
 

-1- 

ABSTRACT 
The marine environment continues to surprise us by producing novel bioactive 
substances with a wide range of benefits for humans. Materials and Methods: Ma-
rine bioluminescent bacteria Photobacterium leiognathi was isolated from pony fish, 
Secutorruconius which was confirmed with microscopic and molecular characteriza-
tion. The secondary metabolite of the isolated bacteria was extracted with di-
chloromethane. The chemical fingerprinting of the isolated metabolite was ana-
lyzed through TLC, FT-IR, and HPLC. The nature of the compound present in 
the metabolite was identified in the gas chromatography-mass spectrometry analy-
sis (GC - MS). The isolated extract was investigated for its antibacterial property 
against 10 human pathogenic bacteria and also its antioxidant activity using differ-
ent assays such as 1, 1-Diphenyl-2-picrylhydrazyl, Phosphomolybdenum, Metal 
chelating, Hydroxyl radical scavenging and hydrogen peroxide scavenging activity. 
Results: The Presence of functional groups including phenols, sugars, and amino 
acids in the extracts were identified by TLC. Totally, nine peaks were obtained for 
the crude extract through the FTIR spectrum range of 400 to 4000 cm-1 for the 
active sample. The DCM extract showed a broad spectrum of antibacterial activity 
against the six human bacterial pathogens. Secondary metabolites from the biolu-
minescent bacteria, P. leiognathi, have strong antioxidant properties. These results 
will be instrumental in developing novel products with biosensors and bio-imaging 
applications using P. leiognathi.  
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INTRODUCTION 

Being one of the least investigated ecosystems with only one percent of the 

oceans being explored, the marine environment still contains many novel 

compounds with various applications including cosmetics, nutraceuticals, 

pharmaceuticals, feed formulation, food supplements, textiles, etc. One of 

the most understudied ecosystems on the planet is the marine environment. 

Many studies have identified marine natural products for a variety of purpos-

es, including nutraceuticals, pharmaceuticals, feed formulation, textiles, and 

so on, although they represent only 1% of ocean exploration and abundance. 

On the other hand, still the marine environment, continues to surprise us by 

producing novel bioactive substances with a wide range of benefits for hu-

mans. Bioluminescence is one such characteristic that provides spectacular 
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advantages to the populace while also adding to the beauty of the ocean. Bio-

luminescence is produced by the extracellular biochemical compounds with 

chemiluminescence properties (Morin-Crini et al. 2019). Bioluminescence 

producing bacteria is attached to surface of several marine flora and fauna 

(Ramesh & Mohanraju 2017). The need for the production of biolumines-

cence molecules differs among species. Some species make biochemical sub-

stances to attract the opposite gender and to light up the deeper waters for 

food-seeking purposes. 

Chemists have identified that the bioluminescence organisms could 

emit light at a visible range which is produced by naturally occurring enzy-

matic reactions. The photoprotein from some organisms emit light when 

combined with luciferin or luciferase enzyme, but not all photoproteins re-

quire them to emit light (Haddock et al. 2010). The majority of luminescent 

bacteria inhabits the ocean. Mainly, two genera of marine bacteria, Vibrio and 

Photobacterium, are the most abundant bioluminescent bacteria. They are 

found in seawater, intestinal tract, and on the surfaces of marine animals. 

However, the only terrestrial luminescent bacterial genus known so far is Pho-

torhabdus (Engebrecht et al. 1983). Photobacterium leiognathi is a marine bacte-

rium that can naturally emit light by secreting the photoprotein and reacting 

with that atmospheric oxygen. The bioluminescence proteins of the bacteria 

were highly sensitive to a wide variety of toxic substances including heavy 

metals such as Hg, Al, Zn and Cr (Kannahi & Sivasankari 2014).  

The applications of bioluminescence are used for sensing and control-

ling hygienicity for many industries such as fish and milk industries. Moreo-

ver, bioluminescence-based assays can be applied for pollution mapping in 

ecosystems and sensing of pH, metal ions, transmembrane potential, drug 

molecules and other metabolites, gene assays and observation of protein–

protein interactions (Kim et al. 2018; Sharifian et al. 2018). Bioluminescence 

research is also being conducted for use in the medical field. The biolumines-

cent bacterium has been used as an imaging component in the medical field 

(Nunes-Halldorson & Duran 2003; Menz et al. 2013).  P. leiognathi was isolat-

ed from the marine ponyfish Secutorruconius and its secondary metabolite was 

extracted. Furthermore, the antibacterial and antioxidant properties of the 

secondary metabolite were evaluated using standard methods. 

 

MATERIALS AND METHODS 

Sample Collection and Bacterial Isolation  

Live fish of Secutorruconius (ponyfish of the Leiognathidae family) were col-

lected from Mudasalodai, Tamilnadu, India (Lat11°30’501” N and long 079°

49’669” E) and stored in an ice chest. The fishes were washed with sterile sea 

water then rinsed by double distilled water. The fish body surface was 

swabbed with sterile cotton swab for the isolation of luminescent bacteria. 

The upper layer of the skin of the fish was peeled off with the help of a ster-

ile blade without touching the light organ and the tissue was homogenized 

with 1 ml of sterile seawater. The homogenate was serially diluted up to 105 
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and used for the isolation of luminescent bacteria. The swab and homoge-

nate dilution (100µl) were spread on freshly prepared luminescent agar and 

Zobell marine agar plates. The plates were incubated at 22 °C for 24 hrs and 

monitored for the growth of luminescent bacteria. High-intensity light emit-

ting luminescent bacterial colonies were sub-cultured for future works, the 

isolated pure colonies were subjected to morphological and molecular identi-

fication. The pure culture was also used for secondary metabolite production 

and purification. Further, the glycerol stock was also prepared and stored for 

future studies (Firudoz et al. 2020). 

 

Morphological and Biochemical Characterization of Bacteria  

The isolated pure luminescent bacterial colonies were subjected to morpho-

logical characterization by microscopy and colony characteristics. Initially, 

the cultures were subjected to the Gram staining technique to classify the 

bacteria according to the composition of the cell wall. Later, the cultures 

were grown on luminescent agar and are kept in dark to identify the lumines-

cence of the bacteria, and the cultures were also grown in thiosulphate-citrate

-bile salts-sucrose (TCBS) agar, a selective medium for identifying marine 

bacteria, especially Vibrio sp. The cultures were then subjected to a catalase 

test in which a loopful of liquid culture was added to a clean slide with 3% 

hydrogen peroxide and observed foran immediate effervescence. Another 

biochemical test is the starch hydrolysis test, in which cultures were inoculat-

ed in nutrient agar supplemented with starch at a final concentration of 2% 

and after incubation, the plates were flooded with iodine solution and clear 

zones around the culture as a result of starch hydrolysis (Sarkar et al. 2019).  

 

Molecular Characterization of Bacteria  

The use of molecular characterization helps in the specific identification of 

the isolate and thus was carried out accordingly. The genomic DNA of the 

isolate was extracted using a Bacterial Genomic DNA extraction kit accord-

ing to the manufacturer’s protocol (QIAGEN, QIAamp DNA Mini Kit) 

with some modifications. The isolated DNA was then amplified using the 

following PCR mix: 1 µl of bacterial universal 16S rRNA primers forward 

E9F (5-GAGTTTGATCCTGGCTCAG-3) (Farrelly et al. 1995) and 1µl of 

reverse primer U1510R (5-GGTTACCTTGTTACGACTT-3) (Reysenbach 

& Pac 1995), 2 µl of genomic DNA and 6µl of PCR grade water were added 

and the PCR amplification was done. Amplified sequence threads were sub-

mitted to the NCBI database and NCBI BLAST (http:// 

www.ncbi.nlm.nih.gov/Blast) was carried out to distinguish the nearest 

neighbors of the isolates and then a phylogenetic tree was constructed using 

MEGA X software.  

 

Extraction of Secondary Metabolites from Luminous Bacteria  

A loop full of bacterial culture was inoculated in 250 ml conical flasks con-

taining 150 ml Zobell marine broth and incubated at 28℃ for 72 hours un-
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der constant agitation of 220 RPM. Post-incubation, the cultures were taken 

and centrifuged at 6000 RPM for 20 minutes to collect the supernatant. To 

the collected supernatant, an equal volume of dichloromethane (DCM) was 

added and continuously agitated for 1 hour to obtain a homogeneous mix-

ture. The organic phases were collected using a separating funnel and the sol-

vent was evaporated using a rotary evaporator. The sample was lyophilized 

and stored at 4 ℃ for further analysis (Klöppel et al. 2008).  

 

Characterization of Secondary Metabolites  

Gas Chromatography – Mass Spectroscopy  

The crude extract was analyzed using GCMS (Gas Chromatography Mass 

Spectrometry) to identify and to confirm the presence of a various com-

pound in them. Helium gas is used as a carrier gas for GCMS, the injection 

volume was 1 μl with a flow rate of 1.0 µl/min. NIST database spectrum is 

used for standard. The crude extract spectrum was compared with the NIST 

database spectrum. The high-intensity chromatogram peak was adjusted with 

ESI Compass Data Analysis Version 4.0. Moreover, the non-polar column is 

performed (Bakaraki et al. 2016). 

 

Fourier Transform Infrared Spectroscopy  

The lyophilized sample was dissolved in 1 mg/ml of HPLC grade water and 

subjected to FTIR spectral evaluation. All spectra were recorded within an 

infrared range from 400 to 4000 cm-1 using an FTIR spectrometer 

(Shimadzu, Japan).  

 

Thin Layer Chromatography  

Thin Layer Chromatography (TLC) is a simple yet effective technique for the 

identification of different groups of secondary metabolites. The crude sample 

along with the DCM fraction was prepared at a 1 mg/ml concentration. The 

study was conducted using a silica gel plate for the stationary phase. The 

crude sample was spotted on silica plate and was transferred to a twin cham-

ber which contains the developing solvent system with water: glacial acetic 

acid: n-butanol: ethyl acetic acid in the ratio of 1:1:1:1. P-Anisaldehyde – sul-

phuric acid was sprayed and the plate was allowed to dry and then heated to 

visualize the bands (Al-Massarani et al. 2017).  

 

HPLC Analysis  

HPLC was used for the separation and identification of compounds from the 

crude extract. The lyophilized DCM extract was dissolved in HPLC grade 

water (1 mg/ml). The sample was analysed with a reverse phase HPLC C18 

column and the purified fraction was collected. Initially, the column was 

washed for 5 min. The crude sample was loaded on the column and the frac-

tion was eluted using methanol and HPLC grade water for 30 min (These et 

al. 2009).  
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Sodium Dodecyl Sulphate - Polyacrylamide Gel Electrophoresis  

The protein content in the crude sample was determined using SDS-PAGE 

according to the method of Laemmeli (1970). The crude sample (20 µl) was 

mixed with Laemmeli loading dye (10 µl) and the mixture was loaded in 10% 

SDS-PAGE. After 4 hours, the gel was removed from the plates and stained 

with a staining solution containing 0.1% Coomassie brilliant blue and Metha-

nol: Glacial acetic acid and de-stained with glacial acetic acid: methanol: water 

(10:30:60). The molecular weight was estimated by comparing it with protein 

marker and BSA with a molecular weight of 66.5 kDa (He 2011).  

 

Biological Activity  

Antibacterial Assay  

The antibacterial activity for the crude and DCM fractions of secondary me-

tabolites was determined by Bauer et al. (1966). In this test, human bacterial 

pathogen cultures namely Bacillus subtilis (ATCC 23857), Pseudomonas, Shigella, 

Staphylococcus aureus (ATCC 23235), Salmonella paratyphi-A (ATCC 9150) and 

Salmonella paratyphi-B (ATCC BAA-1250/SPB7), Proteus vulgaris (ATCC 8427), 

Escherichia coli (ATCC 25922D-5), Klebsiellapneumoniae (ATCC BAA-1705D-5) 

and Proteus mirabilis (ATCC 12453) were used in this test. The spread plate 

technique is employed and followed as per (Bauer 1966). The plates were 

incubated at 37 °C for 24 hours and observed for clear zones of inhibition 

formed around the discs, and the diameter of the zones is measured in milli-

meters (mm). Amoxicillin (10 µl /disc) was used as a positive control.  

 

Antioxidant Assay  

Antioxidant activity of the secondary metabolite was evaluated using differ-

ent assay and the percentage of inhibition was calculated.  DPPH radical 

Scavenging Activity was performed as per Yen and Chan (1995) method 

(Yen & Chen 1995).The total antioxidant capacity of the crude DCM extract 

was carried out using the phosphomolybdenum method to determine the 

total quantity of fat and water-soluble antioxidants presence (Saeed et al. 

2012; Singh & Chahal 2018). The ability of secondary metabolite extract to 

scavenge hydroxyl scavenging was carried out according to the protocol of 

Halliwell and Gutteridge (Gutteridge & Halliwell 1988).The ability of the 

crude extract to scavenge hydrogen peroxide is determined as per the meth-

od mentioned by Ruch et al. (Ruch et al. 1989).The metal chelating activity of 

the extract was determined as described by Soler-Rivas (Soler-Rivas et al. 

2000). Finally, the percentage of inhibition and the total amount of antioxi-

dants present in the sample were calculated.  

 

Statistical Analysis  

Results were expressed as mean SD. The one-way ANOVA followed by 

Tukey’s multiple tests was used to analyze data.  
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RESULTS AND DISCUSSION 

Bacterial Characterization  

The bacterial culture isolated from pony fish was gram-negative rod-shaped 

bacteria when observed microscopically, as shown in Figure 1. In TCBS agar, 

luminescent green colored colonies were observed macroscopically in the 

dark, as shown in Figure 2 and green colonies were observed in TCBS agar 

when provided with a light source as shown in Figure 3.  Figures 4 and 5 in-

dicate positive results for catalase and starch in biochemical assays. Gram 

staining and biochemical analysis revealed that the isolates tested were gram-

negative rods, taxonomically identified as Photobacterium leiognathi. In the cur-

rent study, secondary metabolites were extracted from Photobacterium leiognathi 

which was obtained from skin of S. ruconius. For photobacterium, the tests for 

catalase and cytochrome oxidase are both positive. Although D-glucose pro-

duces acids, it does not produce gas. Nitrate is broken down into nitrite 

(Nogi et al. 1998). 

 

 
Figure 1. Gram staining – Gram Negative Rods. 

 

 
Figure 2. Bioluminescence from P. leiognathi in dark. 

  

Gel electrophoresis for PCR product of the sample and a positive con-

trol for 16S rRNA gene. The sample and the positive control were amplified 

by 2% gel electrophoresis as shown in Figure 4.  
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Figure 3. a) Green colour colonies in light (TCBS Agar); b) Catalase test – Positive; 

c) Starch hydrolysis test - Positive. 

 

 
Figure 4. Agarose gel electrophoresis – Left: DNA Ladder 100Kbp, Right: Bacterial 

DNA. 

  

After sequencing, amplified 16s rRNA of the isolated sample was sub-

jected to BLAST analysis and a phylogenetic tree was constructed with the 

neighbourhood joining method. The sample of pony fish was found to be 

similar to that of P. leiognathi. The sequence of P. leiognathi (ATCC25521) was 

the closest of the operational taxonomic unit. The species P. damselae 

(ATCC33539) and P. piscicola (NCCB100098) have the closest sequence simi-

larity of 99%. The molecular characterization by 16S rRNA sequencing con-

firmed that the isolated bacterium was a bioluminescent strain of P. leiognathi 

as shown in Figure 5 and was found to be in correlation with similar studies 

showing the isolation of P. leiognathi from pony fish (Molina et al. 2016). 

 

Characterization of Secondary Metabolites  

Gas Chromatography – Mass Spectroscopy  

GC-MS spectrum of the crude secondary metabolite from the bacterial iso-

late shows a numerous presence of various components with different reten-

tion times as illustrated in Figure 6 and Table 1. Results depicted some of the 

most common secondary metabolite which were not yet reported from P. 

leiognathi and they are as follow: Cyclopropane, 1-Butyl-2-(2-Methyl Propyl), 

Oleic acid, Emylcamate, 2-Propenoicn acid, Oxybis (Methyl-2,1-Ethanediyl) 

ester, 17-(1,5-Dimethyihexyl)-10,13-Dimethyl-1,7,8,9,10,11,12,13,14,15,16,17

-Dodeca,2-Chloropropionic acid, 2,2-Dimethyl Propyl ester, 2,6-Lutidine 3,5-

Dichloro -4 -Dodecy l th io - , .3-Butoxy -1 ,1 ,1 ,5 ,5 ,5 -Hexamethy l -3-
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(Trimethylsicoxy) Trisicoxane. In certain marine bacteria, specific GC-MS 

compounds such as phenol, dibutyl phthalate, butyl octylester, and indole 

were observed (Gromek et al. 2016). 

 

 
Figure 5. Phylogenetic tree of P. leiognathi. 

 

Figure 6. GCMS analysis of secondary metabolites from DCM extract. 
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Fourier Transform Infrared Spectroscopy  

The lyophilized crude sample was analyzed an FTIR spectrometer and its 

result is shown the Figure 7. The FTIR spectrum obtained the spectral range 

of 400 to 4000 cm-1 for the active crude sample. Totally, 9 peaks were ob-

tained for crude extract. Apart from 4 peaks, range peaks were also recorded. 

Infrared spectroscopy is a useful analytical technique for the detection of 

functional groups of the compound. IR spectrum corresponds to the pres-

ence of P-H phosphine at wavelength of 2362.80 cm-1, while the c=c stretch-

ing frequency around 1667.78 cm-1 conform the alkenes groups and amides 

group are present in 1548.84 cm-1 wave number. A collection of bands in the 

region of 1408.04 are due to the S=O sulfate group, while the absorption 

band in the region 1093.64 cm-1 are C-F structuring functional group of 

Ether and alkyl halides functional group present wavelength of 557.43 cm-1 

structure of C-Br- group. FTIR spectra of the crude extract of the marine 

bacterium Pseudomonas aeruginosa revealed major bands at 3396.01 cm-1, 

2928.88 cm-1, 1726.24 cm-1, 1510.88 cm-1, 1726 cm-1, and 1046.43 cm-1 (Nair 

et al. 2021).  

 

Thin Layer Chromatography 

The developed TLC plate sprayed with the derivatization agent is shown in 

Table 1. GCMS analysis of secondary metabolites from DCM extract. 

S No. 
Retention 

time 
Molecular 

mass (m/z) 
Compound name 

Molecular 
formula 

1. 3.083 84 Methylene Chloride CH2Cl2 
2. 23.967 154 Cyclopropane,1-Butyl-2-(2-Methyl Propyl) C11H22 
3. 24.782 282 Oleic Acid C18H34O2 
4. 25.277 282 Oleic Acid C18H34O2 
5. 26.698 145 Emylcamate C7H15O2N 
6. 27.138 240 2-Propenoicn Acid, Oxybis(Methyl-2,1-Ethanediyl) Ester C15H28O2 

7. 27.453 382 
17-(1,5-Dimethyihexyl)-10,13-Dimethyl-
1,7,8,9,10,11,12,13,14,15,16,17-Dodeca 

C27H42O 

8. 27.793 178 2chloropropionic Acid, 2,2-Dimethyl Propyl Ester C8H1502Cl 
9. 28.249 375 2,6-Lutidine 3,5-Dichloro-4-Dodecylthio- C19H31NC12S 
10. 29.359 368 3-Butoxy-1,1,1,5,5,5-Hexamethyl-3-(Trimethylsicoxy)Trisicoxane C13H36O4S14 

 

 

Figure 7. FTIR analysis of DCM extract of bioluminescent bacteria. 
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figure 8. Crude extract on the right side showed multiple bands with different 

RF whereas the fraction showed 3 prominent bands in the TLC plate under 

white light, 254 nm and 366 nm suggesting the presence of individual com-

pounds. Further the colour developed with derivatization agent confirms the 

presence of functional groups including phenols, sugars, and amino acids in 

the fraction. TLC bioautography overlay assays were used to detect antimi-

crobial activity in all fractions using Staphylococcus aureus as the test micro-

organism, and fraction numbers 13–18 revealed a robust antimicrobial inhibi-

tion zone with an Rf value of 0.42 (Zheng et al. 2005).  

 

 
Figure 8. TLC plate analysis of secondary metabolites: A Fraction; B - Crude ex-

tract.  

 

High Performance Liquid Chromatography  

The DCM extracts were analysed through HPLC. These results showed nine 

peaks at different retention time and are represented in Figure 9. Among 

these, the maximum intensity was recorded in the second peak at 7.93 RT. 

The obtained peak was further purified through preparative HPLC and col-

lected for further analysis. HPLC is generally used for the analytical estima-

tion of various compounds. In the present study, the analysis of DCM ex-

tract was performed using reverse phase HPLC column (C-18) with the re-

tention time up to 17.5 min at 258 nm. As a result, nine peaks were observed 

 

Figure 9. HPLC analysis of secondary metabolites from DCM extract. 
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with the retention time of 6.72, 7.93, 9.22, 11.60, 12.26, 13.64, 14.92, 15.59 

and 17.52. The highest intensity (6.72RT) was observed and further bioactivi-

ty evaluations were performed similarly. In the HPLC-PDA, three peaks with 

maximum absorption wavelengths of 246.5, 281.9, and 337.7 nm were identi-

fied in marine bacteria (Zheng et al. 2005).  

 

Sodium Dodecyl Sulphate - Polyacrylamide Gel Electrophoresis  

The crude extract of secondary metabolites of P. leiognathi was analysed in 

10% SDS –PAGE. After electrophoresis, the banding pattern was observed 

as shown in Figure 10. As a result, nine prominent bands were observed and 

the same was compared to protein marker with a molecular range between 

10 to 203 kDa. Several prominent bands are observed in the molecular range 

of the crude extract between 10 to 110 kDa. Bacteriocins are proteins (>10 

kDa) or short peptides (>10 kDa) that differ greatly from antibiotics 

(secondary metabolites) in their mode of action and chemical structure 

(Dobson et al. 2012). Crude toxins in the aqueous extract of Halichondria 

panicea produced nine bands on SDS-PAGE on a 12 percent gel, ranging 

from 14.3 to 116 kDa, with three well-defined bands at 19.5, 39.0, and 66.2 

kDa (Purushottama et al. 2009). To our knowledge, the current study holds 

the novelty of the first ever report regarding the protein band pattern of 

DCM extract produced by bioluminescent bacteria, P. leiognathi. 

 

 
Figure 10. SDS - PAGE analysis of metabolites – 1: Protein Marker, 2: Isolated 

Proteins  

 

Biological Activity 

Antibacterial Assay  

The antibacterial activity showed that the crude extract and the fraction ex-

hibited significant antibacterial activity against all ten pathogenic bacteria, as 

shown in Figure 11 and Table 2. The antibacterial activity was noted for the 

sample in comparison with the standard antibacterial drug Amoxicillin. The 

inhibition zone was observed against all pathogenic bacteria in the range of 

12 mm to 20 mm for both the crude sample and fraction at a concentration 
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of 30 µl. However, the maximum inhibition zone of 20±0.32 mm was ob-

served against Shigella sp. by crude and 15±0.22 mm by a fraction. Secondary 

metabolite of the bacterium P. leiognathi was extracted using DCM to study its 

bioactive potential against human pathogens and its antioxidant capacity. The 

DCM extract showed a broad spectrum of antibacterial activity against the 

six human bacterial pathogens. The sample at a concentration of 30 μg/ml 

presented a maximum zone of inhibition against Shigella sp. When compared 

to the standard drug amoxicillin and minimum inhibition towards P. mirabilis., 

Yalla et al. (2018) reported that the ethyl acetate extract (50 mg/ml) of V. 

furnissi showed wide spectrum activity against S. sonnei (10.6 mm). The micro-

nutrient-rich medium for the growth of bacteria determines the nature of 

metabolite produced by them, and thus, the bioactivity varies accordingly 

(Armstrong et al. 2001; Kelecom 2002). Different antimicrobial compounds 

produced by Photobacterium sp. have been reported. Compounds such as Un-

narmicins A and C, Holomycin, Ngercheumicin A, B, C, D and E are pro-

duced by Photobacterium and showed antibacterial and antifungal activities. 

Antibacterial compounds such as phenol, 2,4-bis (1,1-dimethylethyl) -, In-

dolizine and 1,2-benzenedicarboxylic acid, butyl octyl ester are produced by 

Photobacterium (Ramesh & Mohanraju 2017). However, these compounds 

have not been detected in the current study; antibacterial activity was still sig-

nificant against clinical pathogens.  

 

Table 2. Antibacterial activity of bioluminescent bacteria. 

 

Bacterial pathogen 
Inhibition zone in mm 

Crude (30 µl) Fraction (30 µl) Standard (30 µl)) 

Bacillus subtilis 12±0.32 12±0.36 17±0.18 
Salmonella paratyphi-A 12±0.18 12±0.49 14±0.22 
Salmonella paratyphi-B 12±0.12 12±0.22 15±0.29 

Proteus mirabilis 11±0.49 11±0.31 12±0.11 
Proteus vulgaris 12±0.38 13±0.29 13±0.31 

Klebsiella pneumoniae 15±0.15 12±0.13 25±0.25 
Shigella 20±0.32 15±0.22 30±0.19 

Pseudomonas 7±0.37 7±0.24 7±0.21 
Staphylococcus aureus 12±0.23 12±0.49 10±0.16 

Escherichia coli 17±0.31 10±0.22 20±0.19 

 

Figure 11. Antimicrobial susceptibility assay for extracts of P. leiognathi  
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Antioxidant Assay  

The antioxidant potential of the crude sample was examined using DPPH, 

HRSA, H2O2, and Metal chelating activity (Figure 12). The results of the 

antioxidant activity are reported in Table 3. Total antioxidant capacity using 

the phosphomolybdenum technique is shown in Table 4 Ascorbic acid was 

used as the standard. The DPPH scavenging activity results showed 

98.74±0.18% inhibition for 100 µl of standard and the crude extract showed 

86.21±0.29% at 300 μl of concentration. The difference between standard 

extract and the crude extract is 12.53% which reveals significant DPPH scav-

enging activity. The hydroxyl radical scavenging activity results showed 

98.26±0.21% inhibition for 100 µl of standard and the crude extract showed 

83.11±0.31% at 300 µl of concentration. The difference between the stand-

ard and the crude extract is 15.55% which reveals significant hydroxyl radical 

scavenging activity. The results of the hydrogen peroxide scavenging activity 

showed 89.91±0.19% inhibition for 100 µl of the standard at a concentration 

of 100 μl and the crude extract showed 81.68±0.34% at 300 µl of concentra-

tion. The difference between the standard and the crude extract is 8.23%, 

which reveals significant hydrogen peroxide scavenging activity. Metal chelat-

ing activity results showed 99.12±0.15% inhibition for 100 µl of standard and 

the crude extract showed 98.45±0.35% at 300 µl of concentration. The dif-

ference between the standard and the crude extract is 0.67%, which reveals 

significant metal chelating activity. The total antioxidant capacity was carried 

out using the phosphomolybdenum method where a standard ascorbic acid 

graph was plotted. When 100 μg/ml of the crude extract was evaluated for 

phosphomolybdenum activity, the optical density when compared to the 

Figure 12. Antioxidant activity of Secondary Metabolites of DCM extracts of bioluminescent bacteria Photobacterium leiognathi. 
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standard graph shows that the total antioxidant capacity of the secondary 

DCM crude extract of the bacterial metabolite to be 50.11 μg/ml. Therefore, 

out of 100 μg/ml crude extract, 50.11 μg/ml concentration consists of anti-

oxidants revealing that 50% of the extract has antioxidants. The oxidation 

reaction can produce free radicals which can set off chain reactions that dam-

age cells. Antioxidants stop these chain events by neutralizing or stabilising 

free radicals. The number of active groups has a favourable relationship with 

antioxidant activity (OH or NH2) (Chandra et al. 2020). The study has clearly 

proved that the secondary metabolites identified from the bioluminescent 

bacteria P. leiognathi by GCMS and FTIR have excellent antioxidant proper-

ties. The results of the DPPH scavenging activity were supported by 

(Kumagai et al. 2018). In this activity, crude sample reacts with DPPH and 

reduces the free radicals of the hydroxyl group (Matthäus 2002). As the activ-

ity of DPPH showed a minimum of 40.71±0.34% activity and a maximum of 

86.21±0.29% when compared to standard ascorbic acid, the ability to reduce 

Fe3+ ions may be due to the active compound present in the solvent extract 

(Kekuda et al. 2010). Various disorders related to oxidative stress can be pre-

vented by determining hydrogen peroxide activity (Poongodi et al. 2012). 

ROS like hydroxyl free radical is produced when hydrogenperoxide reacts 

with metal ions (Fe2C and/or Cu2C which leads to a toxic effect; in addition, 

hydrogen peroxide can cross the cell membrane easily (Floyd & Lewis 1983). 

The reducing capacity of a compound may help to improve cell signaling. 

The sample serves as a potential antioxidant activity because it has increased 

reducing power. Although the standard ascorbic acid has a high reducing 

power compared to that of the extract, the antioxidative property presence is 

significant for a crude extract without any purification, thus, the extract has 

the potential to provide electron donors for radical chain reactions.  

 

Table 4. Phosphomolybdenum activity. 

 

Total Antioxidant Capacity - Phosphomolybdenum Method 

Concentration Optical Density at 680nm 

Ascorbic Acid – 10 μg/ml 0.067 

Ascorbic Acid – 50 μg/ml 0.101 

Ascorbic Acid – 100 μg/ml 0.116 

Ascorbic Acid – 250 μg/ml 0.195 

Ascorbic Acid – 500 μg/ml 0.385 

Crude Extract – 100 μg/ml 0.092 

Total Antioxidant Capacity – 50.11 μg/ml 

Concentration 
Percentage of Inhibition 

DPPH Scavenging 
Activity 

Hydroxyl Radical 
Scavenging Activity 

Hydrogen Peroxide 
Scavenging Activity 

Metal Chelating 
Activity 

Ascorbic Acid (Standard) 
– 100μl 

98.74±0.18% 98.26±0.21% 89.91±0.19% 99.12±0.15% 

Extract – 100μl 40.71±0.34% 39.54±0.48% 49.27±0.28% 47.84±0.22% 
Extract – 200μl 68.38±0.41% 62.17±0.32% 59.28±0.22% 53.47±0.18% 

Extract – 300μl 86.21±0.29% 83.11±0.31% 81.68±0.34% 98.45±0.35% 

Table 3. Percentage Inhibition of the Crude Extract. 
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CONCLUSION 

Bioluminescence is an area of surging research especially due to its ties with 

the ocean or the marine environment as many bacteria and other organisms 

either in their free-state or symbiotic relationship express bioluminescence 

which can be used for the human welfare development. To apply biolumi-

nescence for industrial usage, isolation of bioluminescence bacteria must be 

carried out from different sources based on the stable light intensities. The 

current study is the first successful attempt to isolate P. leiognathi from S. ruco-

nius and their morphological, biochemical, and molecular identification was 

documented. Then, crude secondary metabolites were extracted using di-

chloromethane, and their compositional and functional group analysis were 

done using GC-MS and FTIR. Cyclopropane, 1-Butyl-2-(2-Methyl Propyl), 

Oleic acid, Emylcamate, 2-Propenoicn acid, Oxybis(Methyl-2,1-Ethanediyl) 

ester etc., were the functional group identified by GCMS. The FTIR spec-

trum obtained the spectral range of 400 to 4000 cm-1 for the active crude 

sample. Totally, 9 peaks were obtained for crude extract. The extracts were 

also characterized using chromatographic techniques, including TLC and 

HPLC, finally, protein analysis was reported using SDS-PAGE. TLC con-

firms the presence of functional groups including phenols, sugars, and amino 

acids in the fraction. In HPLC, nine peaks were observed with a retention 

time of 6.72, 7.93, 9.22, 11.60, 12.26, 13.64, 14.92, 15.59 and 17.52.  The me-

tabolites were then profiled for their antibacterial activity against ten different 

clinical bacterial pathogens and showed excellent activity. Another important 

bioactivity that was extensively carried out was the antioxidant activity and 

total antioxidant capacity of the secondary metabolites. One of the most im-

portant findings is that the secondary metabolites showed excellent antioxi-

dant activity when studied using different assays and the analysis of the total 

antioxidant capacity revealed that 50% of the extract contains rich antioxi-

dants. These results will be instrumental in developing novel products with 

biosensor and bio imaging applications using P. leiognathi. 
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