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ABSTRACT

The bioluminescent bacteria are highly diverse and abundant in the marine ecosystem and are commonly subsisted on
the surface of several marine flora, fauna, open seawater, and in digestive tracts of marine fish. The present study aims to
isolate the bright strain,Photobacterium sp. from marine fish and study its growth kinetics and physicochemical
characteristics for over24 hours. The growth kinetic study revealed optimized temperature and pH as 25°C and 7.5 for
bioluminescent bacterial sustainability, respectively. Also, the molecular and phylogenetic analysishave prophesied the
isolated strain as Photobacterium leiognathi. Further, the strain was evaluated for primary pathogenicity and found to
have no toxicity through hemolytic assay.The isolated strain,P. leiognathiwas also assessed for Heavy metal analysis and
showed more sensitivity with Mn, Zn, Se, and Cu elements. Therefore, the study achieves that the bright bacterial isolate
was isolated as P. leiognathi with no pathogenicity and thus could also be used as a marker for selected heavy metal
identification due to their heavy metal sensitivity.
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INTRODUCTION

Bioluminescence is a beautiful fragment of the ocean which is produced through the phenomenon of a
natural living organism by the chemical reaction. As the sun sets on the horizon, glimpses of nature could
observe the occurrence of glittering glow appearing in the ecosystem which could have been fascinated
by its attractiveness, shown by the variety of organisms, it is called bioluminescence. In the dark
environment, bioluminescence organisms are very easy to maintain and have evolved through brighter
light lacking response by aflame a small number of fossil fuels, and thus are called living light.
Bioluminescence is one of the property can magnificent the benefits of ocean livelihood towards the
human population and which could also add beauty to the sea [1]. Since 1600 A.D. this fascinating
phenomenon has had an ancient history [2], and its mystery is well known [3]. Bioluminescent bacteria
are highly diverse and abundant marine microorganisms. The bioluminescent-producing bacteria are also
attached tothe surface of several marine flora and fauna. Bioluminescent bacteria are commonly present
in marine water and normally prevail in the digestive tracts of marine fish. Some luminescent bacteria are
symbiotic in marine fish and squid, they abide in light organs and sometimes dwell on the surface of the
fish. The importance of bioluminescence in nature is to attract prey, deter predators, camouflage, and aid
in hunting [4].The gross health of the microorganisms and the bioluminescence reaction is reflexed by the
bioluminescent intensity with reflex actions and an expansive range of sensitive toxic substances.
Additionally to this, marine microorganisms possess the proficiency to endure very low temperatures and
high salinity [5].

In the past decades, the studies of bioassay on toxicants using bacteria as a sensing organism have been
promoted because of their sensitivity, ease to use, cost-effective and fast responses for detection and
evaluation of environmental toxicity [6], [7], and [8]. The significance ofthe application of luminous
bacteria in different aspects has been studied [9]. This bioluminescenceis used for sensing and hygiene
control for many industries such as fish and milk industries, moreover,bioluminescence-based assays
apply for mapping pollution in the ecosystem and sensing pH. Metal ions, transmembrane potential, drug
molecules, other metabolites, gene assays, the observation of protein-protein interactions. The
bioluminescent bacteria act as biosensors for various marine environmental studies such as toxicity tests
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and water purification [10]. And these bacteria monitor different environmental pollutants also, such
asair, seawater, sediment, soil, surface water, groundwater, and tap water [8]. The biosensor is a
methodical device that uses gratitude constituent habitually biomolecules, to the analyzed contaminant
[11].

The biosensor is a methodical device that uses biological gratitude constituent habitual biomolecules, to
an analyzed contaminant [11], [12]. Biosensors are cheap, rapid, selective, and usually specific. Based on
several criteria, biosensors could be categorized as affinity and catalytic depending on the activities of the
bio recognition elements [13]. They can be classified (based on bio recognition element used) as an
enzyme, nucleic acid,cofactor, antibody receptors, organelle, cells, tissues, liposomes, molecular
imprinted polymers, and microbial biosensors [13], [14] stated that the choice of biological response
agent depends on the analyte, specificity, and storage environmental stability. Microbial biosensors
immobilize the microorganisms on a transducer for the detection of analytes. Though numerous
microorganisms could be used as microbial biosensors, only bacteria are ideal as they are major
constituents of several environmental biotic community and they control most of the ecosystem functions
in terms of biogeochemical cycling [15]. Whole-cell bacterial biosensor generally operates on the
principle of bioluminescence and can be constitutively expressed (bioluminescent in the absence of the
toxicant) or induced (bioluminescent in the existence of a specific substrate) (Tablel). Numerous
bacterial biosensors with anecdotal detection limits have been developed and successfully applied by
[16]. The detection capacity of bioluminescent biosensors ranges from rather a negligible level to very
high contaminant concentrations [11].

MATERIAL AND METHODS

Isolation of Bioluminescent bacteria

Ponyfish, Secutorruconius was collected from the Mudasalodai landing center. Live fish was collected and
protected from sunlight. The fish was transferred to an icebox and carried to the laboratory for further
analysis. They were washed with 1% sodium hypochlorite mixed with sterile seawater to remove loosely
bounded organisms and dirt. The sample was swabbed below the scale lining the bioluminescent region
of the fish and spread over a Zobell Marine Agar plate. The plates were prepared in triplicate and
incubated at RT for 1 d in dark. All the techniques were performed in strict aseptic conditions and in
complete darkness. A single luminescent colony was observed after the incubation period. The
luminescent bacterium was isolated from the mother plate and sub-cultured until single colony formation
in luminescent Agar.

Screening of Bioluminescent bacteria

Subsequently, isolated single colonies have undergone screening for the characterization of phenotype
and genotype.The genotype characterization was carried out by 16S rRNA gene sequence analysis. The
screening of the colonies was done through the gram staining and TCBS Agar test followed by starch agar
test and the plenary biochemical test including Catalase, Oxidative, Nitrate reduction, Methyl red test,
Indole formation, and Voges- Proskauer.

Hemolytic assay

Hemolytic activity is regarded as the preliminary test for pathogenicity. Blood agar plates were used to
scrutinize bacteria separately for their proficiency to produce blood hemolysis. The blood agar media was
prepared after cooling, chicken and lamb blood were added and mixed well and then poured into the
plates. The blood was freshly assimilated freshly and ethylenediamine tetraacetic acid (EDTA) to prevent
coagulation. Subsequently to solidification of a blood agar plate, the bacteria were deliberately streaked
and then incubated at 35°C for the period of 24 hours. Followed by incubation the various activities were
observed.

pH Optimization

The luminescent broth preparation was accomplished by various pH values arranged in ascending order
from minimum to maximum values such as 2.5, 3.5, 4.5, 5.5, 6.5, 7, 7.5, 8.5.9.5, 10.5, and 11.5. The pH was
adjusted in the broth considering both acid and base. This calibrated pH broth was then autoclaved, later
from the cooled mediaone loop of bioluminescent bacteria from stationary culture was added and
allowed to incubate for 24 hours. Then the highly intensive culture was observed through naked eyes in a
dark room along with the OD values

Temperature Optimization

Further, LB broth was prepared and 10pl bacterial culture was added to it and then this was kept aside
for incubation at contrasting temperatures with intervals of 5, up to 40°C. After the incubation
absorbance was measured every two hours at 600 nm till it reached the death phase.
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Growth curve

The growth curve depicts the accumulation of the population of cells in liquid culture and is obtained by
the measurement of optical density (OD) of cell populations. The simplest method to support strength
beginning growth curves is by approximation of the growth rate (i.e., Malthusian parameter) through the
exponential growth phase, using the grade record of the growth curve.

The overnight culture was prepared by inoculating pure colony into 100ml of LB broth and it was
incubated. The absorbance was measured at 600nm every two hours of an interval, till the broth reached
the death phase.

Heavy metal sensitivity assay

Heavy metal sensitivity assay was performed to study its sensitivity as a natural biosensor to detect ten
common metal ions such as mercury, cadmium, zinc, copper, selenium, cobalt, and magnesiumin the form
of mercuric chloride, cadmium, coarse powder, zinc sulfate, selenium dioxide, cobalt sulfate, both
magnesium carbonate, and magnesium sulfate. Concentrations of 10mM into 30pL, 60pL, and 90uL were
tested, following the method as described by [17] with slight modifications. Stock solutions of 1M of all
heavy metal were prepared by dissolving each of these in an appropriate volume of distilled water and
agitated until complete homogenous solutions were achieved. Stock solutions were further diluted to
10mM concentration and used in the study.

Agar well diffusion method was performed by the metal sensitivity test followed by [18] slightly modified.
NaCl (3%) was mixed with Mueller Hinton agar and poured in to plate and the overnight culture broth
was swabbed on the entire surface of the plates. A sterilecork borer was used to make Wells was on these
plates and added with three different concentrations of all theheavy metal solutions were and then
impregnated into the wells.Plates are allowed to incubate 24 hours at room temperature and zones of
formation were measured. In this method,a highly rapid and consistent heavy metal analysis process was
involved. The nutrient broth was also used for the analysis of heavy metals based on time.

RESULT

Screening of Bioluminescent bacteria

A bioluminescent bacterium was isolated from a marine fish sample. The strain showed higher
luminescence intensity in the luminescent agar as compared to the Zobell Marine Agar. The isolated
bacteria were isolated on Luminescent agar and subcultured in the same media. The morphological
appearance of these strains exposed different individuality related to Photobacterium. The bacterium
exhibited green colonies on TCBS Agar and they were showed catalase-positive, Gram-negative, motile,
short, rod shape, and similar in nature to colonies of photobacterium. The isolates were also found to
exhibita small colony size with convex elevation. The isolated colonies were showedpositive oxidase,
nitrate reduction, and methyl red test. Indole formation was not found, nevertheless, they were positive
to Voges-Proskauer.

The genotypic characterization of isolated colonies through the 16S rRNA gene sequence expressed their
group in separate clusters related to Photobacterium.16S rRNA gene sequence of the strains was found to
show a sequence similarity range of 99% for Photobacterium species in the GenBank database.
Phylogenetic analysis of 16s rRNA gene sequences of the strains wasobtained with the top three BLAST
search hits and found unambiguous clustering in distinct groupsofPhotobacteriumleiognathi.The same
sequence of photobacterium strain was submitted to the GenBank database and published with the
accession numberMW854409.

pH

Bioluminescence isnot significantly affected by pH in a liquid medium. However, the result was found
optimum pHat the range between 6.5 to 8.5 (Graph 1) for the encouraging sustenance of luminescence by
luminescent bacteria. Amusingly, all the isolates circumscribed exhibited substantial luminescence in
broth with pH 11.

Temperature

The temperature has played an extremely critical role in bioluminescence. Although the bacteria grow
well at 20 to 30°C the optimized temperature for bioluminescent bacteria was foundat 25°C (Graph 2).
Bacterial Growth

The isolated photobacterial growth was analyzed for 24 hours along with itsbioluminescence intensity
variations.The study results showed that bioluminescent bacteria were found to attain theiroptimum
level of growththat around16hoursof incubation and the maximum fluorescence intensity of the bacteria
was observed within 8 hours from the inoculum. Further, the most favorable culturing time duration was
also found as 8-16 hours, of incubation to ensure good quality signal of emission (Graph3).
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Pathogenicity of photo bacteria

The consequences of hemolytic activity of photo bacteria were evaluated on chicken and goat blood agar.
The assay result depicted that the photo bacteriahas no hemolytic property towards any blood cells like
erythrocytes, platelets, and lymphocytes.

Photobacterium as a biosensor for heavy metals

These bioluminescent bacteria were subjected to check the toxicity of heavy metals. The sensitivity assay
showed better metalresistance to cadmium and sensitivity to remaining heavy metal at all tested
concentrations i.e, 10mM to 30ul, 60ul, and 90ul. Based on the inhibition zones, the sensitivity was
observed for cadmium (Fig. 2) and the maximum zone of inhibition was observed for magnesium with
30mm, 35mm, and 40mm of zone formation for the concentration of 30, 60, and 90y, respectively.

Fig-1lIsolation bioluminescent bacteria in dark condition

Fig -2Isolation of bioluminescent bacteria in light
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Fig -4 Optimized pH checking in light and dark condition
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Graph3. Growth curve of bioluminescent bacteria
Heavy metals o 60l W Negative
Manganese sulfate 30mm | 35mm 40mm -
Zinc sulphate 10mm | 20mm 30mm -
Copper sulphate 10mm 15mm 20mm -
Cadmium coras - - - -
Mercury chloride - 8mm 14mm -
Cobalt sulfate 8mm 17mm 25mm -
Magnesium carbonate - 5mm 10mm -
Seleninum dioxide 15mm | 24mm 30mm -

Table 1. Zone of inhibition for heavy metal analysis
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Fig -5: Heavy metal sensitivity assay

DISCUSSION

The bioluminescent bacteria were isolated from Ponyfish and characterized through biochemical
assays.The bacterium was purified on luminescent agar and wasexhibited green-colored colonies on TCBS
Agar.Naturally, photobacteriumwas Gram-negative, motile, short, rod-shapedsmall colonies with convex
elevation. Hence, the luminescent bacteria isolated from pony fish also revealed the same characteristics
along with catalytic, oxidase, andnitrate reduction properties[19]. In addition, photobacterial isolate has
produced acetyl methyl carbinol from aerobic fermentation but failed to form Indole in the biochemical
assay[20]. Therefore, the phenotypic characteristics and biochemical properties of bacterial isolate have
revealed the characteristic features of photobacterium with better reliability.

The photobacterial isolate was also subjected to molecular level identification through 16s rRNA
sequence similarity analysis and found to produce a better match percentage with P. leiognathispecies.
The same sequence was published in the GenBank with the accessionnumber MW854409. In accordance
with[21], the isolates could be classification at species-level identification based on the 16S rRNA
sequence resemblance asa minimum of 97% with the existing species.Hence, the isolate has showna cent
percent sequence similarity with P.leiognathi, thus the culture was identified asPhotobacterium leiognathi
species. Moreover, the study reveals that Photobacterium speciescolonization and distribution might
depend on the physiology of the host and environmental condition [22]. The preceding studies also
elucidated extensive polymorphic characteristics ofluminous bacteriaat their genome level [23].

The pathogenic bacteriahave the abilityto lyse the entire cell of erythrocytes by hemolysin throughf-
hemolysin activity[24]. Further, the isolated strain does not producehemolysins,then it would not
produce any toxicity to the healthy cells. The isolated photobacterial strain has not shown any hemolytic
activity and is not involved in the infection process. Thus, the culture was found to have no toxic effect
and was harmless to experiment with various applications. Since the bacterial strain was found to be
nonpathogenic, it might alsobe havinga shared symbiotic relationship with the host organisms[25].
However, the pH and temperature have a crucial role in bioluminescence bacterial strain growth and the
ability to produce luminescence in the broth medium. The present studyresult reveals thata pH range
between 7.0 and 8.5 wasfound as optimum for the good sustenance and growth as well as luminescence
character of bioluminescent bacteria. Supportively,[5] also recorded the same range of physical
parameters for luminescence bacterial growth and their sustainability. Nevertheless, the study has also
been proved that temperature significantly acts as[18]the most important parameter in bioluminescent
bacterial growth and luminescence property. The bioluminescent bacteria could only grow atan
optimized temperature between 24-25°C. Hence, the temperature variation drastically impacts the
bacterial growth and luminescence character, which won’t produce any fluorescence. Moreover, the
growth study has elucidated that the optimum physicochemicalparameters could attainthe late
logarithmic phase of Photobacterium leioghnathi bacterial growth at around 16hours from the inoculums.
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Photobacteriumis widely used in various fields such as medical, diagnosis, and molecular techniques due
to its fluorescence property. Biosensing is another application of luminescence bacterial strains. The
photobacterium could emit the fluorescence light which reacts with the sensitive heavy metal. Hence, the
photobacteriumwas also evaluated for the ability of heavy metal sensitivity by rapid toxicity assay and
found the better sensitivity activity for magnesium, zinc, copper, and cobalt metallic elements. Therefore,
the photobacterial isolates can be used to evaluate the onsite metal pollution in the water. [26] also
stated that the bioluminescent strains have been immensely recommended for onsite observation of
heavy metal water pollution. In addition,the isolated Photobacterium sp. have showna better response for
heavy metal pollutantslike Mercury, copper, and silver in seawater [27], [28], [29] have studied the heavy
metal resistance property of luminous bacteriaV. campbellii LZ5 was isolated from the meat of
Crassostreagigas and found to show better metal resistanceproperties for cadmium and mercury metals.
Therefore, the present study reveals that the isolated Photobacterium leioghnathistrainwas found to be
sensitive enough for various toxic heavy metal ions and that could make the bacterium an excellent choice
for the biomonitoring of heavy metal pollutants in the environment.

ACKNOWLEDGEMENTS

The authors were grateful thanks to the Department of science and technology (DST), Govt. of India for
providing financial support under the program ‘ National Facility for Marine Natural Products and Drug
Discovery Research [ G4(2)/21343], Ministry of Earth Science (MoEs)[G4(2)/14748/2016] under drugs
from the sea] and the authorities of Annamalai University for providing necessary facilities.

REFERENCES

1. Herring, P]. (1987). Systematic distribution of bioluminescence in living organisms. Journal of Bioluminescence
and Chemiluminescence. 1:147-163.

2. Lee ] (2008)."Bioluminescence: the First 3000 Years (Review)".Journal of Siberian Federal University.
Biology. 1 (3): 194-205.d0i:10.17516/1997-1389-0264

3. Dunlap, P. V. and UrbanczykH. (2013). Luminous Bacteria, p. 495-528. In E. Rosenberg, E. F.DeLong, F.
Thompson, S. Lory, and E. Stackebrandt (ed.). Prokaryotes, 4th ed. Springer-Verlag, Berlin.

4. Noor Aini Yaser, MohdFaiz Foong Abdullah, Aslizah MohdAris , Iwana Izni Zainudin.(2014). Isolation And
Identification Of Bioluminescent Bacteria In Squid And Water Of Malaysia. Journal of Advances in Agricultural &
Environmental Engg. (IJAAEE) Vol. 1, Issue 2 : 234-237.

5. Kannahi, M., Sivashakari, (2014). Isolation and identification of bioluminescent bacteria from marine water at
Nagapattanamsea shore. Int. J. Pharm. Sci.Rev., 26(2) 346-351.

6. Froehner, K., Backhaus, T., &Grimme, L.H. (1999). Bioassays with Vibrio fischeri for the assessment of delayed
toxicity.90

7. Kudrysheva, N.S. (2005). Bioluminescence and exogenous compounds: Physicochemical basis for
bioluminescence assay. Journal of Photochemistry and Photobiology B: Biology 83: 77- 86.

8. Girotti, S, E. N. Ferri, M. G. Fumo, and E. Maiolini. (2008). Monitoring of environmental pollutants by
bioluminescent bacteria. Anal. Chim. Acta. 608: 2-29.

9. Fernandez-Pifas, F., I. Rodea-Palomares, F. Leganés, M. Gonzalez-Pleiter, and M. A. Mufioz-Martin. (2014).
Evaluation of the Ecotoxicity of Pollutants with Bioluminescent Microorganisms, p. 65-135. In G. Thouand, and R.
Marks (ed.). Bioluminescence: Fundamentals and applications in biotechnology-Vol. 2. Springer-Verlag, Berlin,
Heidelberg.

10. Halldorson, V.S.N. and N.L. Duran, (2003). Bioluminescent bacteria: Lux genes as environmental biosensors.
Braz. ]. Microbiol,, 34.

11. Thacharodi A, Jeganathan C, Thacharodi D (2019) Biomonitoring of Heavy Metal Pollution by Bioluminescent
Bacterial Biosensors. Indian Journal of Science and Technology 12: 15.9. Pini F, East

12. Pini, F, East, A. K,, Appia-Ayme, C,, Tomek, ]J., Karunakaran, R., Mendoza-Suarez, M., Edwards, A., Terpolilli, J. J.,
Roworth, ], Downie, J. A, & Poole, P. S. (2017). Bacterial Biosensors for in Vivo Spatiotemporal Mapping of Root
Secretion. Plant Physiology, 174(3), 1289-1306.

13. Griffin GD, Stratis Cullum DN (2009)Biosensors. EncyclMicrobiol 88-103.

14. D souza SF (2001) Microbial biosensor. Biosensors and Bioelectronics. https://doi.org/10.1016/S0956-
5663(01)00125-7.

15. Maderova L, Watson M, Paton GI (2011) Bioavailability and toxicity of copper in soils:Integrating chemical
approaches with responses of microbial biosensors. https://doi.org/10.1016/j.s0ilbio.2011.02.004

16. Gupta S, Saxena M, Saini N, Kumar R, Kumar A (2012) An effective strategy for a whole-cell biosensor based on
putative effector interaction site of the regulatory. https://doi.org/10.1371/journal.pone.0043527

17. Gellert, G. (2000). Sensitivity and significance of luminescent bacteria in chronic toxicity testing based on growth
and bioluminescence. Ecotox. Environ. Safe. 45: 87-91.

18. Bauer, A. W, W. M. M. Kirby, J. S. Sherris, and M. Turk. (1966). Antibiotic susceptibility by standardized single
disc method. Am. J. Clinical. Pathol. 45: 493-496.

19. Farmer Il ].]., and F. W. Hickman-Brenner. (2006). The Genera Vibrio and Photobacterium. Prokaryotes. 6: 508-
563.

BEPLS Vol 11 [6] May 2022 194|Page ©2022 AELS, INDIA


https://doi.org/10.1016/S0956-
https://doi.org/10.1016/j.soilbio.2011.02.004
https://doi.org/10.1371/journal.pone.0043527

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Thirukumar et al

Noguerola, I, and A. R. Blanch. (2008). Identification of Vibrio spp. with a set of dichotomous keys. ]. Appl.
Microbiol. 105: 175-185.

Thompson, F. L., T. lida, and ]. Swings. (2004). Biodiversity of Vibrios. Microbiol. Mol. Biol. Rev. 68: 403-431.
Kaeding, A. ], J. C. Ast, M. M. Pearce, H. Urbanczyk, S. Kimura, H. Endo, M. Nakamura, and P. V. Dunlap. (2007).
Phylogenetic diversity and cosymbiosis in the bioluminescent symbioses of —Photobacterium mandapamensis*.
Appl. Environ. Microbiol. 73: 3173-3182.

Dunlap, P. V., A. Jiemjit, J. C. Ast, M. M. Pearce, R. R. Marques, and C. R. Lavilla-Pitogo. (2004). Genomic
polymorphism in symbiotic populations of Photobacterium leiognathi. Environ. Microbiol. 6: 145-158.
Vandenesch, F., Lina, G., & Henry, T. (2012). Staphylococcus aureus hemolysins, bi-component leukocidins, and
cytolytic peptides: a redundant arsenal of membrane-damaging virulence factors?. Frontiers in cellular and
infection microbiology, 2, 12.

Johnson, C. N. (2013). Fitness Factors in Vibrios: a Mini-review. Microb. Ecol. 65: 826-851.

Johnson, I, Hutchings, M., Benstead, R., Thain, ]J. and Whitehouse, P. (2004) Bioassay selection, experimental
design and quality control/assurance for use in effluent assessment and control. Ecotoxicology 13, 437-447.
Mohad Izuan Effendi Halmi -Adibah Kassim ,Mohd Yunus Shukor,2019.Assessment of heavy metal toxicity using
aluminescent bacterial test based on Photobacterium sp. strain MIE.RendicontiLincei. ScienzeFisiche e
Naturalihttps://doi.org/10.1007/s12210-019-00809-5.

Hong Y, Chen Z, Zhang B, Zhai Q (2010) Isolation of Photobacterium sp. LuB-1 and its application in rapid assays
for chemical toxi- cants in water. Lett ApplMicrobiol 51:308-312.

Liu, Z,, J. Zhao, X. Liang, K. Lj, X. Xiao, ]. Zhu, Q. Sun, and Q. Liang. (2012). Characterization of luminescent Vibrio
campbellii LZ5 and its potential application in the detection of environmental heavy metals. Biotechnol. Appl.
Bioc. 59: 405-410.

CITATION OF THIS ARTICLE

Sangeswari T, Sivakumar L, Srichandan R, Uthra S, Arumugam M. Isolation and characterizationof bioluminescent
bacteria Photobacterium leiognathi from Pony fish Secutorruconius. Bull. Env. Pharmacol. Life Sci, Vol 11[6]May
2022:187-195

BEPLS Vol 11 [6] May 2022 195|Page ©2022 AELS, INDIA


https://doi.org/10.1007/s12210-019-00809-5.

