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Abstract: Screening and characterization of the secondary 

metabolites from the marine microbial organisms helps in the 

identification of potential bioactive molecules with pharmaceutical 

importance.  Hence, in the present study, a total of seven marine 

samples were collected from different sampling sites around 

Tamilnadu and Andaman, out of which 39 isolates were screened 

for antagonistic against five human pathogens. Among the isolates, 

two potent Bacillus strains (C5 & M6) exhibited antagonistic 

activity against pathogenic microorganisms. The maximum zone of 

inhibition was exhibited by C5 against Staphylococcus aureus 

(14.03±0.02mm), followed by Bacillus cereus (13.3±0.02mm), 

Pseudomonas aeuroginosa (11±0.08mm), Escherichia coli 

(9.03±0.01mm) and Streptococcus mutans (6.93±0.08mm). The 

strain M6 exhibited maximum zone of inhibition against 

Pseudomonas aeuroginosa (11.8±0.15mm) followed by 

Staphylococcus aureus (6.03±0.05mm), Bacillus cereus 

(5.03±0.05mm), Escherichia coli (4.9±0.01mm) and Streptococcus 

mutans (4.86±0.15mm). These organisms were identified as Bacillus 

marisflavi (C5) and Bacillus flexus (M6) by 16s rRNA gene 

sequencing.  Comparatively, the strain C5 was more effective than 

M6. The bioactive components from culture broth were separated 

by Thin Layer Chromatography and the chemical constituents of 

the fractions were analyzed by Gas chromatography–mass 

spectrometry. This revealed the presence of numerous bioactive 

compounds like Phenol, 2,5-bis(1,1-dimethylethyl), Cyclododecane, 

Hexadecanoic acid ethyl ester, Pentadecanoic acid ethyl ester, 

Octadecanoic acid ethyl ester from C5 and M6. The findings 

suggested that marine water samples have the potent source of 

bioactive compounds as a novel source for drug discovery. Further, 

structural prediction and characterization of the bioactive 

compounds may lead to the discovery of novel compounds for 

potential medicinal applications. 

Keywords: Marine ecosystem, Tamilnadu, Bacillus marisflavi, 

Bacillus flexus, Antagonistic activity. 

I. INTRODUCTION 

   A majority of the biosphere is occupied by the marine 

environment that contributes to 97% of the earth. The marine 

environment harbours a huge reservoir of marine 

microorganisms that have potent bioactive compounds to exploit 

as natural products for the treatment of human diseases 

(Chellaram et al., 2004). The marine environment is poorly 

explored in terms of potential pharmaceuticals. A good source of 

novel metabolites can be obtained from these microbes that are 

tremendous in the marine ecosystem. Screening of bioactive 

compounds can be achieved through the study of novel 

microorganisms of marine origin (Sagar et al., 2015). The genus 

Bacillus is a group of gram-positive rod-shaped bacteria that are 

heterogeneous both phylogenetically and morphologically. 

Extensive studies have been done in the genus Bacillus and are 

classified into four major groups (Ash et al., 1991). Bacillus 

strains can survive in adverse conditions (Claus, 1986). Priest 

(1993) has revealed that Bacillus sp. are widely distributed in 

aquatic environments that are capable of forming spores with 

ability to tolerate a variety of unfavourable environmental 

conditions. To date, approximately 500 species belonging to the 

genus Bacillus have been reported. However, the poorly studied 

marine Bacillus, on the other hand, is even more varied (Liu et 

al., 2017). The search for biological antimicrobials with 

improved bioavailability and improved efficiency, with low 

resistance induction, is more appropriate and appreciated 
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currently. Hence the present study, aims to screen marine 

Bacillus species with an antagonistic effect against human 

pathogens. Therefore an attempt was made to isolate and 

identify Bacillus from the marine ecosystem in and around 

Tamilnadu and to evaluate its antagonistic activity against 

human pathogenic microorganisms. 

II. MATERIALS AND METHODS 

A. Collection of marine water samples 

  Bacillus species used in this study were isolated from marine 

water samples collected from coastal areas from seven different 

sites in and around Tamil Nadu as listed in table 1. Surface water 

samples from a depth of about 0.3m were collected in sterile 

screw-cap containers and stored in the refrigerator at 4°C for 

further work. 

 

Table 1: Sample collection sites in and around Tamil Nadu 

 

S.No Name of the site Coastal region Latitude  Longitude 

1 Velankanni Coramandel coast of Bay of Bengal 10.6811° N 79.8536° E 

2 Mandapam 

shoreline 

Gulf of Mannar, confluence of Indian 

Ocean and the Bay of Bengal  

9°17'18.60" N  79°18'45.76" E 

3 Marina beach   Coramandel coast of Bay of Bengal 13.0500° N 80.2824° E 

4 Kanyakumari 

shoreline 

Confluence of Arabian Sea, Indian 

Ocean, and the Bay of Bengal 

8.0866° N 77.5544° E 

5 Tuticorin  Gulf of Mannar 8.7644° N 78.1507° E 

6 Andaman  Northeastern Indian Ocean 11° 37' 24.15'' N 92° 43' 35.34'' E 

7 Tiruchendoor Coromandel Coast off the Bay of 

Bengal 

8.4863° N 78.1221° E4 

  

 

 Figure 1: Map showing marine water sample collection sites in and around Tamilnadu 
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B. Isolation of marine Bacilli 

  One ml of seawater sample was suspended in 9 ml of sterile 

distilled water and serially diluted. For isolating the pure culture 

of Bacillus, the dilutions were incubated at 30°C for 4 hours and 

heat-shocked at 80°C for 3 to 5 minutes in a water bath to 

destroy all vegetative microbial cells. 100µl of sample from each 

dilution was taken and spread on Zobell marine agar (HiMedia, 

India). The plates were inverted and incubated at 30°C for 24 

hrs. Pure colonies were identified based on morphological 

features. Pure colonies were picked up from the agar plate by 

using an inoculation loop and were smeared onto a glass slide 

for Gram’s staining (Cappuccino & Sherman, 2002). 

 

C.  Species identification 

  To characterize the organism at the species level, the strains 

were subjected to genetic characterization by 16S rRNA gene 

sequencing. The Chromosomal DNA was isolated by using 

standard protocols. The isolated DNA was amplified by PCR 

with specific primers for the conserved regions of 16S rRNA 

following which the DNA was sequenced. The sequences were 

compared with sequences deposited in the 16S rRNA database. 

Phylogenetic analysis was done using MEGA 7 software and the 

phylogenetic tree was constructed using the sequences generated 

from this study along with 18 reference sequences retrieved from 

GenBank, NCBI. Tree construction was done based on the 

Maximum Likelihood method (ML) with a bootstrap value of 

1000 times replication and gaps were considered as missing data 

(Tamura et al., 2013). 

 

D. Detection of antagonistic activities 

  The Gram-positive pathogenic bacteria Streptococcus mutants 

(MTCC –890), Staphylococcus aureus (NCIM–2079) and 

Bacillus cereus(MTCC–430), and the Gram-negative strains 

Escherichia coli (MTCC–46) and Pseudomonas aeruginosa 

(NCIM – 2200) were procured from Microbial Type Culture 

Collections (MTCC), IMTECH, Chandigarh, India and National 

Collection of Industrial Microorganisms (NCIM), Pune, 

Maharastra, India. The cultures were kept on slants and stored at 

4ºC. These strains were sub-cultured every week in order to 

maintain the virulence. The antagonistic properties of isolated 

bacterial species were determined by agar well diffusion method. 

Mueller Hinton Agar Medium (1 L) was prepared by dissolving 

33.9 g of the commercially available Mueller Hinton Agar 

Medium (HiMedia, India) in 1000ml of distilled water. The 

dissolved medium was autoclaved at 15 lbs pressure at 121°C 

for 15 minutes. The autoclaved medium was mixed well and 

poured onto 100mm Petri plates (Borosil®) (25-30ml/plate) 

while still molten. Petri plates containing 20ml Mueller Hinton 

medium (HiMedia, India) were seeded with 24hrs culture of 

pathogens. Wells were cut and the Bacillus cultures were added 

at varying concentrations from 100µl to 500µl. The plates were 

then incubated at 37°C for 24 hours. The antagonistic activity 

was evaluated by measuring the diameter of the inhibition zone 

formed around the well. The assay was done in triplicates for 

each isolate and the results were expressed as a mean value of 

inhibition zone diameter. 

 

E. Isolation and identification of metabolites 

  The supernatant of the cultures that showed maximum zone of 

inhibition were analyzed by thin-layer chromatography (TLC). 

TLC plates (60G F₂₅₄) with precoated silica gel were used for 

the separation of compounds. The developing solvent was 

dichloromethane: ethyl acetate: methanol (5:5:1). The unknown 

compounds on TLC were collected and dissolved in the solvent 

used for elution. These partially purified compounds were 

analyzed again by GC and MS. 

F. GC-MS analysis 

  The fractions eluted from TLC, were subjected to GC-MS to 

identify the bioactive compounds. The sample was analyzed in 

GC Clarus 500 Perkin Elmer by using software Turbomass 5.2 

equipped with mass detector Turbo mass gold Perkin Elmer. 2μl 

sample was introduced via an all-glass injector working in the 

split mode, with Helium as the carrier gas with a linear velocity 

of 32 cm/s. The HP-5 fused silica capillary column (Length – 30 

m; Film thickness- 25 μm I.D-0.2 mm) was used. Data 

assessment was performed through Turbomass software and a 

library search was carried out using NIST library. 

 

III. RESULTS AND DISCUSSION 

 

    The Indian marine ecology boasts a thriving microbial 

diversity. In terms of prospective medications, the marine 

environment has received insufficient attention. It is home to an 

astounding diversity of organisms, making it an excellent source 

of new metabolites that might be employed in the treatment of 

infectious diseases. In the present study, a total of 7 marine 

water samples were collected from various marine ecosystems in 
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and around Tamilnadu as listed in table 1. After the serial 

dilution technique, only the Bacillus species were isolated by 

specific procedures. About 39 different Bacilli colonies were 

selected based on morphological variations of the colony and 

confirmed by Gram’s staining. Strain codes were given to each 

colony until species identification was done (Table 2).  

 

 

Table 2. Number of colonies selected from each sample site  

S.No Name of the site No of colonies 

selected 

Strain code 

1 Velankanni 6 V1, V2, V3, V4, V5, V6 

2 Mandapam shoreline 8 M1, M2, M3,M4,M5,M6,M7,M8 

3 Marina beach  8 C1, C2, C3, C4, C5, C6, C8  

4 Kanyakumari shoreline 3 K1,K2,K3 

5 Tuticorin  4 Tu1,Tu2,Tu3,Tu4  

6 Andaman & Nicobar island 8 A1, A2, A3,A4, A5, A6, A7, A8 

7 Tiruchendoor 2 T1,T2,T3,T4 

 

Fig 2: Gram’s stain of C5 & M6 

               
Fig 2.1 Gram stain of C5 showing Gram-positive rods           Fig 2.2 Gram stain of M6 showing   Gram- positive rods 

  Bacillus species found in a wide range of environments are 

including water, dead insects, plants, soil, the marine 

environment, animal guts, and food samples (Krawczyk et 

al.,2015; Shewan et al., 1954). The aerobic organisms are 

capable of producing endospores that allow them to live in the 

most extreme climatic conditions and they synthesize a diverse 

range of bioactive compounds used in the field of agricultural, 

fishery, medicinal, and veterinary sciences (Piewngam et 

al.,2018; Sharp et al.,1992; Stein, 2005). It was assumed that 

the extracellular secondary metabolites produced by the isolates 

have inhibitory activity against pathogenic microorganisms. 

Hence, the culture supernatant of all the 39 isolates were tested 

for antagonistic activity against Streptococcus mutans (MTCC 

–890), Staphylococcus aureus (NCIM – 2079), and Bacillus 

cereus (MTCC – 430), and the Gram-negative strains such as 

E. coli (MTCC – 46) and P. aeruginosa (NCIM – 2200). 

Finally, two potential Bacillus isolates with strain codes C5 and 

M6 were selected based on their inhibitory effect against the 

pathogens. Among the two potential strains, strain C5 showed 

the most significant activity against Gram-positive and Gram-

negative pathogens. The assays were done in triplicates and the 

diameter of the inhibitory zones was expressed as Mean ± 
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Standard Error as shown in Table 4,5 and Fig 5,6. The 

maximum zone of inhibition was exhibited by C5 against 

Staphylococcus aureus (14.03±0.02mm), followed by Bacillus 

cereus (13.3±0.02mm), Pseudomonas aeuroginosa 

(11±0.08mm), Escherichia coli (9.03±0.01mm) and 

Streptococcus mutans (6.93±0.08mm) at a concentration of 

0.5ml. The strain M6 exhibited maximum zone of inhibition 

against Pseudomonas aeuroginosa (11.8±0.15mm) followed by 

Staphylococcus aureus (6.03±0.05mm), Bacillus cereus 

(5.03±0.05mm), Escherichia coli (4.9±0.01mm) and 

Streptococcus mutans (4.86±0.15mm) at a concentration of 

0.5ml. The antagonistic activity exhibited by these organisms 

could be due to the metabolites synthesized by the organisms 

extracellularly.  The marine microorganisms of the Pacific 

Institute of Bio-organic Chemistry (Vladivostok, Russia) have 

taxonomically studied a group of marine Bacillus strains with 

the ability to produce biologically active compounds (Ivanova 

et al., 1998; Jensen et al., 1996). B. subtilis has been 

extensively experimented by various researchers for its anti-

fungal activity (Cubeta et al.,1985;  Ferreira et al.,1991; Fravel 

1998; Seifert et al.,1987). Loeffler et al., (1986) implied that 

the mode of antagonistic action is due to the production of 

antibiotics. Surfactin molecules isolated from B. pumilis 

showed inhibitory activity against S. aureus, P. vulgaris, and E. 

Faecalis (Berrue et al.,2009).  Bioactive compounds such as 3-

methylpyridazine, n-hexadecanoic acid, indazol-4-one, 

octadecanoic acid, and 3a-methyl-6-((4-methyl phenyl) sul 

Alterperylenol (Al-dhabi et al.,2019; Zhao et al., 2018), 

Trypilepyrazinol (Li et al.,2019), Aspergillsteroid A (Xu et 

al.,2020) have been reported to exhibit antibacterial properties. 

Metabolites such as an antibiotic, 3-amino-3-deoxy-D-glucose 

(Fusetani et al., 1987), a new glucanase (Okami et al., 1980), 

and cyclic acyl peptides (Gerard et al., 1996) have been 

isolated. Similar results were observed in the culture broth of B. 

amyloliquefaciens (FZB42) which showed the presence of 

Difficidin and oxidifficidin that are highly unsaturated 22-

membered macrocyclic polyene lactone phosphate esters with 

broad-spectrum of antibacterial activity (Chen et al.,2009). 

B.aerius, B.oryzicola, B.safensis, B.boroniphilus, B.altitudinis, 

and Virgibacillus senegalensis isolated from marine 

environments in Mexico showed acute antagonistic action 

against the food-borne poisoning pathogens S. aureus and 

Vibrio parahaemolyticus. These marine bacteria appear to be a 

viable option to other clinically significant microorganisms for 

the development of novel antimicrobial agents (Galaviz-Silva et 

al. 2018). Dentigerumycin E, a newly found metabolite isolated 

from the coastline of a muddy wetland by co-cultivation of the 

marine bacteria Streptomyces sp. and Bacillus sp. exhibited 

anticancer effects against human cancer cell lines. This 

suggested that co-cultivation of marine microorganisms might 

be a potential method for discovering novel bioactive microbial 

compounds (Shin et al., 2018).  Sran et al. (2019) found an 

actinobacterium, Microbacterium aurantiacum FSW25 from 

Rasthakaadu Beach (Tamil Nadu, India).  This bacterium 

yielded a significant amount of an exopolysaccharide with 

remarkable rheological and antioxidant properties. Zhang et al. 

(2020)  discovered a marine bacterium Verrucosispora sp. 

MS100137 isolated from sea sediments that produced a novel 

abyssomicin and six known abyssomicin and proximicin 

analogues. The novel molecule, together with two previously 

found compounds, showed strong antiviral activity. The 

metabolite C17-fengycin B, produced by B. subtilis 2H11 from 

a deep-sea environment, exhibited an inhibitory effect against 

the fungus Fusarium solani (Liu & Sun, 2021). 

 

 

 

 

 

 

Fig 3: Antagonistic activity of C5 

 
Fig 3.1- Antagonistic activity of C5 against Pseudmonas sp. at varying concentrations 

Fig 3.2- Antagonistic activity of C5 against Eschericia sp. at varying concentrations 

Fig 3.3- Antagonistic activity of C5 against Bacillus sp.at varying concentrations 
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Fig 3.4- Antagonistic activity of C5 against Stapylococcus sp. at varying concentrations 

Fig 3.5- Antagonistic activity of C5 against Streptococcus sp.at varying concentrations 

 

Fig 4: Antagonistic activity of M6 

 
Fig 4.1- Antagonistic activity of M6 against Pseudmonas sp. at varying concentrations 

Fig 4.2- Antagonistic activity of M6 against Eschericiasp. at varying concentrations 

Fig 4.3- Antagonistic activity of M6 against Bacillus sp. at varying concentrations 

Fig 4.4- Antagonistic activity of M6 against Stapylococcus sp. at varying concentrations 

Fig 4.5- Antagonistic activity of M6 against Streptococcus sp.at varying concentrations 

 

Table 4: Diameter of The Zone of Inhibition Measured for Antagonistic Activity of C5 Against Human Pathogens 

 

Pathogen Zone of inhibition (mm) (M±SE) 

0.1ml 0.2ml 0.3ml 0.4ml 0.5ml 

Pseudomonas 

aeruginosa  

1±0.00 2±0.00 8.06±0.08 10.06±0.08 11±0.08 

Escherichia coli  1.96±0.02 2.03±0.02 3.03±0.02 6±0.00 9.03±0.01 

Bacillus cereus  0.06±0.02 0.1±0.08 4.9±0.02 11.23±0.09 13.3±0.02 

Staphylococcus 

aureus  

1.06±0.09 2.33±0.08 5.03±0.11 13±0.11 14.03±0.02 

Streptococcus 

mutans  

0.06±0.02 0.16±0.02 1.03±0.02 2.36±0.06 6.93±0.08 

NOTE: The Zones of Inhibition are measured in terms of millimeters (mm) and expressed as Mean ±Standard 

Error (M ±SE) 
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Figure 5: Antagonistic activity of C5 against human pathogens 

 

 

Table 5: Diameter of The Zones of Inhibition Measured for Antagonistic Activity of M6 Against Human 

Pathogens 

 

 

Pathogen 

Zone of inhibition (mm) (M±SE) 

0.1ml 0.2ml 0.3ml 0.4ml 0.5ml 

Pseudomonas 

aeruginosa 

0±0 0±0 4.96±0.15 6.96±0.15 11.8±0.15 

Escherichia coli 0.0±0.05 0.9±0.05 1.03±0.05 4±0 4.9±0.01 

Bacillus cereus 0.03±0.05 0.13±0.15 2.03±0.05 4.1±0.17 5.03±0.05 

Staphylococcus 

aureus  

1.1±0.17 1.16±0.15 2.93±0.20 6±0.2 6.03±0.05 

Streptococcus mutans 0.03±0.05 0.06±0.05 4.06±0.05 5.06±0.11 4.86±0.15 

NOTE: The Zones of Inhibition are measured in terms of millimeters (mm) and expressed as Mean ±Standard 

Error (M±SE) 
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Figure 6: Antagonistic activity of M6 against human pathogens 

 

GC-MS profiling 

One of the primary methods for metabolite profiling 

that significantly contributes to the understanding of the 

metabolome is GC-MS-based metabolite profiling of biological 

samples. Since its inception as a significant technique for 

metabolite profiling, GC–MS is currently used routinely in 

functional genomic investigations of plants and microorganisms 

such as bacteria and fungus to screen for obvious or previously 

unknown metabolic characteristics (Kopka, 2006, Wani, et al., 

2010). In the present investigation, the culture supernatants of 

the selected isolates were subjected to thin layer 

chromatography. The eluted fractions were then analysed by Gas 

Chromatography Mass Spectrometry (GCMS). The results of the 

analysis showed the presence of the bioactive compounds as 

listed in the table 4.1 and 4.2. A majority of phenolic and 

benzene derivatives were found in the analysis. These 

compounds are reported to have profound antimicrobial 

properties (Yogeshwari et al.,2012). The cell free supernantant 

of  C5 was found to contain 11 compounds namely 3-Methyl-4-

isopropylphenol, Phenol, 2,4-bis(1,1-dimethylethyl)-, 

Cyclododecane, Propanoic acid, 3,3'-thiobis-, diethyl ester, 

Hexadecanoic acid, methyl ester, Pentadecanoic acid, ethyl ester, 

Methyl stearate, Octadecanoic acid, ethyl ester, Octadecane, 

Tris(tert-butyldimethylsilyloxy)arsane and Androst-5,15-dien-

3ol acetate.  The studies of the past have highlighted that 3-

Methyl-4-isopropylphenol has anti-microbial (Li et al.,2013, 

Fujiki & Honda, 2020) and anti-oxidant properties (Ramos et 

al.,2018, Yogeswari et al.,2012, Salini et al.,2014, Das et al., 

2018), anti-fungal (Sabu R et al.,2014), anti-oxidant (Ajayi et 

al.,2011) and anti-tumor activity (Sujana et al.,2012, Panigrahi 

et al.,2014). Cyclododecane has reported to exhibit anti-

microbial activity (Mordi et al.,2016), Hexadecanoic acid, 

methyl ester showed anti-oxidant, anti-inflammatory, anti-

fungal, hypocholesterolemic, potent anti-microbial activity 

(Hema et al.,2011). The compound Methyl stearate has reported 

to act as GABA aminotransferase inhibitor, anti-inflammatory, 

intestinal lipid metabolism regulator, Gastrin inhibitor, anti-

helminthic and antinociceptive (Adnan et al., 2019). The 

compound Octadecanoic acid, ethyl ester has reported to show 

anti-microbial activity (Igwe & Okwu,2013). The biological 

activity of Octadecane is highlighted to have anti-fungal, anti-

tumor activity, anti-bacterial (Gehan et al.,2009, Hsouna et al.,  

2011) and anti-microbial activities (Jasim et al.,2015).The 

compound Propanoic acid, 3, 3’-thiobis-, diethyl ester has 

reported to exhibit anti-inflammatory activity (Manilal et 

al.,2020).The biological activity of the compounds 
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Pentadecanoic acid ethyl ester, Tris(tert-

butyldimethylsilyloxy)arsane and Androst-5,15-dien-3ol acetate 

remains unexplored. 

The fraction eluted from the cell free supernatant of M6 

showed the presence of 12 compounds such as Benzaldehyde, 4-

methyl-, 1,2-Benzenediol, o-(4-methoxybenzoyl)-o'-(4-

methylbenzoyl)-, 2-Butenedioic acid (Z)-, monododecyl ester, 

Phenol, 2,4-bis(1,1-dimethylethyl), Undecanoic acid, ethyl ester, 

Cyclododecane, Propanoic acid, 3,3'-thiobis-, diethyl ester, 

Pentadecanoic acid, 14-methyl-,methyl ester, 1,2-

Benzenedicarboxylic acid, buyl 2-ethylhexyl ester, 

Hexadecanoic acid, ethyl ester, Methyl stearate and 

Octadecanoic acid, ethyl ester. Among these five compounds 

namely Phenol, 2,4-bis(1,1-dimethylethyl), Cyclododecane, 

Propanoic acid, 3,3'-thiobis-, diethyl ester , Methyl stearate and 

Octadecanoic acid were similar to the metabolites identified 

from C5. These compounds, exhibited the biological activities as 

mentioned above. The reason for this similarity could be that 

both the organisms have been isolated from marine environment. 

Previous investigations suggest that metabolites isolated from 

marine Bacilli are reported to be unusually different from those 

isolated from terrestrial origin (Jensen  & Fencial et al., 1994). 

 The compounds previously reported with anti-

microbial properties were 1, 2-Benzenedicarboxylic acid, buyl 2-

ethylhexyl ester (Osuntokun & Cristina et al., 2019), 

Hexadecanoic acid, ethyl ester (Mohammadzadeh et al., 2007) 

and Octadecanoic acidethyl ester (Gehan et al., 2009). 

Specifically 2-Butenedioic acid (Z)-, monododecyl ester is anti-

bacterial (Okwu & Ighodaro, 2009) and Pentadecanoic acid, 14-

methyl-,methyl ester is an anti-fungal agent (Javaid et al.,2020). 

Anti-oxidant properties have been reported by the compounds 1, 

2-Benzenediol, o-(4-methoxybenzoyl)-o'-(4-methylbenzoyl) 

(Yadav et al., 2018) and 2-Butenedioic acid (Z)-, monododecyl 

ester (Shah et al., 2014). The compound Undecanoic acid, ethyl 

ester has a previous record of tyrosinase inhibitor (Maamoun et 

al., 2021).The biological activity of Benzaldehyde, 4-methyl- is 

not reported yet. 

 

According to the results of the GC-MS analysis, the 

antibacterial activity demonstrated by these compounds might be 

attributed to the presence of individual antimicrobial compounds 

such as 3-Methyl-4-isopropylphenol, Phenol, 2,4-bis(1,1-

dimethylethyl)-, Cyclododecane, Hexadecanoic acid, methyl 

ester, Octadecanoic acid, ethyl ester, Octadecane, 2-Butenedioic 

acid (Z)-, monododecyl ester, 1,2-Benzenedicarboxylic acid, 

buyl 2-ethylhexyl ester, Hexadecanoic acid, ethyl ester or to the 

combined action of all compounds. This theory, however, has to 

be investigated. The use of modern technologies such as nuclear 

magnetic resonance, bioassay-guided fractionation and Fourier-

transform infrared spectroscopy could be used to predict the 

specific compound responsible for this antagonistic activity. 

 

 
Fig 7 shows the TLC performed with the culture 

supernatants of C5 and M6. Lane 1 contains the 

sample from C5 and Lane 2 contains sample from M6. 

One prominent spot was observed in both the lanes 

indicated by an arrow mark. 
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Fig 8.1 GCMS profile of C5 

 
Fig 8.2 GCMS profile of M6 

Figure 8: GCMS profiles of C5 & M6 
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Table 6.1 GCMS profile of C5                          

Pea

k 

nu

mb

er 

Retention 

Time  

(mins) 

Peak area Peak 

area 

% 

Match 

Quality 

(%) 

Compounds Reported activities 

1 3.836  1646622 4.29 53 3-Methyl-4-

isopropylphenol  

Antimicrobial (Fujiki & Honda, 

2020; Li et al.,2013), Antioxidant 

(Ramos et al.,2018) 

2 6.975  1531056 3.99 95 Phenol, 2,4-bis(1,1-

dimethylethyl)- 

Antimicrobial (Das Ret al., 2018; 

Salini et al.,2014; Yogeswari et 

al.,2012), antifungal (Sabu Ret 

al.,2014), antioxidant (Ajayi et 

al.,2011), antitumor (Panigrahi et 

al.,2014; Sujana et al.,2012) 

3 8.044  2125530 5.54 98 Cyclododecane Antimicrobial (Mordi et al.,2016) 

4 8.412  699196 1.82 82 Propanoic acid, 3,3'-

thiobis-, diethyl ester 

Activity not explored 

5 11.372 1129503 2.95 97 Hexadecanoic acid, 

methyl ester 

Antifungal, Antioxidant, 

hypocholesterolemic nematicide,  

pesticide, antiandrogenic flavour, 

haemolytic, 5-Alpha reductase 

inhibitor, potent antimicrobial 

activity. (Hema et al.,2011) 

6 12.034  3353387 8.75 91 Pentadecanoic acid, ethyl 

ester 

Activity not explored 

7 13.273 965194 2.52  98 Methyl stearate GABA aminotransferase inhibitor 

Anti-inflammatory, intestinal Lipid 

metabolism regulator Gastrin 

inhibitor Antihelmintic 

(Nematodes) Antinociceptive 

(Adnan et al.,2019) 

8 13.878  3023561 7.88 95 Octadecanoic acid, ethyl 

ester 

Antimicrobial (Igwe & 

Okwu,2013). 

9 15.485  2284077 5.96 83 Octadecane Antifungal, antitumor activity, 

antibacterial (Gehan et al.,2009; 

Hsouna et a.,  2011) 

Antimicrobial  (Jasim et al.,2015) 

10 18.151  2542271 6.63 43 Tris(tert-

butyldimethylsilyloxy)ar

sane 

Activity not explored 

11 21.035  19045675 49.67 59 Androst-5,15-dien-3ol 

acetate 

Activity not explored 

 

Fig 9 Mass spectrum of individual compounds identified from the cell free supernatant of C5 
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Fig 9.1 Mass spectrum of 3-Methyl-4-isopropylphenol 

 

Fig 9.2 Mass spectrum of Phenol, 2,4-bis(1,1-dimethylethyl)- 

 

 

Fig 9.3 Mass spectrum of Cyclododecane 

 

 

Fig 9.4 Mass spectrum of Propanoic acid, 3,3'-thiobis-, diethyl ester 
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Fig 9.5 Mass spectrum of  Hexadecanoic acid, methyl ester 

 

 

Fig 9.6 Mass spectrum of Pentadecanoic acid, ethyl ester 

 

 

Fig 9.7 Mass spectrum of Methyl stearate 

 

 

Fig 9.8 Mass spectrum of Octadecanoic acid, ethyl ester 
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Fig 9.9 Mass spectrum of Octadecane 

 

 

Fig 9.10 Mass spectrum of Tris(tert-butyldimethylsilyloxy)arsane 

 

 

Fig 9.11 Mass spectrum of Androst-5,15-dien-3ol acetate 

Table 6.2 GCMS profiles of M6                          

Pea

k 

nu

mb

er 

Retention 

Time 

(min) 

Peak area Peak 

area 

% 

Match 

Quality 

(%) 

Compounds Reported activities 

1 2.749  2146914 4.92 97 Benzaldehyde, 4-methyl- Activity not explored 

2 3.836  2056445 

 

4.71 50 1,2-Benzenediol, o-(4-

methoxybenzoyl)-o'-(4-

methylbenzoyl)- 

Anti-oxidant activity 

(Yadav et al.,2018) 

3 6.521  1024390 2.35 91 2-Butenedioic acid (Z)-, 

monododecyl ester 

 Anti-bacterial, (Okwu 

& Ighodaro, 2009), 

Anti-oxidant (Shah et 

al,2014) 

4 6.975  2400716 5.50 97 Phenol, 2,4-bis(1,1- Antimicrobial (Das Ret 
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dimethylethyl)  al., 2018; Salini et 

al.,2014; Yogeswari et 

al.,2012), antifungal 

(Sabu Ret al.,2014), 

antioxidant (Ajayi et 

al.,2011), antitumor 

(Panigrahi et al.,2014; 

Sujana et al.,2012) 

5 7.883  668104 1.53 72 Undecanoic acid, ethyl ester Tyrosinase inhibitor 

(Maamoun et al.,2021) 

6 8.044  6629246 15.20 96 Cyclododecane Antimicrobial Mordi et 

al.,2016) 

 

7 8.412  1595813 3.66 99 Propanoic acid, 3,3'-thiobis-, 

diethyl ester 

Anti-inflammatory 

(Manilal et al.,2020) 

8 11.372  2927096 6.71 97 Pentadecanoic acid, 14-methyl-

,methyl ester  

Anti-fugal (Javaid et 

al.,2020) 

9 11.778  1324523 3.04 86 1,2-Benzenedicarboxylic acid, 

buyl 2-ethylhexyl ester 

Antimicrobial 

(Osuntokun & Cristina 

,2019) 

10 12.034  11137214 25.53 97 Hexadecanoic acid, ethyl ester Antimicrobial 

(Mohammadzadeh  et 

al.,2007).  

11 13.272  2420833 5.55 98 Methyl stearate GABA aminotransferase 

inhibitor Anti-

inflammatory, intestinal 

Lipid metabolism 

regulator Gastrin 

inhibitor Antihelmintic 

(Nematodes) 

Antinociceptive (Adnan  

et al.,2019) 

12 13.878  9285940 21.29 98 Octadecanoic acid, ethyl ester  Antimicrobial (Gehan et 

al.,2009) 

 

 

 

 

Fig 10.1Mass spectrum and chemical structure of Benzaldehyde, 4-methyl- 



Journal of Scientific Research, Volume 65, Issue 5, 2021 

87 
 

Institute of Science, BHU Varanasi, India 

 

Fig 10.2 Mass spectrum of 1,2-Benzenediol, o-(4-methoxybenzoyl)-o'-(4-methylbenzoyl)- 

 

 

Fig 10.3 Mass spectrum of 2-Butenedioic acid (Z)-, monododecyl ester 

 

 

Fig 10.4 Mass spectrum of Phenol, 2,4-bis(1,1-dimethylethyl) 

 

 

Fig 10.5 Mass spectrum of Undecanoic acid, ethyl ester 
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Fig 10.6 Mass spectrum of Cyclododecane 

 

 

Fig 10.7 Mass spectrum of Propanoic acid, 3,3'-thiobis-, diethyl ester 

 

 

Fig 10.8 Mass spectrum of Pentadecanoic acid, 14-methyl-,methyl ester 

 

 

Fig 10.9 Mass spectrum of 1,2-Benzenedicarboxylic acid, buyl 2-ethylhexyl ester 
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Fig 10.10 Mass spectrum of Hexadecanoic acid, ethyl ester 

 

 

Fig 10.11 Mass spectrum of Methyl stearate 

 

Fig 10.12 Mass spectrum of Octadecanoic acid, ethyl ester 

Figure10 Mass spectrum and chemical structure of individual compounds identified from the cell free 

supernatant of M6 

 

 

Phylogenetic tree construction 

To identify the species of the two bacterial isolates, 16S 

rRNA gene sequencing was performed. The organism C5 was 

identified to be Bacillus marisflavi and M6 was identified to be 

Bacillus flexus. The sequences of C5 and M6 have been 

deposited in GenBank under accession number MN368726 and 

MN368862 respectively. The molecular Phylogenetic tree was 

constructed by Maximum Likelihood method as shown in Figure 

17. The evolutionary history was inferred using the Maximum 

Likelihood method based on the Tamura-Nei model (Tamura & 

Nei, 1993). The tree with the highest log likelihood (-2237.17) is 

shown in Fig.3. The percentage of trees in which the associated 

taxa were clustered together is shown next to the branches. 

Initial tree(s) for the heuristic search were obtained 

automatically by applying Neighbor-Join and BioNJ algorithms 

to a matrix of pairwise distances, estimated using the Maximum 

Composite Likelihood (MCL) approach, and then selecting the 

topology with superior log likelihood value. The tree is drawn to 

scale, with branch lengths measured in the number of 

substitutions per site. The analysis involved 20 nucleotide 

sequences. All positions with less than 95% site coverage were 
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eliminated; i.e. fewer than 5% alignment gaps, missing data, and 

ambiguous bases were allowed at any position. There were a 

total of 1396 positions in the final dataset. Evolutionary analyses 

were conducted in MEGA7 (Kumar et al., 2016). 

 

 
Fig 11. Molecular Phylogenetic analysis by Maximum Likelihood method 

 

Conclusion 

Bacillus species from marine environments produce structurally 

diverse natural compounds as a result of complicated 

biochemical processes. Because the living environment for 

marine microorganisms is exceedingly difficult, they create a 

massive number of bioactive chemicals to ensure their survival. 

There is always a continuous demand for the search for new 

pharmaceutical products to meet the needs of the growing 

population. Lipopeptides, polysaccharides, macrolactones, fatty 

acids, polyketides, antiviral compounds, antibiotics, and 

pigments are among the structurally varied types of secondary 

metabolites. Some of these bioactive chemicals have 

considerable potential for development of useful 

pharmaceutical and agrochemical applications. As per the 

literature available for B. marisflavi and B. flexus, a very less 

amount of work has been done with these two microbial strains 

so far. Hence an intensive study with modern molecular 

techniques could be applied to study the structure and mode of 

action of these novel metabolites. Thus, the metabolites 

obtained from these microbes can be used to meet the needs of 

a growing population with a reduced environmental hazard. In 

conclusion, it is exposed that marine water samples of India 

have a potent source of bacteria. 
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