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The scarcity of studies on bioluminescent bacteria in fish species along the coastal and marine environment of
Nigeria prompted the assessment of abundance of bioluminescent bacteria and possible isolation on three common
coastal fish species (Drepane africana, Sardinella maderensis and Mugil cephalus) displaying luminescence. The
population of the luminescent bacteria among the three fish species ranged from 2.95x10° to 6.68x10° cfu ml™" and the
corresponding percentage to the heterotrophic bacteria was between 0.01 and 0.34 %. The surface water had 2.00x10°
cfu ml™! with 0.20 % ratio to heterotrophic bacteria. The predominant luminescent bacteria observed were gram-negative
short rod. Further study of these bacteria showed that growth and light emission occurred concurrently without the
exhibition of lag phase; however, maximum luminescence was observed at mid-exponential growth phase suggesting
quorum sensing phenomenon. The 16S rRNA gene sequence showed 92.81 % homology to Vibrio campbelli, Vibrio
harveyi and Vibrio rotiferianus. This study highlights the occurrence of bioluminescent bacteria in skin of tropical
coastal fish species in Nigerian coastal waters and also serves as a fundamental basis for future studies on the

biotechnological application of this unique characteristics.
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Introduction

Bioluminescence is a chemical and enzymatic
reaction whereby a conspicuous visible light is emitted
by living organisms. This natural phenomenon has
been observed in wide diverse marine organisms
including prokaryotes, eukaryotes, invertebrates,
insects, fishes and plants. However, bacteria are the
most abundant luminous organisms in the marine
environment. These Iuminous bacteria exist in
symbiotic relationship with higher marine organisms
mostly in fish and squids, as saprophytes on organic
matters, as parasites as well as free-living organisms'™.

Most of the bioluminescent bacteria belong to the
class Gammaproteobacteria, and are classified into four
main genera namely Vibrio, Photobacterium, Aliivibrio
and Photorhabdus. Apart from Photorhabdus which
exists in terrestrial habitat, the others are usually found
in marine environment™"®, The oxidation reaction that
results in the emission of light by these bacteria
involves a long chain aliphatic aldehyde and a reduced
riboflavin mononucleotide (FMNH,) catalyzed by an
enzyme known as luciferase’''. The excess energy is
liberated and emitted as visible light at 490 nm. Light
production depends on the reducing power of the

organism; therefore, this reaction has been attributed to
metabolically active cells’'".

Bacterial luminescence is controlled by a set of
genes known as lux operon (luxCDABEG). In most
studied species, the expression of the /ux operon genes
is regulated by quorum sensing, a phenomenon
involving the production of hormone-like chemicals
called autoinducers which switch on and off the
production of light by the organisms based on cell
population density”''""*. However, light production in a
few species has been observed to differ from this
popular phenomenon'®,

The attractiveness of this visible light emitted by the
luminescent organisms has drawn scientists attention to
study this phenomenon over the years'”'"®. Despite the
vast study of bioluminescent bacteria for decades
around the world, little is known about their occurrence
and characteristics around the Nigerian coastal and
marine environment. Although, Adoki & Odokuma'’
have studied bioluminescent hydrocarbonclastic
bacteria of the Niger Delta, the dearth of data
necessitates further research to provide adequate
information. Hence, the aim of this study is to assess
the abundance of this group of fascinating bacteria
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from the native bioluminescent coastal fishes. The study
attempts isolation and characterization of pure culture
and explore their physiological and growth requirements
in view for future biotechnological applications.

Materials and Methods

The three different species of marine/brackish water
fishes (Drepane africana, Sardinella maderensis and
Mugil cephalus), were sampled along Lagos, Oniru
Beach, Victoria Island Lagos [6°27°55.5192° N and
3°24°23.2128° E]. Each of the fish samples was
transferred directly from the fishermen’s net into a
separate sterile containers, labelled accordingly and
were transported immediately to the microbiology
laboratory of the Department of Biological
Oceanography, Nigerian Institute for Oceanography
and Marine research (NIOMR), Lagos.

Each of the fishes was immersed in a beaker
containing 50 ml of sterile 3 % NaCl solution. Fishes
was held in place with the help of a sterile forceps and
the entire skin surface was gently scraped and rinsed in
the NaCl solution. The resultant solution served as
stock solution. The stock solution was serially diluted
for subsequent inoculation on the different growth
media.

Aliquots (0.1 ml) of appropriate dilutions of the
water sample and fish skin stock solution were
inoculated onto specific agar plates for isolation and
enumeration of the different groups of bacteria.
Nutrient Agar (Oxoid) and Luminous medium (30 g of
NaCl; 0.88 ml of glycerol; 10 g of Bacteriological
peptone and 15 g of Agar in 1 L distilled water) was
used for culturing of viable heterotrophic bacteria and
luminescent bacterial species, respectively. The plates
were incubated at 27+2 °C for 18 to 24 h. Bacterial
colonies were counted using Lapiz digital colony
counter and expressed in colony forming units per ml
(cfu ml™) for each fish stock solution. Bioluminescent
colonies were randomly selected, further purified and
stored on Boss medium slants for further analysis. The
morphology of the isolates was determined by gram
staining followed by viewing under the microscope.
Biochemical assays such as: Oxidase, Simmons citrate,
Methyl red, Voges-Proskauer test and triple sugar
utilization were also carried out to establish some
physiological characteristics.

Cells of pure culture of the selected isolate in
Luminous broth were harvested after 24 h by
centrifugation at 4000 rpm for 7 min, washed with
phosphate buffer and re-suspended in phosphate buffer

solution up to optical density of 1 unit. Aliquots of this
bacterial suspension were subsequently used to
inoculate replicate tubes of Luminous broth (5 ml)
which was used to monitor the bacterial growth and
luminescence production at 6 hourly intervals (0, 6,
12, 18, 24, 30, 36, and 48 h). Growth was estimated
by measuring the optical density of the cultures using
a spectrophotometer (Lamotte Maryland, USA) at a
wavelength of 600 nm; while the intensity of light
production was measured in Relative Light Unit
(RLU) using a luminometer (Kikkoman Lumitester
PD-20).

The bacterial suspension used to assess the effect
of glycerol and NaCl concentrations on growth and
luminescence production of the selected bacteria was
prepared as described above. However, aliquots were
used to inoculate replicate tubes of luminous broth (5 ml)
with varying concentrations of glycerol (0, 1, 2, 3, 4
and 5 %) and NaCl (2, 3 and 4 %). Extent of growth
and light production were measured after 24 hours.

Molecular identification was done by 16S rRNA
gene sequencing. The genomic DNA was extracted
from 24 h pure culture following manufacturer’s
instructions on the Qiagen DNA Extraction Kit. The
extracted DNA was stored at -20 °C and later was sent
to Inquaba Biotechnical Industries Ltd, Pretoria, South
Africa for sequencing. There the 16S ribosomal unit
was amplified by Polymerase Chain Reaction (PCR)
using universal primers for bacteria: forward primer 5'-
3' (27F AGAGTTTGATCMTGGCTCAG) and reverse
primer 53 (1492R AGAGTT
TGATCMTGGCTCAG). The integrity of the PCR
amplicons were visualized on a 1 % agarose gel (CSL-
AG500, Cleaver Scientific Ltd) stained with EZ-
vision® Bluelight DNA Dye. The bacterial nucleotide
sequence was determined by Sanger sequencing using
Applied Biosystems ABI 3500XL Genetic Analyser,
and Sequence chromatogram analysis was performed
using FinchTV analysis software. The DNA sequence
obtained was further used to identify the isolate by
comparing with other rRNA in public database.
Subsequently, this partial 16S rRNA was submitted to
the GenBank and accession number (MT512030) was
obtained. The phylogenetic relationship of this strain
with other bioluminescent bacteria based on the partial
16S rRNA was established by constructing a
phylogenetic dendogram using Mega-X software.

Graphpad Prism software 5.03 (San Diego, CA.
USA) was used for data analysis and graphical
representation.
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Table 1 — Mean£SD of total viable heterotrophic and luminescent bacteria of three coastal fishes and water sample

Samples Total heterotrophic bacteria

count (cfu ml™)

Total luminescent bacteria

Percentage of luminescent
count (cfu ml™")

bacteria (%)

Drepane africana 4.83x10° £ 6.52 1.65%10°+ 1.90 0.34

Sardinella maderensis 2.85x10°+ 4.89 2.95x10° £ 2.89 0.01

Mugil cephalus 8.76x10°+ 1.48 6.68x10° £ 1.15 0.08

Water 9.86x107+9.45 2.00x10°+ 0.0 0.20

Results 2.5 - 3000

Luminescent bacteria were present both in the water

sample and on the skin of all three species of fish 2.0 2500

sampled in this study (Table 1). The highest number for = =

both the heterotrophic and bioluminescent bacteria was ~ Z 2000 £
. . . . =z 1.51 w

observed in Mugil cephalus and the corresponding ratio = 1500 g

of the luminescent bacteria to the total heterotrophic g Lo T2

bacteria was 0.08 %. Sardinella maderensis also showed ;ﬁ ’ L1000 E

an elevated count (2.85x10° cfu ml") of total ks

heterotrophic bacteria and a total count of 2.95x10° 051 500

cfu ml" for luminescent bacteria with a resultant ratio 00 .

of 0.01 %. On the other hand, the highest ratio
(0.34 %) of luminescent bacteria was observed in
Drepane africana. Although it exhibited the least
count (4.83x10° cfu ml™") of heterotrophic bacterial
count among the three fish species, the luminescent
bacteria total viable count of 1.65x10° cfu ml" was
reasonably high. It is noteworthy that although the
water sample had the less count of 9.86x10" cfu ml™
and 2.00x10° cfu ml" for heterotrophic bacteria and
luminescent bacteria, respectively the corresponding
ratio was 0.2 %.

The selected isolate (ISO A) was a short
gram-negative rod. It ferments glucose, fructose,
lactose and sucrose but does not utilize citrate. It
produced a positive Methyl red test and was negative
for the Voges-Proskauer test. The growth curve of this
bioluminescent bacterial strain showed steady
increase in optical density from 0 h until 24 h (Fig. 1),
before it obviously entered the stationary growth
phase. Initially, a gradual increase was noted after 6 h
as the optical density increased from 0.037 to 0.060
with a corresponding growth rate of 0.081. The
maximum rate of growth (0.522 h') was observed
between 6 h and 12 h as the optical density increased
to 1.375. Although the optical density continued to
increase up to 1.977 at 24 h, when the peak of growth
was exhibited, the growth rate was lower (0.038 and
0.022 h™"). The optical density remained between
1.980 and 1.999 from 30 h till the end of the study at
48 h. The production of light occurred during growth
of the bacteria. An average luminescence of 63 RLU
(Relative Light Units) was observed after 6 h of

0 6 12 18 24 30 36 48
Time (Hours)

Fig. 1 — Extent of growth O and luminescence production of the
bacteria isolate (MT512030) during 0 to 48 hour culture period

culture. A sharp escalation of the luminescence (2344
RLU) was occurred at 12 h, which corresponded with
the bacterial growth. Nevertheless, luminescence
gradually declined to 2222 and 2084 RLU at 18 and
24 h, respectively, although the bacterial growth was
still going on. Further, the luminescence drastically
reduced to 742 RLU at 30 h, and was as low as
325 RLU by the end of the experiment at 48 h.

The effect of concentration of the carbon source
(glycerol) and Sodium Chloride (NaCl) on growth and
luminescence production was observed after 24 h of
culture (Fig. 2a). The highest cell density (2.024) and
luminescence (634.3 RLU) was observed in the 1 %
glycerol culture. Comparable growth was also
occurred at 2 and 0 % glycerol concentrations (1.880
and 1.63, respectively), but the least luminescence
production was noted at the culture with 2 % glycerol
concentration. Nevertheless, growth and lumine-
scence production occurred in the cultures with higher
glycerol concentration (3 and 4 %). The extent of
growth and luminescence noted for the three different
concentration of NaCl (Fig. 2b) displayed maximum
growth performance at 4 % NaCl concentration but
optimum luminescence at 3 % NaCl concentration.
The least wvalues for both cell density and
luminescence production were noted for the lowest
(2 %) concentration.
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Molecular identification using the Megablast of  Vibrio rotiferianus. The phylogenetic tree with other
the sequenced 16S rRNA of the isolate (MT512030)  bioluminescent bacteria from GenBank
from this study showed that ISO A had 92.81 %  demonstrated closer relationship with the Vibrio
similarity to Vibrio campbelli, Vibrio harveyi and  species (Fig. 3).
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Fig. 2 — The extent of growth ® and luminescent production of [ the bacteria isolate at different concentrations of glycerol {A} and
NaCl {B} concentrations
HMO008702.1 Vibrio harveyi strain NB0901
HMO008702.1 Vibrico harveyi strain NB0901(2)
MN339959.1 Vibrio campbellii strain L14
FJ227111.1 Vibrio harveyi isolate UCP10
LC487874.1 Vibrio parahaemolyticus D27-S
AJ316193.1 Vibrio sp.
JF342691.1 Vibrio chagasii strain DUG27
AJ316199.1 Vibrio sp. R-3712
EF667054.1 Vibrio fischeri strain Ipeal.1.1

NR 145878.1 Photobacterium galatheae strain S2753

JF412211.1 Shewanella woodyi strain S-26

JF412207.1 Shewanella woodyi strain S-13

JF412208.1 Shewanella woodyi strain S-14
AJ842530.1 Enterovibrio coralii

AJ842541.1 Photobacterium damselae subsp. damselae
_: AJB842550.1 Photobacterium leiognathi p
AJB42604.1 Vibrio fischeri
_|: EF380250.1 Vibrio wodanis strain ATCC BAA-104

AB041853.1 Vibrio parahaemolyticus

AJB42367.1 Salinivibrio costicola subsp. costicola

ISO A MT513020

e |
0.050

Fig. 3 — Phylogenetic tree comparing the 16S rRNA sequence from the bioluminescent bacteria (MT513020) in this study with other
bioluminescent bacteria gene from GenBank
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Discussion

The ubiquity of bioluminescent bacteria in the
marine environment particularly their association with
higher marine animals has been of great interest to
scientists around the world. In the present study, the
bioluminescent bacteria were found in both the
bacterial flora of the fish skin and in the surface water
sample (Table 1). This confirmed their ubiquitous
nature in marine environment'"'®**** The population
of both the viable total heterotrophic and the
luminescent bacteria differed among the three fish
species tested with highest number in Mugil cephalus.
This could be attributed to the fact that types of
nutrients consumed by fishes affect the distribution of

bioluminescent bacteria”?*. Besides, Ramesh &
Mohanraju® noted that the distribution of
bioluminescent organisms which expel these

luminous bacteria into the surrounding environment
also determines their abundance in a particular area.

The range (%) of the ratio of the luminescent
bacteria against the total heterotrophs observed in this
study for both the fish skin and water samples was
lower than the range reported earlier for temperate
and tropical marine waters and fishes’**° even in the
Niger Delta area of Nigeria'’. The study of Ramesh &
Venugopalan®™ had earlier demonstrated seasonal
variation of abundance of luminous bacteria, hence
the period of this study possibly have affected the
occurrence of luminescent bacteria. Future study will
endeavor to assess this population over a period of
time for better understanding of seasonal occurrence.
It had been known that some species of luminous
bacteria are not culturable because they are totally
dependent on their fish host for their growth and
reproductive needs””'. The successful culture of the
bioluminescent bacteria in this study, suggest that
they are not completely dependent on the fish for
survival and also corroborates the observation of
Urbanczyk et al”, that luminous bacteria usually
occur extra-cellularly and are not strictly dependent
on their host for reproduction. It was also not
surprising that diverse species of the luminescent
bacteria were not encountered among the three
species of fish tested because it had earlier been noted
that specific fish families usually harbor specific
single species of bacteria®®.

Light emission by luminous bacteria has always
been attributed to be dependent on cell density
invariably demonstrating quorum sensing
phenomenon, which means that light is only emitted

when the «cell density reaches a certain
concentration'™*'***3%  In the present study, the
simultaneous measurement of luminescence and cell
density did not reveal any lag phase as luminescence
was noted even at a very low cell density (Fig. 1).
However, the sharp increase in bioluminescence by
mid-exponential growth displayed by this bacterial
species could be associated with quorum sensing.
Recently, Tanet e al.”” observed the absence of lag
time between light emission and the growth of
Photobacterium leiognathi and they suggested that all
bioluminescence is not controlled by the quorum
sensing. This was further buttressed by the fact that a
steady and gradual increase of luminescence with cell
density is inconsistent with the quorum sensing®~*.
The cell density value (1.37) at which the here studied
isolate exhibited the maximum luminescence was
considerably higher than the range of cell density
value (0.6 to 0.8) reported by Grim et al.™.

Salinity is one of the major factors that affect the
growth and general performance of bacteria;
particularly marine microbes due to the high salinity
level of their environments are usually affected by
level of salts such as NaCl in growth media®™>".
Hence, the in-vitro effect of NaCl concentration
alongside glycerol (Carbon source) on the growth and
bioluminescent production of the luminous isolate
was performed in this study which showed good
performance at 3 to 4 % NaCl concentration and 0 to
2 % glycerol concentration. This was similar to
optimum performance at 3 to 6 % NaCl concentration
and 0.3 to 0.5 % glycerol concentration displayed by
the Vibrio campbellii (strain STF1) as reported by
Ramesh et al.*. They noted that NaCl was highly
essential for the growth of bacterial species and hence
the growth was not observed without NaCl. On the
other hand, they showed that glycerol was not
necessarily needed for growth and luminescence
production although minute concentrations were
required for best growth and luminescence
production. This was also consistent with the
observation made in this study as reasonable growth
and luminescence were noted at 0 % glycerol
concentration. Further, it’s noteworthy that Parmar et
al** also reported maximum luminescence at 3 and 6
% NaCl concentrations. The high similarity of the
bioluminescent bacteria from this study with Vibrio
species was expected since luminous bacteria usually
belong to Vibrio, Photobacterium, Aliivibrio,
Photorhabdus or Shewanella®®'’. The phylogenetic
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comparison with other luminous bacteria from
GenBank (Fig. 3), also showed closer relationship to
Vibrio than the other genera.

Conclusion

The results of this study demonstrate the occurrence
of bioluminescent bacteria in Nigerian coastal waters
and in skin of coastal fishes. Moreover, the 16S RNA
sequencing of the bacterial isolate resembles with the
Vibrio species which are known for their
bioluminescence property. Hence, this environment can
be explored for the interesting phenomenon of
luminescence in  bacteria which has great
biotechnological potentials as the bioluminescent
bacteria were found abundantly in the skin of fish
species and in the water samples. The pattern and
extent of luminescence production showed by the
bacterial species in Nigerian coastal waters is
encouraging for further research with reference to the
biotechnological applications of bioluminescent
bacteria. Further studies on molecular base will be
carried out to ascertain the presence of lux operon
genes as well as to reveal specific features of these
luminous bacteria.
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