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Highlights
e We isolated bioluminescent Vibrio spp. from marine organisms.
e Characterization of metal tolerance of the isolated strains.
e Assessing the impact of heavy metals on bioluminescence.
e Proposing use of these strains as biosensors to detect certain heavy metals.

e Assessing metal interaction with EPSs from these strains.



Abstract

The current study depicts the isolation of luminescent bacteria from fish and squid samples
that were collected from Veraval fish harbour. From Indian mackerel, total 14 and from
squid, total 23 bioluminescent bacteria were isolated using luminescence agar medium. Two
bioluminescent bacteria with highest relative luminescent intensity PBR1 and PBL1 were
selected. These two isolates were subjected to detailed biochemical characterization and
were tested positive for 5 out of 13 biochemical tests. Furthermore, both PBR1 and PBL1
were able to ferment cellobiose, dextrose, fructose, galactose, maltose, mannose, sucrose and
trehalose with acid production. Based on 16S rRNA partial gene sequence analysis, PBR1
was identified as Vibrio alginolyticus and PBL1 as V. rotiferianus. Antibiotic susceptibility test
using paper-disc method showed that PBR1 and PBL1 were sensitive to chloramphenicol,
ciprofloxacin, co-trimoxazole, gatifloxacin, levofloxacin, linezolid ad roxithromycin out of 18
antibiotics tested. Moreover, both strains were evaluated for their exopolysachharide (EPS)
producing ability where PBR1 and PBL1 were able to yield 1.34 g% (w/v) and 2.45 g% (w/v)
EPS respectively from 5 g% (v/v) sucrose concentration. Heavy metal toxicity assessment
was carried out using agar well diffusion method with eight heavy metals and both the
strains were sensitive to As(III), Cd(II), Ce(II), Cr(III), Cu(Il), Hg(II) and while they showed
resistance to Pb(II) and Sr(II). Based on these results, a study was conducted to demonstrate
bio-removal of Pb and Sr by EPS of PBR1 and PBL1. Fourier transform infrared (FTIR)
spectra revealed the functional groups of EPS involved in interaction with the heavy metals.
Owing to the sensitivity for the remaining heavy metals, these bioluminescent bacteria can

be used further for the development of luminescence-based biosensor.

Keywords: bioluminescence; Vibrio spp.; heavy metals; exopolysaccharides (EPS); biosensor;

biosorption.



1. Introduction

Marine ecosystem naturally possess heavy metals in microquantities where few of these are
essential owing to their biochemical and physiological role in living forms (World Health
Organization, 1996; Ansari et al., 2004; Mertz, 2012; Azaman et al,, 2015). However, the
amount of heavy metals is increasing in marine ecosystems due to indiscriminate
anthropogenic activities such as industrialization and technological advancements (Stern,
2010; Rajeshkumar et al, 2018). The progressive accumulation of heavy metals in
ecosystems is highly toxic for the aquatic life and thus, create a serious global health concern
due to their ecotoxic, non-degradable and persistent nature (Tak et al., 2013; Gaur et al,,
2014; Dixit et al., 2015). Industrial discharges consisting toxic substances and heavy metals
aid in the pollution of aquatic ecosystems which causes cytotoxic, carcinogenic and
mutagenic effects in animals. The coastal line of Gujarat, a part of Arabian sea and the major
harbour in western India is also affected by such anthropogenic activities (Mitra &
Choudhury, 1993; Gbem et al,, 2001; Woodling et al., 2001). Marine pollution with such
heavy metals is gradually becoming a prominent problem which is impacting its habitant life
forms as they are taken up by tissues of marine organisms (Intamat et al, 2016).
Bioaccumulation of these metals in fishes and squids has also affected the adaptation of
endogenous microbes that thrive in their tissues (Pettibone et al., 1996; Toroglu et al., 2009;
Kumar et al, 2011; Amutha & Shamini, 2015). This manuscript is emphasizing the
characterization of such microbes that have adapted to thrive in the tissues of such marine
creatures dwelling in the marine environment contaminated with heavy metals. Human
consumption of such marine life forms as food leads to health hazards by biomagnification

process (Ali & Khan, 2019).

The state of Gujarat owns the longest coastline (1600 km) in India. It ranks first with respect
to sea food production in the country (CMFRI, 2015). Veraval fish harbour, one of the largest
fishing harbours in Asia, lies on southwest coast of Saurashtra-Gujarat coast. Veraval
harbour sediments are known to possess high concentrations of heavy metals, as follows
(pg/g): cadmium (Cd) - 0.628, cobalt (Co) - 8.39, chromium (Cr) - 171, copper (Cu) - 33,
manganese (Mn) - 951, nickel (Ni) - 60.9, lead (Pb) - 220, and zinc (Zn) - 603 (Sundararajan

etal, 2017). In Arabian sea, which is the primary source of sea food, the heavy metal content



was found to be as follows (ug/g): Cu - 90-130, Mn - 1034-1212, Ni - 66-87, and Zn - 109-
204 (Borole et al, 1982). In these coastal regions, the studies examining toxic metal
accumulation in marine water as well as organisms such as fishes, prawns, squids and crabs
have revealed high concentrations of toxic heavy metals (Jebakumar et al, 2015;
Sundararajan et al., 2017). Murthy et al. (2013) reported presence of heavy metals such as
Cd, Ni, Pb, Cu and Hg that were ranging from 1.39 to 10.04 mg/L in fish and 0.97 to 50.76
mg/L in squid that are processed in Veraval. In oceanic squid and other cephalopods from
Gujarat region have been reported to bioaccumulate cadmium above permissible limits
(Murthy et al., 2008; Murthy et al., 2009). It is well reported that meek measurements of
concentration of toxic pollutants along with established regulatory rules will not give an
accurate measure of environmental noxiousness. Thus, attention has been paid to
biosensors, biomarkers and biodetectors for detection of heavy metals in contaminated
environments (Girotti et al., 2008). Over the past two decades many researchers and
scientists have put great efforts to develop fast and sensitive bioassays to monitor and
evaluate the presence of toxic material discharge. Some of these bioassays involve
microorganisms such as bioluminescent bacteria which lives in close association with

certain aquatic organisms (Parvez et al., 2006; Girotti et al., 2008).

Bioluminescent bacteria are simply light emitting bacteria, a result of biochemical reaction
catalysed by an enzyme ‘luciferase’ (Hastings & Nealson, 1977). Vibrio fischeri is the most
widely studied bioluminescent bacteria and it symbiotically thrives in tissues of certain
marine lifeforms (Dunlap, 2009; Kumar, 2010; Tanet et al., 2019). The property of bacteria
to produce luciferase is not only limited to Vibrio fischeri but is also found in the other species
of Vibrio (CH & Mohanraju, 2019). At genomic level the light emitting process is regulated in
a very strict manner by a cluster of genes known as lux operon. The lux operons of Vibrio
fischeri and Vibrio harveyi have widely been studied and molecular mechanism and
regulation aspects of V. fischeri are depicted in Fig. 1 (Hastings & Nealson, 1977; Willey et al.,
2008; Lin & Meighen, 2009; Dunlap, 2014; Brodl et al,, 2018) . At low cell density the
autoinducers, Alcy-homoserine-lactone (AHL) that are being actively produced- diffuses into
media, concentration of autoinducers increase as cells continue to grow, resulting in high

level of autoinducers in the media. At high cell density AHL creates a regulatory response



leading to expression of luxICDABE genes and produces light (Willey et al., 2008). Toxic
materials such as heavy metals, pesticides and industrial effluents can cause dramatic and
measurable effect on the bacterial biochemical reactions responsible for light production.
This phenomenon is exploited by researchers as bioluminescence inhibition assay (Hong et
al,, 2010; Mohseni et al., 2018). This occurrence of decrease in light upon exposure to toxic
heavy metals provides an idea regarding the ecotoxic level and can be treated as biomarker

of heavy metal (Thakre & Shanware, 2015).
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Figure 1: Molecular mechanism of bioluminescence in Vibrio fischeri.



Bioremediation techniques involving microorganisms have drawn researchers’ attention
due to their highly effective eco-friendly nature. Toxic metals in active form can affect the
microbial population dynamics and indigenous microbial metabolism to adapt such toxic
stress (Yin et al, 2019). One such adaptation acquired by microbes is to produce
extracellular polymeric substances (EPS) against protective armour by blocking their (heavy
metals) entry into the intracellular fluids (Wang et al., 2014). The adsorption of heavy metals
in the matrix of EPSs by interaction of metal cations and negatively charged functional
groups is a well-known phenomenon by which the microbes stay protected from heavy
metals (Naik & Dubey, 2013; Nkoh et al., 2019). Evidently, marine bacteria produce varieties
of EPSs which have unique affinity to bind to heavy metals (Nichols et al., 2005).

Under present study we isolated bioluminescent Vibrio alginolyticus PBR1 and V. rotiferianus
PBL1 from the marine life forms flourishing in the water contaminated with heavy metals
(Veraval fish harbour) (Jebakumar et al.,, 2015; Sundararajan et al., 2017). The marine
samples chosen were Indian mackerel (Rastrelliger kanagurta), Ornate Threadfin bream
(Nemipterus japonicus) and one Indian squid (Loligo duvauceli) which are known to have
contaminated with heavy metals (Prafulla et al., 2001; Murthy et al., 2013; Azaman et al,,
2015). The study focuses on resistance and sensitivity of the bioluminescent isolates, in
terms of light and growth, to eight heavy metals. Hence, the present study is a key step
towards development of biosensing tool employing bioluminescent bacteria for monitoring
of ecotoxic pollutants. The strains under study also produce EPS, and property of their EPS
to interact with heavy metals was studied as well. The data of heavy metal sensitivity and
resistance is of a great help to develop bioassay based on bioluminescent bacteria, whereas,
analysis of heavy metal interaction with EPS can help to develop a new strategy to
bioremediate heavy metals. To the best of our knowledge this is the first report for such

assays with EPS producing bioluminescent strains.

2. Materials and methods

2.1 Sampling site and sample collection



Veraval fish harbour is located on Saurashtra coast (Lat. 20° 54'N, Long. 70° 22'E).
Being a largest fishing port, the local fish markets of Veraval possesses large range of fishes
and other sea food. Three fresh marine organisms were collected from this fish market. Two
fishes, Indian mackerel (Rastrelliger kanagurta), Ornate Threadfin bream (Nemipterus
japonicus) and erean Indian squid (Loligo duvauceli) were collected in a separate plastic bags
previously surface sterilized with 95% (v/v) ethanol (Larson et al., 1991). The samples were

stored at 4+2°C in ice box and brought to the laboratory for further processing.
2.2 Cultivation, screening and isolation of bioluminescent bacteria

The screening was carried out on three various media; Nutrient Agar (NA) (MM012,
HiMedia, India), Luminescence Agar (LuA) (Malave-Orengo et al., 2010) and Sea Water Agar
(SWA) (M592, HiMedia, India). Both kind of samples were dissected using standard methods
(Brown & Kisiel, 2003; Gupta & Mullins, 2010). The micro-flora was collected using sterile
cotton swabs (PW1136, HiMedia, India) from gut and intestine in case of fishes; while from
stomach and ink sac of squid (Makemson & Hermosa Jr, 1999; Vishwakarma et al., 2013;
Yaser et al., 2014; Kulkarni & Kulkarni, 2015; Zahaba et al., 2015; Parasar et al.,, 2016). The
swabs were then streaked on respective media. Inoculated agar plates were incubated at
25+2°C for 18-24 h. The next day the plates were examined for luminescent glowing colonies
in a dark room. Such colonies were further subcultured to obtain as pure culture on a suitable
medium. Screening of the medium and luminescent colonies was done based on visual
scoring luminescence intensity so produced by the bacteria (Malave-Orengo et al., 2010;
Kannahi & Sivasankari, 2014; Kulkarni & Kulkarni, 2015). Selected isolates (PBR1 and PBL1)

were further processed for characterization.
2.3 Activation, inoculation, incubation and preservation

To activate the selected cultures, a single loop-full of colonies was inoculated in 50
mL luminescence broths (LuB) respectively. The broths are then incubated at 25+2°C on an
orbital shaker with 120+2 rpm for 18-24 h. In all the experiments involving broth studies,
0.1 % (v/v) aliquot of activated culture was used as inoculum and a loopful of activated

cultures was streaked directly for the studies involving solid media. The cultures were



preserved on luminescence agar plates at 4+2°C and sub-cultured periodically at every 15

days. The measures mentioned above were kept unchanged unless otherwise specified.
2.4 Phenotypical and functional characterization
2.4.1 Colony and morphology characterization

The colony characteristics were recorded after growing the isolates on LuA for 24 h.
Gram staining was performed using commercially available Gram-Staining Kit (K001,

HiMedia, India).
2.4.2 Biochemical characterization

Detailed characterization was performed to determine the phenotypical and
functional characters of two selected isolates that helped in building up their metabolic
profile. These include: (A) physiological and phenotypical characters: luminescence,
motility, assessment of growth on various NaCl concentrations, and temperature; (B) ability
to utilize different substrates as sole source of carbon and nitrogen viz. citrate, gelatin,
starch, and tributyrin; (C) production of various enzymes: arginine dehydrolase, lysin
decarboxylase, ornithin decarboxylase, catalase oxidase, nitrate reductase, and urease; (D)
other tests such as: production of mixed acid (MR-VP test) as well as production of indole
from tryptone. These tests were performed in accordance with Alsina’s key and Bergey’s
Manual® of Systematic Bacteriology: volume 2 The Proteobacteria (Alsina & Blanch, 1994;
Garrity et al,, 2006) to identify and differentiate the isolates metabolically. Fermentative
efficacy of the screened isolates was determined for 17 sugars. Briefly, readily available
sugar discs (HiMedia, India) were used. The discs were added aseptically to Andrade
Peptone Water Broth (APWB) medium (M885S, HiMedia, India) to achieve sugar
concentration of 25 mg/L. A loopful of an activated culture was inoculated in to these APWB

tubes each with different sugar followed by their incubation as mentioned in section 2.3.
2.5 Molecular Analysis
2.5.1 g-DNA: extraction, purification and quantification

Bacterial genomic DNA (g-DNA) was extracted and purified using the HiPurA
Bacterial Genomic DNA Purification Kit (MB505, HiMedia, India). The protocol given with



the kit was modified as described by Shukla et al. (2019a). The extracted DNA was analysed
using agarose gel electrophoresis to assure appropriate extraction and purification. These
samples were further assessed for RNA or protein contamination (if any) by Nanodrop
spectrophotometer (Implen Nanophotometer, Germany) by its Azs0/A280 and A260/A230

absorbance ratio respectively.

2.5.2 16S rRNA gene amplification from g-DNA:

For amplifying 16s rRNA gene from the extracted genomic DNA, forward and reverse
primers were synthesized and used as follows: (i) PBR1 - Forward primer (18bp): [SRB-255]
5 GAGAGTTTGATCCTGGCT 3 and Reverse primer (21bp): [SRB-257] %
ACGGCTACCTTGTTACGACTT 3’, (ii) PBL1 - Forward primer (18bp): [SRB-255] and Reverse
primer (18bp): [SRB-256] 5" CTACCTCTACCTTGTTAC 3’ (Di Cello & Fani, 1996; Marin et al.,
2012). To amplify 16s rRNA gene, 50 pL systems were prepared using PCR Master Mix
(Thermo Scientific™ K0171, India) using extracted DNA as template. The gene amplification
by polymerase chain reaction (PCR) was performed in Veriti Thermal Cycler (Applied
Biosystems, India) under conditions described by Thermo Scientific™ (K0171, India): (i)
initial denaturation at 95 °C for 5', (ii) denaturation at 95 °C for 30 s (x35 cycles), (iii)
annealing at 55 °C for 30 s (x35 cycles), (iv) extension at 72 °C for 1’ (x35 cycles) and (v) final
extension at 72 °C for 5’ . The amplicons were resolved on 0.4 % (w/v) agarose gel. The bands
were analyzed using commercially available standard DNA ladder (ThermoScientific™
GeneRuler 1 kb #SM1333, India) by UviTech Gel Documentation (FireReader V10, UK)
system.

2.5.3 165 rRNA sequence analysis and identification of bacteria

The amplicons were sequenced using Sanger’s dideoxy method at Eurofins Genomics
(India). The obtained 16S rRNA gene sequences were analyzed for anomalies and assembled

manually using Chromas v2.6.6 software (http://technelysium.com.au/wp/chromas/)

(Oem et al.,, 2019). The sequence similarities were determined by means of EZBioCloud
database and also by BLASTn search algorithm at NCBI BLAST (Zhang et al., 2000; Yoon et
al, 2017). Based on maximum identity score the first 15 sequences were selected and

retrieved which were used to perform multiple sequence alignments using EZEditor2 (Jeon



etal, 2014). The phylogenetic trees were constructed using Neighbour-Joining method with
bootstrap value set to 1000 simulations in MEGA X (Kumar et al., 2018). The processed 16S
rRNA partial gene sequences of both the strains (PBR1 and PBL1) were submitted to
GenBank.

2.6 Assessment of susceptibility to antibiotics & pathogenicity

The ability of the isolates to resist various commercially available antibiotic
impregnated discs, including both broad and narrow spectrum antibiotics was evaluated
using disc-plate method (Loo et al., 1945; Wayne, 2008; Jorgensen & Turnidge, 2015). The
zone diameter of growth inhibition developed after incubation was measured to represent
the susceptibility or resistance of the cultures. Total 18 antibiotic used under study which
were (i) aminoglycosides - amikacin (AK) and gentamicin (GM); (ii) 3-lactam antibiotics -
ampicillin (AS), cloxacillin (CX) and piperacillin (PC); (iii) quinolones and fluoroquinolones
- ciprofloxacin (RC), levofloxacin (QB), ofloxacin (ZN) and gatifloxacin (GF); (iv)
sulfonamides - co-trimoxazole (BA) and cephalosporins - cephalexin (PR), cefotaxime (CF)
and ceftizoxime (CI); and (v) miscellaneous - lincomycin (LM), roxithromycin (AT),
tetracycline (TE), linezolid (LZ) and chloramphenicol (CH). Hemolysin is a kind of cytotoxin
(cytolytic toxin) which damages the host cytoplasmic membrane, results in cell lysis and
death. These are soluble and extracellular proteins produced by variety of pathogenic
organisms. Production of such hemolysins can be detected by using a blood agar plate (a
nutrient rich medium containing 5% sterile blood) (Madigan et al., 2010). For this test, sheep
blood agar plate (MP1301, HiMedia, India) was used. The cultures were inoculated as
described earlier in section 2.3. The inoculated plate was incubated at 37+2°C for 24-48 h,
the appearance of clear zone indicates hemolysis of erythrocytes surrounding the colonies
indicating positive test results, while absence of zone of hydrolysis indicate negative results.

For this assay, Staphylococcus aureus was used as positive control.
2.7 Production and extraction of exopolysaccharide (EPS)

The ability of the strains to produce EPS was determined on EPS agar medium (Atlas
& Parks, 1997). The culture broth was supplemented with sucrose in a concentration of 5

g% (v/v) and inoculated with 3 % (v/v) inoculum. On 34 and 6th day, 10 mL of culture broth



was withdrawn, and EPS was extracted by adding 30 mL of chilled acetone to these broths.
The extracted EPS was recovered by centrifugation and quantified by drying to a constant
weight (Andhare et al,, 2017; Shukla et al., 2019b). Assessment of types of EPS viz. slime EPS
and capsular EPS from broth was performed as per the assay described by Subramanian et
al. (2010).

2.8 Heavy metal toxicity assessment

Toxicity of heavy metals on PBR1 and PBL1 were performed on LuA. Heavy metal
toxicity profile was performed by standard agar well diffusion assay (Hassen et al., 1998;
Tomova etal., 2015) where eight different heavy metals were used in varying concentrations
ranging from 100 to 500 mg/L. The spread plate method was used to inoculate the culture
suspension (Thakre & Shanware, 2015). In four quadrants of the Petri plate, wells were
punched using cork-borer and the heavy metals suspensions (200 pL) was loaded. On
overnight incubation, the plates were observed for clear zone of inhibition and change in
luminescence pattern. The zone of inhibition and luminescence were recorded by the
method reported by Parmar et al. (2020) and Shukla et al. (2020b) using Nikon® D5100™
camera (Nikon India Pvt. Ltd.) with following modifications: (i) Bulb mode, (ii) aperture -
size of lens opening - /5.6 (iii) [SO sensitivity of 2000 (iv) 20 s exposure time. Heavy metals
used under study were: Arsenious oxide [As203], Cadmium nitrate tetrahydrate
[CA(NO3):2H20], Cerium nitrate tetrahydrate [Ce(NO3)2:4H20], Chromium nitrate
nonahydrate [Cr(NO3)3-9H20], Copper sulfate pentahydrate [CuSO4-5H20], Lead nitrate
[Pb(NO3)z], Strontium nitrate [Sr(NO3)z], and Mercuric chloride [HgClz].

2.9. EPS - metal binding assessment

Analytical grade nitrate salts of Pb and Sr were dissolved in deionized water to attain
1000 mg/L stock concentrations. EPS broths supplemented in concentration of 200 mg/L of
Pb and Sr were prepared. Both strains PBR1 and PBL1 were allowed to grow in presence of
Pb and Sr individually in different culture flasks (Iyer et al., 2004; Kili¢ et al., 2015; Shukla et
al, 2020a). After incubation period of 72 h, cells with intact EPS were harvested by
centrifugation at 4000 rpm for 15’ and washed with deionized water to remove residual cell-

free culture broth. Extracted EPSs were dried to a constant weight and collected for further



process (Andhare et al,, 2017; Shukla et al., 2019b). For comparison with control EPS, same
procedure was followed to extract EPSs from the cultures grown in EPS medium devoid of

metal.

Control EPS and EPS extracted from culture flask containing metals were analysed using
Bruker Alpha FTIR spectrometer (Germany) equipped with a universal Attenuated Total
Reflectance (ATR) sampling stage containing diamond crystal. All FTIR spectra were
recorded within frequency range of 4000-400 cm 1, Modification in the pattern of spectra was
analysed to study the interactions of heavy metal with the functional group of EPS. The peak
assessments of EPS for detecting their functional group was performed as per Beech et al.

(1999), Pagnanelli et al. (2000) and Kazy et al. (2002).

3. Results
3.1 Screening and isolation of bioluminescent bacteria

From the gut and intestine of Indian mackerel, total 14 luminescent colonies were
obtained. No bioluminescent colonies were obtained in case of Threadfin bream fish in any
of the media. From the ink sac of Indian squid sample, 23 luminescent colonies were
obtained. Luminescent colonies were clearly visible among many other non-luminescent
colonies under dark conditions. Out of these luminescent colonies one showing the
maximum blue-green light intensity from each kind of samples were subcultured on LuA
medium. Two strains designated as PBR1 and PBL1 were isolated from Indian mackerel and
Indian squid respectively (Fig. 2). Both the screened strains showed maximum luminescence

on LuA medium.
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Figure 2: Images showing luminescence expressed by (a) PBR1 and (b) PBL1 in dark room.

3.2 Phenotypical and functional characterization
3.2.1 Colony and morphological characterization

The colony characteristics of both the isolates were somewhat similar. The colonies were
small, round, mucoid, convex, transparent, showed entire margin with smooth surface and
were non-pigmented. However, on ageing colonies turned cream and translucent.

Microscopically, both the isolates were gram negative short rods.
3.2.2 Biochemical characterization

Various biochemical tests and phenotypical traits established that the isolates PBR1 and
PBL1 belonged to the genus Vibrio. Both the isolates were able to grow at 1.5 M NaCl
concentration. However, PBR1 could also tolerate up to 2 M NaCl. PBR1 and PBL1 could
flourish in temperature range of 20 to 40°C Optimum growth and luminescence of both
strains occurred at 25 *2 °Cwhile, they could also grow at the temperature as high as 45 °C.

Interestingly, PBL1 was able to grow at 4°C In terms of substrate utilization ability both



cultures were found to be quite similar as neither was able to utilize citrate, starch and
tributyrin; but were able to utilize gelatine. In enzymatic profiling, both isolates showed
positive results for lysin decarboxylase, catalase and oxidase. However, PBR1 was also able
to produce ornithin decarboxylase. None of the strains were able to utilize arginine, nitrate
and urea. In addition, production of acetylmethyl carbinol from glucose was not seen by both

strains. Presence of tryptophanase enzyme was detected in PBR1 only (Table 1).

Evidently, both PBR1 and PBL1 showed identical reactions in terms of sugar
fermentation. Out of 17 sugars tested, isolates were able to utilize and produce acid from
cellobiose, dextrose, fructose, galactose, maltose, mannose, sucrose and trehalose. However,
adonitol, arabinose, dulcitol, melibiose, raffinose, rhamnose, salicin, sorbitol and xylose were

not metabolized.
3.3 Molecular Analysis
3.3.1 g-DNA: extraction, purification and quantification

A260 using spectroscopy estimated that total yield of purified g-DNA was 356 and 364
ng/L for isolate PBR1 and PBL1 respectively. First and second degree DNA purity was
measured by absorption assessment by taking ratios at A2e0/Az2s0 and Aze0/Az30 respectively.
Values for ratio Az60/A280 was calculated for PBR1 (1.3) and PBL1 (1.79) were less than 1.8
which confirms no contamination of Protein and RNA in the extracted g-DNA. The values
obtained were between 2 and 2.1 for the ratio Aze0/Az230 and which suggests DNA free of

phenol contamination.

3.3.2 16s ribosomal gene: PCR amplification, identification and phylogenetic analysis

Results of gel electrophoresis revealed that the approximate length of amplicons
were of ~1000 bp for both the isolates. The identification was carried out based on top hit
displayed by BLAST results as the method described by Ramesh and Mohanraju (2017). 16S
rRNA gene sequence analysis showed that the isolate PBR1 and PBL1 belong to the genus
Vibrio as their gene sequences showed maximum similarity with Vibrio alginolyticus ATCC
17749 (98.12%) and Vibrio rotiferianus CAIM 577 LMG 21460 (100.0%) on performing

BLASTn analysis with the existing sequences of same gene in GenBank. In accordance with



similarity of the hypervariable region of 16S rRNA gene sequence, the isolates PBR1 (Fig. 3a)
and PBL1 (Fig. 3b) were identified as Vibrio alginolyticus PBR1 and Vibrio rotiferianus PBL1.

Vibrio alginolyticus ATCC 1774% (NR 117895.1)
Vibrio alginolyticus ATCC 17749 (NR 119049.1)
Vibrio alginolyticus NBRC 15630 (NR 121709.1)
Vibrio pelagius ATCC 25916 {NR 119059.1)
Vibrio natriegens NBRC 15636 ATCC 14048 DSM 759 (NR 117890,1)
Vibrio natriegens NBRC 15636 ATCC 14048 DSM 759 (NR 026124.1)
Vibrio paraheemolyticus ATCC 17802 (NR 119058.1)
Vibrio elginalyticus NBRC 15630 (KR 122060.1)
Vibrio campbeilii NBRC 15631[NR 113782.1)
Vibrio campbeilii CAIM 519 NBRC 15631 strain ATCC 25920 (NR 119050.1)
Vibrio rotiferianus CAIM 577 LMG 21460 (NR 042081.1)
Vibrio rotiferianus CAIM 577 LMG 21460 (NR 118091.1)
Vibrio alginolyticus NBRC 15630 (NR 113781.1)
w'_C Vibrio alginelyticus ATCC 17749 (NR 118258.1)
a0 Vibrio owensti CAIM 1854 LMG 25443 DYOS (NR 117424.1)

(a)

Vibrio alginolyticus NBRC 15630 [NR 122050.1)

Vibrio alginolyticus NBRC 15630 (NR 121709.1)

Vibirio alginolyticus NBRC 15630 (NR 122059.1)

Vibrio alginolyticus NBRC 15630 [NR 122060.1)

Vibrio azuwrens LCZ-005 (NR 117997.1)

Vibrio hepatarius LMG 20362 (NR D25491.1)

— Vibrio campbellii NBRC 15631 (NR 113782.1)

59 ke Wibric compbellii CAIM 519 NBRC 15631 ATCC 25920 (NR 119050.1)
Vibrio parchaemolyticus ATCC 17802 (NR 117693, 1)
Vibrio parahaemolyticus NBRC 12711 (NR 113604,1)
Vibrio parah [yticus ATCC 17802 (NR 114630.1)
Vibrio parahaemoiyticus ATCC 17802 (NR 041838.1)
Vibrio rotiferianus CAIM 577 LMG 21460 (NR 042081.1)

20 PO p—
1 Vibrio rotiferianis CAIM 577 LMG 21460 (NR 118091,1)

Vibrio purahaemolyticus ATCC 17802 (NR 114631.1)

(b)

Figure 3: Phylogenetic dendrogram based on 16S rRNA gene sequences using Neighbor-Joining
method showing the relatedness of (a) PBR1 and (b) PBL1 isolates (in bold) and close species. Digits
at nodes stands for the level of bootstrap support values after 1000 replications.



3.4 Assessment of susceptibility to various antibiotics & pathogenicity

From the antibiotic sensitivity assay, it was found that both the strains were resistant to
wide range of antibiotics including amikacin, ampicillin, cefotaxime, ceftizoxime,
cephalexin, cloxacillin, gentamicin, lincomycin, ofloxacin, piperacillin, and tetracycline.
However, chloramphenicol, ciprofloxacin, trimoxazole, gatifloxacin, levofloxacin, linezolid,
and roxithromycin were able to inhibit the growth of both the isolates (Table 2). f-hemolysin
test was performed to determine the pathogenicity of isolated bioluminescent strains. The
results suggested the non-pathogenicity of both the strains as they failed to produce clear
zone of hemolysin degradation. For the same assay clinical strain of S. aureus, used as
positive control and showed clear zone of hemolysis surrounding the colonies (figures not
shown). These results corroborate the non-pathogenic nature of both the bioluminescent

strains.
3.5 EPS: Production and extraction

The EPS plate assay preliminarily determined ability, of both strains, to utilize sugars
to produce EPS by typical ropiness of the mucoid colonies, after three days of incubation
period. This positive result served basis for the quantitative broth study. The influence of
incubation temperature on EPS production was carried out. Results revealed that both
organisms were actively involved in EPS production from sucrose. After recovery and
extraction, the maximum amount of EPS was obtained from PBR1 and PBL1 was 1.34 g%
(w/v) and 2.45 g% (w/v) after 72 h of incubation at 25+2°C respectively from broth
suggesting sugar to EPS conversion efficiency of 27% for PBR1 and 49% for PRL1 (Fig. 4).
Further, increase in temperature and incubation period showed reduction in the EPS yield.
Out of these two strains, PBL1 was found to be efficient EPS producer. The results suggested
that for both strains, the optimum conditions for maximum EPS production to be 25+2°Cand
an incubation period of 72 h. The nature of the EPSs produced by both strains was found to
be capsular. Authors’ here, for the first time report, an EPS producing Vibrio alginolyticus and

V. rotiferianus to be bioluminescent. Given the versatile application of EPS in various fields,



these isolates can be utilized in remediation of heavy metals from aquatic environments and

the luminescent nature of these microbes can be used to develop a light emitting biosensor.
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Figure 4: Graph showing production of EPS from PBR1 and PBL1.

3.7 Heavy metal tolerance assessment

Effect of various heavy metals with varying concentrations (100 to 500 mg/L) on
growth and luminescence was also evaluated. Results demonstrated that out of 8 metal
cations including As(III), Cd(1I), Ce(1I), Cr(III), Cu(II), Hg(II), Pb(II), and Sr(II) PBR1 and PBL1
both strains were highly resistant to Pb and Sr even at the concentration of 500 mg/L. By
observing the trend of toxic effect of each heavy metal on growth of PBR1, degree of toxicity
in the order of Cd>Hg>Cr>As>Ce>Cu suggesting Cd to be most toxic to both the strains (Fig.
5a and b). The organisms were able to grow and also showed luminescence in presence of

100 mg/L concentration of As, Ce, and Cu. When PBR1 was allowed to grow in the presence



of Hg and Cr with an increasing concentration of 100 to 500 mg/L. No inhibition of PBR1 was
observed by As and Ce below 200 mg/L concentration hence, suggesting relative resistance
to these metals as compared to Cd and Hg. No significant inhibitory effect of Cu on growth
and luminescence of PBR1 was observed up to 300 mg/L. However, there was reduction in
growth as well as luminescence above 400 mg/L concentration. Similar trends in growth and
luminescence were seen in PBL1 upon exposure to different metals (Fig. 5b). Though there
was significant difference in tolerance to As where PBR1 tolerated 100 mg/L concentration
while PBL1 had failed to grow. Plates showing the effect of various heavy metal on PBL1 is
shown in Fig. 6. During this study an effect of heavy metals on luminescence was documented
where it findings suggested that Cr, Pb, and Sr had no effect on luminescence even though Cr
has showed lethal effect on growth from 200 to 500 mg/L concentration [Fig. 6 (vii, viii, xiii-
xvi)]. However, Cd and Cu showed narrow zone of moderate decrease in luminescence
immediately after clear zone of growth inhibition [Fig. 6 (iii, iv, x)]. As, Ce and Hg showed
clear zone of growth inhibition which was followed by narrow zone of luminescence
stimulation. The intensity of light in these luminescence stimulation zones were in order of
Ce>Hg>As [Fig. 6 (i-ii, v-vi, xi-xii)]. This indicates that at low concentration of these three
metals stimulate the luminescence where their higher concentration of this metals has

detrimental effect on growth and luminescence directly.
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3.8 FTIR analysis: EPS and Metal adsorption

Based on the heavy metal tolerance assay, both strains were able to thrive in presence of
Pb and Sr, hence these metals were supplemented in EPS production medium. The EPSs
extracted from heavy metal supplemented EPS medium were appropriately labelled as:
EPSPb and EPSSr while the EPS extract extracted from the culture medium not supplemented
with heavy metals was labelled EPSC. The FTIR spectra of EPS¢ EPSPb and EPSS for both the
strains were overlapped and are shown in Fig. 7. The peak assignments are as follows: 3400-
3200 cm! represented the O-H vibration stretch or hydrogen bond, 3000-2800 cm! related
to C-H stretch vibration, 1850-1600 cm! due to the stretch vibration of C=0 bond, 1400-
1370 cm! attributed to C=0 bond and 900-1150 cm-! for C-O-C bond. The comparison of
FTIR spectra of EPSC¢ with EPSP® and EPSSr for both strains showed many shifts in
wavenumbers. In EPSC spectra of PBR1 and PBL1, region of 3500-3200 cm! shows the
stretching of the N-H bond of amino groups which lies within region dominated by a strong
and wide band of 3200-3600 cm-! due to presence of O-H of hydroxyl groups. In the spectrum
of PBR1-EPSPP and PBR1-EPSSr, the peak was shifted from 3268 cm! to 3267 cm! and 3234
cm! respectively. In case of PBL1-EPSPP and PBL1-EPSSr, the peak shifted significantly from
3252 cm1to 3278 cm! and 3284 cm-! separately. This is attributed to the role of amino and
hydroxyl groups in Pb and Sr binding. The EPS¢ of PBR1 showed peak at 2923 cm-! which
belongs to region of complex absorption at 2900-3000 cm! indicating asymmetric stretching
of C-H bond of CHz group associated with that of the CH3 groups. In case of PBR1, the peakin
this region was disappeared in spectra of EPSPP and EPSSr showing involvement of methyl
groups in metal binding. In contrast, the peak in 2900-3000 cm-! region was absent in the
spectra PBL1-EPSCindicating absence of methyl group. Bands related to proteins were found
to be present in all spectra. The bands around 1635-1684,1624 and 1555-1564 cm-! were
attributed to these protein related bands presented C=0 of amide [ and N-H/C=0 mixture of
the amide Il bonds. In case of PBR1, peak of EPSC obtained at 1624 cm-! shifted to the same
1640 cm! in spectra of EPSFb and EPSS. While in case of PBL1-EPSP? and PBL1-EPSSr, peak
of PBL1-EPSC at 1641 cm! shifted slightly to 1640 cm-l. Band obtained at 1556 cm-! for
PBR1-EPSC shifted to 1553 cm! and 1554 cm! in spectra of PBR1-EPSFP and PBR1-EPSSr

respectively in comparison of which band obtained in PBL1-EPSC at 1564 cm-! was found to



be absent after Pb and Sr exposure. A decrease of ~10-20 % in intensity was observed in
these C=0 and N-H stretching bands in case of PBR1-EPSPP and PBR1-EPSSr most likely shows
some alterations in the secondary structure of cellular proteins and other alternate
conformations as a result of metal binding. In EPSC of both PBR1 and PBL1 spectra peaks
obtained at 1402 cm'! and 1408 cm! depicts the presence of carboxyl groups. Shifting was
observed to 1408 cm! and 1407 cm! in spectra of PBR1-EPSPb and PBR1-EPSSr respectively.
A shiftin case of PBL1-EPSPb to 1405 cm ! was also observed, leaving the peak of PBL1-EPSS*
at 1408 cm! unchanged when compared to PBL1-EPSC. Peak rang of 1000-1100 cm-! shows
presence of carboxyl (C=0) and phosphate (P=0) groups in biopolymer. In case of PBR1-EPSC
two peaks in this region was obtained, 1043 cm-! and 1104 cm! out of which first peak was
shifted to 1057 cm?! and 1059 cm in the spectra of PBR1-EPSPb and PBR1-EPSSr
respectively. While second band (1104 cm1) was found to be absent in both spectra of EPSFP
and EPS®r of PBR1. PBL1-EPSC displayed peak at 1054 cm-! which was shifted to 1057 cm1
and 1065 cm! in the spectra of PBL1-EPSPP and PBL1-EPS®' in the same order. The detailed
study of the FTIR spectra revealed that hydroxyl, carboxyl group of amide [ and N-H/C=0
groups of amide II, phosphate groups were involved in biosorption of heavy metals Pb and
Sr from the metal supplemented EPS with and additionally, methyl group in case of PBR1-
EPS.
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4. Discussion

In this investigation, two bioluminescent bacterial strains, PBR1 and PBL1 were isolated
from a fish Indian mackerel and an Indian squid. Bioluminescent bacterium Kurthia gibsonii
have been isolated from Ornate Threadfin bream fish commonly known as Raja-Rani fish
(Vishwakarma et al, 2013). On the contrary, in this presented research work no
bioluminescent bacteria was obtained from the same fish sample which supports the results
published by Parasar et al. (2016). Balan et al. (2013) Carried out a study where
bioluminescent bacteria such as Shewanella hanedai, V. splendidus, V. fischeri and V. harveyi
were isolated from squid and cuttle fish. Luminescent species of Vibrio genus are widely
distributed among oceans and within its flora and fauna such as various marine plants,
fishes, squids and other crustaceans in either planktonic form or in a close association with
marine hosts respectively (Nawaz & Ahmed, 2011; CH & Mohanraju, 2019). Such symbiotic
associations can be mutualistic, parasitic or sometimes saprophytic (Hastings & Nealson,

1977).

Conventional approaches of bacteriology can help to detect usual pathogens but such
methods are cumbersome and erroneous sometime resulting in false identification and
henceforth, molecular identification is preferred (Balcazar et al, 2007; Ransangan &
Mustafa, 2009; CH & Mohanraju, 2019). For instance, a pathogenic V. campbellii was wrongly
identified as V. harveyi multiple times (Gauger & Gomez-Chiarri, 2002; Owens & Busico-
Salcedo, 2006; Lin et al., 2010). In order to eliminate such errors, in the presented study,
both approaches were used to identify the isolated bioluminescent bacteria. Under present
study, both isolates showed similarities in phenotypical and physiological characters with
respect to gram reaction, motility, as well as an ability to grow on varying NaCl concentration
and temperatures except luminescence when compared to genetically closely related
species. According the key tests suggested by Alsina and Blanch (1994), results obtained for
PBR1 showed that it is in the same cluster as V. campbellii and V. fischeri but in a different
cluster from V. harveyi whereas, PBL1 indicated that it is in same cluster as V. harveyi but in
different cluster from V. fischeri. In contrast to closely related non-luminescent species of

Vibrio, PBLR1 and PBL1 displayed negative results for nitrate reductase.



16S rRNA sequencing has proven to be useful as a molecular tool to classify and identify
the bacterial species (Ransangan & Mustafa, 2009; Cano-Gomez et al., 2015). Also to identify
the bacterial strains at species level, 16S rRNA sequence similarity should be 97.0% or above
(Thompson et al.,, 2004). Here, identification by molecular method using 16S rRNA gene
sequencing suggested both the isolates belonging to Vibrio were different strains which
would not have been detected using biochemical assays. Based on taxonomic analysis, these
isolates were identified as V. alginolyticus PBR1 and V. rotiferianus PBL1. Vibrio alginolyticus
strains previously been isolated from fishes and marine environment were found to be
luminescent which supports the results obtained in presented work (Ramesh & Mohanraju,
2017; Langaoen et al,, 2018). However, non-luminescent isolates of V. alginolyticus and V.
rotiferianus have also been reported from various other sources (Gomez-Gil et al., 2003;
Drouillard et al., 2015). This observation indicates that despite of close genetic similarities
between the strains there could be major differences in phenotypic and physiological
characteristics such as luminescence. Lal and Ransangan (2013) hypothesized that such
variability may have resulted due to gene transfer which occurs in both ways within the same
species as well as among the different genera. The horizontal gene transference of lux genes
in nature from luminescent V. harveyi to non-luminescent V. vulnificus and V. chagasii is well
demonstrated by Urbanczyk et al. (2014) out of which V. vulnificus biochemically had been
placed in same group as V. alginolyticus according to A-L-O test key (Alsina & Blanch, 1994).

The information regarding the antibiotic sensitivity and resistance by Vibrio sp. holds
importance since several strains have been reported to be pathogenic. Owing to this fact, it
was inevitable to assess antibiotic sensitivity assay for the strains under study. Strains of
Vibrio have found to gain resistance to ampicillin, tetracycline and gentamicin (Gomez-Gil et
al,, 2003; Langaoen et al,, 2018). Our findings were in agreement to those reported by Zhang
etal. (2019) suggesting our strains being resistant to above mentioned antibiotics. However,
PBL1 showed sensitivity towards ciprofloxacin and chloramphenicol which corroborates the
findings of Shanware et al. (2013). The luminescence of the V. rotiferianus was found to be
enhanced when it was grown under ampicillin stress (Shanware et al., 2013) whereas in
this study PBR1 and PBL1 failed to produce luminescence in presence of antibiotics. Here,

we failed to explain the phenomenon behind such contrast findings. The genus Vibrio



contains more than 30 species out of which 12 Vibrio species are pathogenic to humans
(Chakraborty et al.,, 1997). Few of Vibrio alginolyticus strains are previously reported to be
pathogenic (Fernandez-Bravo et al., 2019; Peng et al., 2019). Therefore, hemolysin is a
known putative factor in numerous pathogenic bacteria. It is an exotoxin that lyses
membranes of red blood cells along with excretion of haemoglobin and it is most widely
distributed among various pathogenic species of Vibrio genera (Shinoda, 1999; Jia et al,,
2010). Certain strains of Vibrio alginolyticus are known to be opportunistic pathogen for
human as well as for aquaculture (Peng et al,, 2019; Yu et al,, 2019). A study carried out by
Ruwandeepika et al. (2012) also suggested that the Harveyi clade of Vibrio genus includes
both pathogenic as well as non-pathogenic bacteria with the inclusion of V. alginolyticus into
pathogenic group. Therefore, to determine the pathogenicity of isolated V. alginolyticus
PBR1, $ hemolysin test was carried out which resulted in favour of non-pathogenicity of both
the strains. It is noted that Vibrio alginolyticus isolated from deep water lacked tdh and trh
genes coding for thermostable direct hemolysin (TDH) and/or TDH-related hemolysin
(TRH) indicating non-pathogenicity of the strain (Drouillard et al., 2015).

EPSs are well known for their applications in food, cosmetics, textile industries,
petroleum, agriculture and bioremediation and medical fields. In bioremediation, where
toxic pollutants are removed by means of biological compound or agent, EPSs have proved
to be potent remediating agent for removal of toxic heavy metals (Gupta & Diwan, 2017;
Shukla et al., 2019b). There are several reports on production and extraction of EPS from V.
alginolyticus isolated from various sources (Rui et al., 2008; Ye et al., 2008; Drouillard et al.,
2015). Bramhachari and Dubey (2006) reported for the first time, the EPS production by
bioluminescent V. harveyi. However, we could not find a single report on EPS production by
bioluminescent V. alginolyticus as well as V. rotiferianus. EPS produced by non-luminescent
V. alginolyticus was 0.1 g% (w/v) (Muralidharan & Jayachandran, 2003) whereas, our
luminescent V. alginolyticus PBR1 and Vibrio rotiferianus PBL1 produced significantly
greater volumes of EPS. Several reports suggest EPS producing Vibrio species including
Vibrio alginolyticus to lack the luminescence capability (Muralidharan & Jayachandran, 2003;
Bramhachari et al., 2007; Kavita et al., 2013; Drouillard et al., 2015). However, Bramhachari

and Dubey (2006) first reported one such luminescent Vibrio harveyi isolated from the



coastal regions of Goa, India to produce exopolysaccharides. We, for the first time, report an
EPS producing Vibrio alginolyticus and V. rotiferianus to be bioluminescent. Given the
versatile application of EPS in various fields, these isolates can be utilized in remediation of
heavy metals from aquatic environments and the luminescent nature of these microbes can

be used to develop a light emitting biosensor.

Before applying the strains for bioremediation development strategy as well as for the
production of biosensors, the strains under study had to be examined for its behaviour
against several heavy metals. Shanware et al. (2013) reported different results where V.
rotiferianus was inhibited various heavy metals in toxic order of Hg>Co>Cu>Fe>Pb>Zn. They
have demonstrated that V. rotiferianus was very sensitive to concentration as low as 50 mg/L
of these metals. However, we observed the sensitivity of heavy metals against PBR1 and
PBL1 in the order of Cd>Hg>Cr>As>Ce>Cu suggesting Cd to be most toxic and showed
resistance to heavy metals at two-fold concentration when compared to the reported results.
Such property may be attributed to epigenetic adaptation. Another study reported by Thakre
and Shanware (2015) two strains of V. harveyi that were also very sensitive to heavy metals
in terms of growth and luminescence. The toxicity orders of heavy metals were found to be
Hg>Pb>Fe>Cu and Fe>Pb>Cu>Hg for V. harveyi strains AB and DP respectively. These studies
indicated that bioluminescent V. harveyi strains were sensitive to even 0.05 mg/L
concentration of above-mentioned heavy metals and also, they demonstrated the decrease
in luminescence of the strains with increasing the heavy metal concentration. Interestingly,
in this study, both V. alginolyticus PBR1 and V. rotiferianus PBL1 were found to be completely
resistant to Pb and Sr in terms of both growth and luminescence. Ranjitha and Karthy (2012)
conducted a study where toxicity of different heavy metal was tested against various
luminous bacteria by microtiter plate method. The toxicity order was found to be
Hg>7Zn>Cu>Ag>Co>Ba. In addition, Ranjitha and Karthy (2012) concluded that the resistance
to heavy metals may have resulted from the presence of naturally occurring plasmids. Heavy
metals are known to have an oligodynamic effect on microorganisms (Tien et al.,, 2008; Ahn
et al., 2009) where clear zone of growth inhibition is obtained surrounding the well having
heavy metal solution or a heavy metal coin after incubation period which then followed by

narrower zone of metal stimulated growth and normal growth occurs in remainder of agar



surface (Salle & Salle, 1954). We also observed oligodynamic effect for Ce, As and Hg
however, other metals did not show such phenomenon and Cd even reduced the
luminescence. Another study reported by Balachandar et al. (2010) suggested that
bioluminescent bacteria isolated form marine organisms can act as biosensor for heavy
metal monitoring. Hence, we claim that a biosensor can be developed that can emit light in
detection of As, Ce and Hg while light sequestering upon Cd detection. The detailed compiled
data representing tolerance to heavy metals of various Vibrio species along with their EPS

producing ability is provided in the supplementary material file.

The FTIR Spectrum revealed presence various functional groups such as hydroxyl group,
methyl group, protein related amide I and amide II groups. A diverse variety of bacterial
genera such as Bacillus, Pseudomonas, Azotobacter, Shewnella have been well documented
for metal adsorption properties (Martinez et al.,, 2002; Borrok & Fein, 2005; Gauri et al,,
2011; Yuan et al,, 2019). Similar groups were found in EPS produced by Vibrio harveyi VB23
(Bramhachari & Dubey, 2006). Wang et al. (2014) reported the binding of EPS with heavy
metals tend to modify the bending and stretching of various functional groups of
polysaccharides. Metals tend to carry positive charge which interacts with negatively
charged functional groups of EPS. The groups such as -OH, -COOH, -NH, -C=0, -CHO have been
reported to interact with the metal ions. Moreover, EPS as well as other biopolymers have
cross-linked mesh like structures that traps the metal, changing the overall charge of this
large macromolecule (Pandya et al, 2015). Here we found the results that abides the
previous findings suggesting binding of heavy metals to the EPS which were revealed using
FTIR. The Use of FTIR has been extensive in studying interactions of metals with biopolymers
like EPS. Kazy et al. (2002) have shown the interaction of radionuclides with EPS by the use
of FTIR spectra. The shifting of peaks, as well as change in the intensity of the peak area
suggest increase or decrease in the functional groups contents directly engaging with the

metal (Yue etal,, 2015).



5. Conclusions

It can be concluded that Vibrio alginolyticus PBR1 and V. rotiferianus PBL1 isolated from
an Indian mackerel and squid, could produce exopolysaccharides and even bioluminescence.
Pathogenicity of the strains were also studied where we proved the strains to be non-
pathogenic and also reported sensitivity of antibiotics. The strains were screened for heavy
metal sensitivity and resistance where we found resistance towards Pb and Sr. For certain
metals the oligodynamic phenomenon was also observed. These findings could pave a path
towards developing luminescence based biosensor. Both the strains under study could
produce EPS and their characterization was performed for its heavy metal binding property.
Such EPS metal binding study could help us in devising a sustainable bioremediation

strategy.
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Table 1: Various characteristics of PBR1 and PBL1 compared with closest related species

Sr. Characteristics Bacteria
No. V. V. V. V.
PBR1  PBL1 harveyi parahaemolyticus natriegens campbellii

A Physiological

Phenotypical*:
01 Luminescence + + + - - -
02  Gram reaction - - - - - -
03  Motility + + + + - +
04  Growth on NaCl (% w/v)

0 - - - - - -

3 + + + + + +

6 + + + + D D

8 + - Vv + + \%

10 - - - - - -
05 Growth at Temperature (°C)

4 - + - - - -

20 + + ND + + +

30 + + + + + +

35 + + + + + +

40 + + D + + =
B Substrate Utilization*:
06  Citrate - - Vv + - Vv
07  Gelatin + + + + + +
08 Starch - - + ND ND ND
09  Tributyrin - - + ND ND ND
C Enzyme Production*:
10  Arginine dehydrolase - - - - - -
11  Lysin decarboxylase + + V + - D
12 Ornithin decarboxylase - + \YJ + - -
13  Catalase + + + + +
14  Oxidase + + + + - +
15  Nitrate reductase - - + + + +
16  Urease - - V V Vv -
D Others*:
17  Voges-Praskauer - - - - - -
18 Indole + - + + - +
E Sugar Fermentation

(Acid Production)t:
19  Adonitol - - - -
20  Arabinose - - D + D -
21  Cellobiose + + + - + D
22  Dextrose + + Vv + ND ND
23 Dulcitol - - - - ND ND
24 Fructose + + ND ND
25 Galactose + + D + D -
26  Malibiose - - - - + -
27  Maltose + + + + ND ND
28 Mannose + + + + + D
29 Raffinose - - - - ND ND
30 Rhamnose - - - - + -
31 Salicin - - D - D -
32  Sorbitol - - - - ND -
33  Sucrose + + - - + -
34  Trehalose + + + + + +
35 Xylose - - - - - -

+, positive; -, negative; V; variable between strains; D, delayed positive; ND, no data.
*(Alsina & Blanch, 1994), #(Garrity et al.,, 2006)



Table 2: Effect of various antibiotics on isolated strains PBR1 and PBL1

R, resistant; S, susceptible3

Sr. No. Antibiotic Strength Zone diameter (mm) Resistant/Susceptible
(mcg) PBR1 PBL1 PBR1 PBL1
01. Amikacin 30 - - R R
02. Ampicillin 20 - - R R
03. Cefotaxime 30 - - R R
04. Ceftizoxime 30 - - R R
05. Cephalexin 30 - - R R
06. Chloramphenicol 30 40 22 S S
07. Ciprofloxacin 5 21 13 S S
08. Cloxacillin 1 - - R R
09. Co-trimoxazole 25 33 19 S S
10. Gatifloxacin 10 10 8 S S
11. Gentamicin 10 - - R R
12. Levofloxacin 5 15 10 S S
13. Lincomycin 2 - - R R
14. Linezolid 30 25 25 S S
15. Ofloxacin 5 - - R R
16. Piperacillin 100 - - R R
17. Roxythromycin 15 14 8 S S
18. Tetracycline 30 - - R R




