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Bacterial Luciferin-Luciferase system is encoded by a set of genes (Lux CDABE). This type of bacteria was gram negative,

facultative anaerobes and most luminescent bacteria have been in different genera Vibrio, Beneckea, Shewanella & Photobacterium

and the bioluminescent bacteria were isolated by smashing the squid sample in the luminescent broth and observed at intervals for

24 hours. Bioluminescent colonies were streaked on luminescent agar medium, TCBS medium and luminescent broth. Further, the

preliminary identification like Gram staining, Motility Test and Various biochemical tests were carried out for identifying the
isolated bacteria and the phylogeny of the isolated bacteria were determined by performing 16SrRNA gene Sequencing Analysis.

Metal toxicity test was done by using metals like Zinc sulphate, Copper chloride and Lead nitrate with different concentration of
metals. It was concluded that the isolated BL-1 strain from the marine organism shows tolerance against certain heavy metals.

[Keywords: Bioluminescence, Marine, Luciferin, Luciferase, squid, Lux gene.]

Introduction

The term “Bioluminescence” was coined for the
first time by ' and the Mechanism is studied °.
Bioluminescene refers to the production of light as
a consequence of conversion of chemical energy
within the living vertebrates and invertebrates and
it is a ubiquitous but randomly dispersed natural
phenomenon’, and this phenomena are exhibited by
bacteria of different genera, such as Vibrio,
Photobacterium, Beneckea and Shewanella * & °
.Bioluminescent bacteria are Gram-negative and
facultative anaerobes that are present in shrimps
and squids ° . Bioluminescent bacteria are ample in
nature when compare to the
animals ’

bioluminescent
Distribution of the luminous bacteria
depends on the climatic change, salinity and
temperature °. For the emission of light the two
important chemicals are required namely luciferin
and luciferase and this was first discovered by
Raphael Dubois. Luciferin is an organic molecule
that is oxidized when the enzyme, luciferase is
present and produces inactive oxyluciferin and
light. Bacterial luciferin is found within the
particular tissues of squids, shrimps and other
fishes. A luciferin called coelenterazine is notably
present in shrimps, squids, jellyfishes and fishes °.

The reaction of bioluminescence is catalysed by the
enzyme called luciferase and it is coded by the
genes lux AB '°. Bacterial luciferase is a 77 kilo
Dalton chimeric protein of two identical subunits,
namely A and B coded by 2 adjacent genes called
lux A and lux B that forms the regulated lux operon
.Later it was discovered that the fatty aldehydes and
FMNH, are essential for the emission of light from
the luminous bacteria.

The luminescent reaction was carried out by 2
steps.

FMN+NADH+H e >FMNH,+NAD"
(FMN-Reductase)
FMNH,+RCHO+Oy-------------- >FMN+RCOOH+H,0+Light
(Luciferase)

This reaction was discovered by ' ¢ '“The
dissolved oxygen, the reduce flavin
mononucleotide and a long chain aldehyde are the
main key substrates for the light emission "*. TCBS
medium was used as the best selective medium for
the isolation of vibrio species, and for some strains

of Shewanella that may produce slight growth on it
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', Bioluminescent bacteria are heterophic bacteria
and gram negative rods "° & '°.

Materials and Methods

Different types of samples were collected from
the Mahabalipuram beach and from the Marina
beach, using sterile container and brought to the
laboratory for further processing. Sea water, soil
and Fish samples were collected from Chennai and
brought to the laboratory for further processing.
And a different variety of shrimps and squid were
purchased from the market on seacoasts. Using
mortar and pestle the variety of fish samples were
smashed. Shrimps and squid were transferred to the
separate 500 ml conical flask and added to the
Luminescent medium broth (Sea water- 1000 ml,
Yeast extract — 5.0 g, Glycerol — 3.0 g, Calcium
chloride — 1.0 g, Tryptone- 5.0 g) and incubated
under the anaerobic condition in the dark room and
observed under dark. Transferred the sample to the
luminescent broth and kept for incubation in the
dark room. luminescent agar (Sodium chloride —
10.0 g, Yeast extract- 5.0 g, peptone- 10.0, Agar-
15.0, Distilled water- 1000 ml) was chosen as a

PCR conditions:
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selective medium to perform a spread plate
technique. A quadrant streaking was performed in
both luminescent agar plate and Thiosulphate
citrate bile salt agar (TCBS) plate. (Tab.1, 2 and 3).

The morphological characterization was performed
to determine the morphology of the bioluminescent
bacteria and the Gram staining method was done
for identification and Motility test was done using a
hanging drop method. Biochemical assays such as
catalase, oxidase, amylase urease, glucose, sucrose,
lactose, maltose arabinose, indole, methyl red,
Voge -proskauer and citrate test was performed.
Antibiotic sensitivity test were done by using
Kirby- Bauer disc diffusion method and 2% sodium
chloride was added to the Muller Hinton agar '’.

Molecular Analysis

The genomic DNA was isolated from the bacterial
culture and subjected to the PCR amplification and
the 16STRNA gene amplification was carried out
using the primer sets 27F (5°-
AGAGTTTGATCFCCTGGCTCAG-3> " and
1492R (5’-GGTTACCTTGTTACGACTT-3" "

95°C 94°C 55°C 72°C 72°C
5 min 1 min 1 min 1 min 1 min
1 cycle 30 cycles 30 cycles 30 cycles 1 cycle
The PCR amplification end product was The metal toxicity test consists of three

electrophoresed on a 1% agarose gel with
molecular markers. The targeted gene was
sequenced using Applied Biosystems 3730 x 1
DNA Analyzer and the sequence data analysis was
performed by using chromopro and sequencing
analysis software. The BLAST tool was used to
identify the homogeneity of the sequence *.

Heavy metal Toxicity testing

The toxicity testing for heavy metals was
performed using agar dilution method *'and 2% of
sodium chloride was added to the Muller Hinton
agar *> with various concentrations of metals like
Zinc sulphate, Copper chloride and Lead nitrate. 20
ml of media was poured on to the plates and the
isolated strain was inoculated and incubated at 37°
C. (Tab. 4)

independent samples and it performed at three
different concentrations for three times to obtain
the triplet value and was recorded. Results were
shown as mean = S.D values.

Results

The isolation of bioluminescent bacteria was
carried out in three different samples like sea water
sample, soil sample and fish samples and finally the
bioluminescent bacteria were isolated from the
smashed squid sample with Luminescent broth and
after the incubation period, the light emission was
observed. ( Fig. 1).
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Fig. 1-Bioluminescent bacteria in dark

1 ml of sample was taken from smashed squid plate technique and kept at room temperature for
sample and after serial dilution it was transferred to incubation period and it produces large, Mucoid,
the luminescent agar plate for performing spread Salmon color colonies. (Fig. 2 and Fig. 3).

Fig. 3- Bacterial colonies in luminescent agar plate Fig.4- Bacterial colonies in darkness
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The isolated colonies were picked from the temperature, and after incubation period, it

luminescent agar plate and it was inoculated in emits light in the luminescent broth. (Fig. 4)

the luminescent broth and kept at room

Fig. 5-Bioluminescent bacteria in luminescent broth

The colonies were taken from the luminescent incubation, the yellow color colonies were
agar plate and the quadrant streaking method was observed.
done in TCBS plate and after 24 hours of

Morphological Characterization

PRELIMINARY TEST RESULT
Gram staining Gram negative rods
Hanging drop method Motile

Tab.1 — Preliminary Test

Biochemical characterization

BIOCHEMICAL TEST RESULT
Catalase Positive
Oxidase Positive

Amylase Negative
Urease Negative
Glucose Negative
Sucrose Negative
Lactose Negative
Maltose Negative
Arabinose Negative

Indole Negative
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Methyl Red Negative
Voges Proskauer Negative
Citrate Negative

Tab. 2 — Biochemical Test

Disk Diffusion Method

ANTIBIOTICS RESULT
Penicillin Resistant
Ampicillin Resistant
Tetracyclin Susceptible
Amikacin Susceptible

Tab. 3- Antibiotic Test

Molecular Characterization

1500 bp

750 bp
500 bp

250 bp

T - Test sample

M- Molecular marker

Fig. 6 - PCR analysis of 16S rRNA gene DNA Band

1803
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The sequence was identified to be:

>0ciSeq_BlI1_16SF 095.abl
TTGGGAAAAGGATTGACCGAAGGCGGGCGCGACGGGTGAGTAATGGCCTGGGAATTTGCCCATTTGTGGGGGAT
?ég:.gzcGACTGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGACCTTCGGGCCTTGCGCTGATGGATA
ég(lzggéATTAGCTAGTAGGTGAGGTAAAGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAG
%(C}CA}gigTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGGGAAACCCTGA
zcggég(c}gGTGTGTGAAGAAGGCCTTCGGGTTGTAAAGCACTTTCAGCGAGGAGGAAAGGGTGTAAGTTAATACC
E?g(Tjé/TXCGTTACTCGCAGAAGAAGCACCGGCTAACTCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCGAGCG
E]C“}/X:TISFACTGGGCGTAAAGCGTGCGCAGGCGGTTTGTTAAGCGAGATGTGAAAGCCCCGGGCTCAACCTGGGAA
ggggﬁzcTGGCAAACTAGAGTCTTGTAGAGGGGGGTAGAATTCCAGGTGTAGCGGTGAAATGCGTAGAGATCTG
?:gg(?éTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGCACGAAAGCGTGGGGAGCAAACAGGATT
é?g(]}?AC(C}TCCACGCCGTAAACGATGTCTACTCGGAGTTTGGTGTCTTGAACACTGGGCTCTCAAGCTAACGCATT
é:ggéCCTGGGGAGTACGGCCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCA
?SZ??(?E}ATGCAACGCGAAGAACCTTACCTACTCTTGACATCCACAGAATCTTGGCAGAGATGCATCGGTGCCTT
/nggg?GAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTGTGAAATGTTGGGTTAAGTCCCGCAACGAGCGCA
:(Tj(CZ(CZ%ICTTGCCAGCGGGTCATGCCGGGACTTAGGAGACTGCGTGATAAACCGAGAGGTGGGGACGACGTCAGT
gé?é??ACGAAGTAGGCTACACACACGTGCTAC

>OciSeq_Bl1_16SR_093.abl
AAGAAATAGGAACCAGCCAAAAAAATAACGCCCTCACCAAGAACAATCCAACTACTTGCTGGTGCAGACCACTC
ggﬁzgicGGGCGGTGTGTACAAGGCCCGGGAACGTATTCACCGTGGCATTCTGATCCACGATTACTAGCGATTC
gS{?gg}iGTCGAGTTGCAGACTCCAATCCGGACTACGACCAGCTTTATGGGATTAGCTCCACCTCGCGGCTTCGCA
é]c“glc“zcTGACCATTGTAGCACGTGTGTAGCCCTACTCGTAAGGGCCATGATGACTTGACGTCGTCCCCACCTTCC
}E%SECACCGGCAGTCTCCCTAAAGTTCCCGGCATGACCCGCTGGCAAGTAAGGATAGGGGTTGCGCTCGTTGCG
?g:ggcAACATTTCACAACACGAGCTGACGACAGCCATGCAGCACCTGTCTCACAGTTCCCGAAGGCACCGATG
gé(T}(i}S\ATTCTGTGGATGTCAAGAGTAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACATGCTCCACCGCT
égé%ccCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCTACTTAATGCGTTAGCTTGA
88/(3((}:TGTTCAAGACACCAAACTCCGAGTAGACATCGTTTACGGCGTGGACTACCAGGGTATCTAATCCTGTTTGC
/Tx((j?((j}(é(%TTCGTGCCTGAGCGTCAGTCTTTGTCCAGGGGGCCGCCTTCGCCACCGGTATTCCTCCAGATCTCTACGC
QEEE}CCTACACCTGGAATTCTACCCCCCTCTACAAGACTCTAGTTTGCCAGTTCGAAATGCGGTTCCCAGGTTGAG
gg(é?%CACATcTcGcTTAAcAAAccGccTGCGcAcGCTTTAcGCccAGTAATTCCGATTAACGCTCGCACCCTC
%/C\}(I;ég}cGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGAGTAACGTCACAGATGCAAGGTATTAACTTAC
?gggTTCCTCGCTGAAAGTGCTTACACCCGAAAGGCCTTCTTCACACACGCGGCATGCTGCATCAGGTTTCCCCAT
Z$Z$€CCCACTGCTGCCTCCCGTAGAGTCTGGGCGTGTCTCAGTCCATGGTGGCTGATCATCCTCCTCAGACCAG
S}TA[Z(T}CC}GTCGCCCTAAGGGTGAGCC
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In silico analysis of 16S rRNA sequencing of
the isolates was performed using BLAST, which

suggest BL-1 strain is 98% similar to

Shewanella algae.

Name of the salts Salt concentration (pg/ml) Mean + SD
Zinc Sulphate 100 46.33 +1.15
500 47.33 £0.57
1000 45.66 £0.57
Copper Chloride 100 47.33 £0.57
500 44.00 £ 1.00
1000 43.00+£1.73
Lead Nitrate 100 46.00 £ 1.00
500 43.00+1.73
1000 37.66 +0.57

Tab. 4 - Heavy metal Toxicity Test

Discussion

Bioluminescence is the natural process of emission
of light by the living organisms. Many of the
prokaryotic organisms, especially bacteria were
identified to be potential emmitants of
bioluminescence. Bioluminescent bacteria were
abundant in marine environment » and the marine
luminous bacteria have been isolated from sea
water >* and extensively distributed in the coastal
The bioluminescent bacteria
phylogenetically belongs
Proteobacteria class with 14 species of marine
organism in the family vibrionaceae ans
shewanellaceae *°. The bioluminescence exhibited
by the bacteria in studied. The
Bioluminescent bacteria were isolated from squid
sample and subjected to both microbiological and
molecular characterization, which revealed that the
bioluminescent bacteria (BL-1 strain) it to be 98%
similar to Shewanella algae. It shows resistance to
the heavy metals like Zinc sulphate, Copper

region.
to the the Gamma

squid was

chloride and Lead nitrate at various concentrations
so it’s concluded from this study that the isolated
BL-1 strain shows resistance against the 3 heavy
metals.
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