant 

Staphylococcus aureus). In this current study, 

the secondary metabolic extract of 

Pseudomonas sp KA2 strain showed a 

wider range of antibacterial activity against 

selected gram-positive and gram-negative 

bacterial pathogens.   

Anticancer activity of secondary 

metabolic extract of Pseudomonas sp KA2 

strain was examined on KB cells. The 

results suggest that the concentration-

dependent cytotoxicity on KB cells. 

Similarly, the concentration-dependent 

cytotoxicity on cancer cell lines HeLa, 

HepG2 and SHSY5Y was exhibited by 

secondary metabolic extract of 

Pseudomonas sp BS25 strain [26]. 

Recently, several secondary metabolites 

produced by Pseudomonas sphave been 

reported to be cytotoxic [27] reported that 

metabolites extracted from P. aeruginosa 

LN strain can serve as bactericides to 

control plant diseases in greenhouse. Semi-

purified extracts of the strain showed 

antimicrobial effect against Xanthomonas 

sp [27]. 

CONCLUSIONS 

The antagonistic bacterial strain 

Pseudomonas sp KA2 was isolated from 

soil samples collected Karaikal seashore 

region. The crude secondary metabolites 

were extracted from the isolated KA2 

stain using ethanol. The extracted crude 

secondary metabolites exhibited 

concentration-dependent antibacterial 

activity and antioxidant activity. 

Moreover, exhibited effective 

concentration-dependent cytotoxicity on 

oral squamous carcinoma KB cell. The 

obtained results suggest that the crude 

secondary metabolic extract of 

antagonistic bacterial strain Pseudomonas 

sp KA2 possess the effective antibacterial, 

antioxidant and anticancer activity in in-

vitro condition. Consequently, it could be 

used for the treatment of infectious 

disease and oral cancer treatment after 

proper purification of compound and 

clinical trial.  
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