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ARTICLE INFO ABSTRACT

The Vibrio/photobacterium and Vibrio Anguillarum identified using 16s rRNA gene
from Lutjanus argentimaculatus and Leiognathus equulus respectively were exposed to
different concentrations of selected heavy metals. Heavy metals normally found in
contaminated water and soil were magnified in three different concentrations 1000x,
100x, 10x. Baseline data for these metals were based on the Philippine National
Standards for drinking water (PNS) and the US Environmental Quality Standards for
Soil Pollution. Bioluminescent bacteria were streaked in petri dishes of equal sizes. Ten
replicates were made for every concentration and distilled water served as the control.
The luminosity of the bioluminescent bacteria exposed to the heavy metals were
measured using Image Processing and Analysis in Java(ImageJ®) in normalized light
units for one hundred twenty minutes. Luminosity were measured every 30 minutes.
Results showed that bioluminescent bacteria from Lutjanus argentimaculatus and
Leiognathus equulus have various reactions to different heavy metals at different
concentrations.
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INTRODUCTION would result to a glowing effect (Antunes et al.,
2010).
These bacteria are also symbiotic to its

environment and other forms of living organisms.

Bioluminescence is the ability of certain
organisms to emit light. The bioluminescent reaction

is primarily caused by the luciferin and luciferase
(Jarup, 2003). The introduction of oxygen to
luciferin with the aid of the catalyze luciferase causes

the organism to emit light (Jarup, 2003).
Bioluminescent organisms are diverse. The
phenomena can be observed in bacteria,

dinoflagellates, radiolarians, ctenophores, molluscs,

cnidarians, annelids, crustaceans, tunicates,
echinoderms, fish and other worms (Steven et al.,
2009).

Bioluminescent bacteria only glows if there is a
sufficient number of cells present. This reaction is
called quorum sensing. Quorum sensing is due to the
production of and response to autoinducers. It is
responsible for different processes such as genetic
competencies, virulence, sporulation and
bioluminescence in the case of the bioluminescent
bacteria. Now they are linking the quorum sensing of
the bacteria with starvation of the bacteria itself
(Lazazzera, 2000) It is only after reaching a critical
number of cells can the signal molecules bind with
signal receptor present inside the bacterial cell which

One example would be its symbiotic relationship to
the Hawaiian bobtail squid were the squid uses the
glow of the bacteria in deterring potential predators
(Stabb, 2005). Another example of symbiosis is the
proliferation of other bacterium with the aid of the
luminosity of the bacteria. This works by attracting
potential predators to eat the host thus introducing
the bacteria as well as the other bacterium to
different organisms (Zarubin et al., 2011).

Bioluminescent bacteria is commonly used as a
biosensor for the presence of different environmental
pollutants found in the water, soil and the atmosphere
(Gu, 2005). Usually bioluminescent bacteria are used
for vectoring for a more detailed result on the
toxicity of a sample (Gu, 2005). It is due to the
sensitivity of the gene lux operon to external sources
like pollutants and heavy metals. This affects the
intensity of glow of the bioluminescent bacteria. This
makes it as an effective biosensor (Goklahe et al.,
2012).

Bioluminescent bacteria can also be used as a
metal sensor due to its sensitivity (Broers, 2004).
Bioluminescent bacteria’s ability to luminesce is
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being used as of today as an indicator for different
contaminants and heavy metals (Boynton,2009;
Petanen and Romantschuk, 2002; Girotti, et.al,
2002). Testing its ability to detect heavy metals
present in the water and soil system could prove to
be beneficial for human health in terms of
monitoring the different levels of the heavy metal
contaminants.  Bioluminescent  bioassay  was
described as one of the express methods because it
only needs micro quantities of pollutants in order to
garner positive results. It gives an integral estimation
of the toxicity present in a sample and it also surpass
other known bioassays in terms of speed, accuracy,
sensitivity and simplicity (Medvedeva et al., 2009).

According to World Health Organization,
metallic elements can be stored in tissues and organs.
Commonly the elements that were ingested with
food, water or acquired from environmental sources
would be excreted in the form of urine and
faeces(WHO, 2006) It is also observed that as we age
the levels of Cd,Fe,Pb,V increases in man, while
levels of Hg and Mn decreases as a person age.

This study aimed to determine the reaction of the
bioluminescent bacteria to various concentrations of
water and soil contaminant using the standards set by
the PNS/FDA and the US Environmental Quality
Standards for Soil Pollution as the baseline proving
that bioluminescent bacteria can be used an
alternative test for detecting water and soil
contaminants.

MATERIALS AND METHODS

Collection and Identification of fish host samples:

Philippine marine fishes were collected from the
public ~ markets of lloilo City (Lutjanus
argentimaculatus) and Olongapo City (Leiognithus
equulus). The gut of the fishes were dissected and
swabbed into a bioluminescent bacteria agar plate.

After determining the fish samples with BLB
symbionts, the standard protocol in morphological
identificationwas performed usingthe following
references: Rau and Rau (1980)Carpenter and Niem
(2001).FishBase, (Froese and Pauly, 2014). The
specimen and descriptions were then verified by Dr.
Roberto C. Pagulayan, a zoologist.

Isolation of BLB Strains:

All fishes were dissected immediately after the
collection, swabbing first the eyes and the skin using
sterile cotton swabs. The fish ventral area was then
cut open exposing the stomach and the intestines
which were cut laterally making the mucosa exposed.
These areas were swabbed as well.

All cotton swabs were streaked on standard BLB
agar plates incubated at 4° C and room temperature
for 24 hours.

Molecular identification and phylogenetic analysis
of BLB isolates with anti-nosocomial activity:

The Insta Gene Matrix ™ DNA extraction kit
was used in the isolation of the genomic DNA of the
selected BLB isolates. Agarose gel electrophoresis
was performed using1% agarose at 100 volts for 30
min using Gel XL Enduro™.

The 16S rRNA gene was amplified using
KAPATaq DNA Polymerase™ PCR Kit using the
concentrations  following the  manufacturer’s
instruction.  The  universal primers  27F
(3’AGAGTTTGATCCTGGCTCAG5’) and 1492R
(5’GGTTACCTTGTTACGACT3’)  were  used
(Arakaki, 2010). Reactions were carried out using
MyGene™ Series Peltier Thermal Cycler Model
MG25+, with the following PCR conditions from the
manufacturer.

PCR products were sent to AlTBiotechPte Ltd,
Singapore for DNA sequencing. The chromatograms
were edited using CHROMAS LITE version 2.1.
DNA sequences were checked for the presence of
chimera using DECIPHER (Wright et al., 2012). The
DNA sequences were compared with DNA
sequences deposited in public database using the
Basic Local Alignment Search Tool (BLAST ©)
(Johnson et al. 2008). FASTA file of the BLB DNA
sequences together with the similar species to the
query based on the BLAST analysis were aligned
using Clustalwv in MEGA 6 (Tamura et al. 2013).
Trees were calculated using the neighbor joining
method bootstrapped 1000 times.

Testing of solution:

The introduction of the different water and soil
contaminants on a glowing plate media were
observed. Two hundred seventy microliters of each
solution were introduced to each plate where the
diameter of swabbed bioluminescent bacteria was
uniform. Distilled water served as the negative
control. The samples were then observed with an
interval of 5 minutes for 2 hours. A digital camera
was used in gathering the photos. The same settings
and conditions were used in all solutions.

The change on the intensity of luminosity of
each sample were computed with the aid of
ImageJ®. Ten replicates per contaminant were tested
to ensure accurate data. The raw data or the
measured light unit (MLU) were then analysed in
order to get the normalized light unit (NLU). The
normalized light unit were used in the presentation of
data found in the graphs.

RESULTS AND DISCUSSIONS

Bioluminescent bacteria is one of the emerging
subjects of research today due to its promising future
as a biosensor for the health of the environment
(Goklahe et al., 2011), tests that have the ability to
benefit both the environment and man using
bioluminescent bacteria in the study had shown its
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ability to discern between different concentrations of
each tested contaminant.

Figure 1.a shows the reaction of bioluminescent
bacteria to aluminum sulfate where the luminosity
increased in reaction to certain amounts particularly
at 0.2 mg/L, 2 mg/L and 20 mg/L. The
bioluminescent  bacteria ~ with  the  highest
concentration of aluminum sulfate (200 mg.L) has
the lowest luminosity. Figure 1.b shows the reaction
of bioluminescent bacteria to arsenic trioxide where
there was an induced brightness in the
bioluminescent  bacteria in  the  following
concentrations, 0.05 mg/L and 5 mg/L while 50
mg/L concentration lowered the brightness of the
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bacteria. It was also observed that after 120 minutes
the brightness of the bacteria exposed to the different
concentrations of the water contaminant were higher
than that of the control (distilled water). The reaction
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Fig. 1: The effect of the different concentrations of water contaminants a.) Aluminum sulfate b.) Arsenic
Trioxide c¢.) Zinc Sulfate to Vibrio/photobacterium isolated from the gut of Lutjanus argentimaculatus.

Figure 2 shows a uniform pattern on the reaction
of Vibrio anguillarum to the different concentrations
of soil contaminants manganese (I1) sulfate and silver
nitrate. As seen in figure 2.a and 2b, the luminosity
of the bioluminescent bacteria is lower as the
concentration of the contaminant is higher. It is also
evident that the luminosity of Vibrio anguillarum
exposed to the soil contaminants is lower compared
to the control (distilled water).

Summary and Conclusion:

In the tests regarding the contaminants in
concentrations set by the Philippine National
Standards and US Environmental Quality Standards
for Soil Pollution, the reaction of the bioluminescent
bacteria  Vibrio/photobacterium  and Vibrio
anguillarum showed an immediate response after the
addition of the contaminants.
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Fig. 2: The effect of the different concentrations of soil contaminants a.) Manganese (1) Sulfate b.) Silver
Nitrate to Vibrio anguillarum isolated from the gut of Leiognithus equulus.
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