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Regular article

Antagonistic activities against candidate indicator strains, adhesion to mucus and biofilm formation of potential probiotic strains isolated
from Poecilia reticulata were evaluated. Four isolated strains (MBTU_PB1, MBTU_PB2, MBTU_PB3 and MBTU_PB4) showed
moderate to strong antagonistic activities against the tested five indicator strains (Aeromonas hydrophilal739, Vibrio cholera 3906,
Flavobacterium 2495, Acinetobacter 1271 and Alcaligenes 1424) and these isolates were further identified using biochemical tests and
16S rDNA gene sequence analysis. Except the whole cell product, the other three cellular components, namely, heat-killed whole cell
product, intracellular product and extracellular product of all the four selected isolates were equally effective, as revealed by the zone
of inhibitions to the tested indicator strains. The in vitro adhesion property or the ability of colonization is often considered as a selection criteria

for probiotics. All the selected four strains had higher adhesion abilities than the indicator strains. Further, these four strains had the ability to
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form biofilms on polystyrene surfaces. The in vitro characterization of these four strains suggests possibility of using the isolates, as

individual strain or in combination, for probiotic therapy in aquaculture.
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INTRODUCTION

Aquaculture is rapidly increasing globally and it has a significant economic
importance. However, protection of farmed fish from various diseases, especially
in early stages of their life, is a prerequisite for increasing production and further
development of aquaculture. Combined with the problem of antibiotic
contamination of aquaculture facilities and livestock, the indiscriminate
worldwide use of antibiotics in aquaculture has led to the development of drug-
resistant bacteria that are becoming increasingly difficult to control and eradicate
(Bruun et al., 2000). An alternative disease prevention method that involves the
use of non-pathogenic bacteria as probiotics is proposed (Austin et al., 1995).
Probiotics is generally defined as viable micro organisms that when applied to
human or animals, beneficially affect the health of the host by improving the
indigenous microbial balance (Fuller, 1989). A good pool of candidate probiotics
is of importance in the development of commercial probiotics in aquaculture.
Bacteria in aquatic ecosystems might produce antimicrobial substances inhibiting
the growth of other microorganisms (Giri et al., 2011). Selection of potential
probiotic strains is based on many different criteria, such as acid and bile
tolerance (tolerance to gastrointestinal environment), antagonistic activity against
pathogens and survival in gastric juice.

Adhesion of probiotic microorganism to the intestinal mucosa is considered
important for many of the observed probiotic health effects. Adhesion is regarded
a prerequisite for colonization in fish intestinal tract, antagonistic activity against
enteropathogens, modulation of the immune system and for increased healing of
the damaged gastric mucosa (Ouwehaand et al.,1999). In nature, the bulk of
bacterial biomass is believed to exist as an adherent community of cells called a
biofilm. A well-established biofilm of probiotic bacteria might prevent the
proliferation of fish pathogenic bacteria, e.g., Roseobacter 27-4 showed high
adhesion capability and formation of biofilm under growth conditions, which
facilitates its production of an antibacterial compound, tropodithietic acid (Bruhn
et al., 2005). Adhesion is the capture and/or entrapment of cells in a biofilm. This
refers to the interaction of the bulk liquid (mucus) compartment components with
the biofilm components, which in contrast to adsorption, occurs at the liquid-
substratum interface (Characklis et al., 1990).

The use of probiotic is an important management tool, but its efficiency
depends on understanding the nature of competition between species or strains.
Antimicrobial activity is thought to be an important means for probiotic bacteria
to competitively exclude or inhibit invading bacteria. We recently reported the
isolation and selection of potential probiotic bacteria from the natural flora of
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guppy based on their production of antimicrobial substances (such as, bacterocin-
like inhibitory substances), antibiotic sensitivity tests, plasmid profiles and in
vitro growth characteristics like lag period and doubling time (Balakrishna and
Keerthi, 2012; Balakrishna and Kumar 2012; Balakrishna 2013). Potential
probiotic bacterial species differ in terms of their bioavailability, metabolic
activity and mode of action. However, to be used in host-associated activities,
they all must be non pathogenic and non-toxic. In addition, probiotic bacteria
must survive the transition to the target niche and then persist, serving to protect
the host against infection by pathogenic microorganisms. To address these related
issues, four potential probiotic strains from guppy identified at molecular level
was studied for their probiotic properties such as in vitro antagonistic activity of
the cellular components and adhesion to the fish mucus. Furthermore, the
selected isolates were tested for their ability to form biofilms.

MATERIAL AND METHODS
Bacterial strains

Forty six bacterial isolates were collected from the skin, gill, gut, and intestine of
common guppy, Poecilia reticulata (from Kerala, India) using serial-dilution
plating method in nutrient agar. Five bacterial strains (Aeromonas hydrophila
1739, Vibrio cholera 3906, Flavobacterium 2495, Acinetobacter 1271 and
Alcaligenes 1424) pathogenic to guppy were used as indicator strains (standard
cultures collected from Microbial Type Culture Collection (MTCC) Chandigarh,
India). Four of the isolated strains, namely, MBTU_PB1, MBTU_PB2,
MBTU_PB3 and MBTU_PB4 (Balakrishna and Keerthi, 2012) were studied in
detail for its antimicrobial substances.

Antimicrobial activity assay

The antibacterial activitiy was assessed against the five indicator strains using
agar disc-diffusion method (Balakrishna and Keerthi 2012). To obtain the cell
free supernatant (CFS), the bacterial isolates were inoculated in tryptone soya
broth (TSB) and allowed to incubate at 37°C for 36 h on an orbital shaker at 120
rpm. The samples were centrifuged at 12,000 rpm for 15 min at 4 °C and the
supernatants were filtered through 0.22 pum filters using a sterile membrane filter
assembly. An aliquot of 50ul of the resulting CFS was applied to 6 mm sterile
discs (Hi Media) on Miiller-Hinton agar plates previously swabbed with the
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suspension of indicator strains. The plates were incubated at 37 °C for 24 h to
record the zone of inhibition around the disc.

Bacterial identification

All the four isolates were identified using bio Mérieux VITEK 2 compact system
(Version 03.01 software) identification cards as well as 16S rDNA gene
sequencing. The bacterial genomic DNA isolation of the samples was performed
following the procedure of Sambrook et al. (1989). Polymerase chain reaction
(PCR) amplification was carried out with universal bacterial primers: forward,
5-AGA GTT TGA TCC TGG CTC AG-3"and reverse, 5'-GGT TAC CTT GTT
ACG ACT T-3". The sequence of the insert was determined using the automated
DNA sequencer. The basic local alignment search tool (BLAST) program
(www.ncbi.nlm.nih.gov/blst) was employed in order to assess the degree of DNA
similarity. Multiple sequence alignments and molecular phylogenies were
evaluated using ClustalW2 at the European Bioinformatics Institute
(http:/Aww.ebi.ac.uk). The sequences were deposited in the National Centre for
Biotechnology Information (NCBI) gene bank data base.

Antagonistic activity of cellular components

Four types of antimicrobial metabolites, namely, heat killed whole cell product
(HKWCP), whole cell product (WCP), intra cellular product (ICP) and extra
cellular product (ECP), were prepared from all the four isolates according to Das
et al. (2006). Briefly pure cultures of the strains were grown separately in sterile
conditions in 250 mL of brain heart infusion broth (HiMedia, India) at 37 °C for
24 h. The optical density (OD) of 24h old cultures was taken for each bacterium.
The ODs4s of all the four isolates was adjusted to 0.5 which corresponded to
1.96x10°CFU mL™, 1.6x10°CFU mL™, 1.78x10°CFU mL™ and 2.17x10°CFU
mL* for MBTU_PB1, MBTU_PB2, MBTU_PB3 and MBTU_PB4, respectively.
The protein estimation of the protein fractions from the isolates was determined
according to Bradford (1976). The isolates grown separately in BHI broth were
harvested after 24 h incubation and centrifuged at 12,000 rpm for 10 min at 4 °C.
The bacterial pellets were washed twice and resuspended in phosphate buffered
saline (PBS) (pH 7.2) and used as WCP for the antagonistic study. The
supernatants obtained after centrifuging 24 h old cultures of isolates in BHI broth
were filtered (0.22pum). They were further concentrated with 20% PEG, dialysed
against PBS (pH 7.2) and applied as ECP. Each WCP was heat killed at 60°C for
1 h in a water bath and finally stored at -20 °C before being employed as
HKWCP. The bacterial pellets of the isolated strains were washed twice and re-
suspended in PBS (pH 7.2), to 2% of the initial volume. The cell pellets were
then sonicated at 50 Hz for 5 min (SONICS, VCX-130) filtered through a
millipore syringe with a 0.45 pm filter and finally stored at -20 °C and used as
ICP.

All statistical analyses were carried out using Origin Pro software. The results are
expressed as mean =+ standard error.

Treatment of bacteria prior to adhesion

The four probiotic strains and the five indicator strains were propagated separately
in TSB overnight at 37°C. Bacteria were harvested by centrifugation (10,000
rpm, for 10 min) at 4°C and washed twice with PBS. The optical density of the
bacterial suspensions at 600 nm was adjusted with PBS to 0.5 +0.02 giving a
count that varied between 10° and 108 CFUmL™.

Isolation of crude fish mucus

The fish were starved for 48 h and the intestines were then removed, transferred
to sterile petri dishes and the mucus collected by scrapping the inner intestinal
surface with the rubber spatula. The mucus was then homogenized in PBS. All
mucus preparations were centrifuged twice at 27000 rpm for 15 min at 4°C to
remove the particulate and cellular materials. The mucus suspensions were
finally sterilized by UV light exposure or sterilized by filtration through a 0.45
um filter and stored at -20 °C until use.

In vitro adhesion assay

The crystal violet method was used to determine adhesion ability of the four
selected strains and the five indicator strains, separately (Vesterlund et al., 2005).
The test cultures were added as a volume of 100 pL into micro titer
polystyrene plate wells previously coated with 150 pL of fish intestinal mucus.
The greater volume of the mucus compared to the volume of the added bacteria
is used to avoid the contact of the stain with the polystyrene. Bacteria were
adhered at 37°C for 1 h and the non adherent bacteria were removed by
washing the wells three times with 250 puL of PBS. The adherent bacteria were
fixed at 60°C for 20min and stained with crystal violet (100 puL per well, 0.1%
solution) for 45 min. Wells were subsequently washed five times with PBS to
remove excess stain. The stain bound to the bacteria was released by
adding100 pL of citrate buffer (pH 4.3). After 45 min incubation at room
temperature, the absorbance values at 640 nm were determined using the micro
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titer plate reader. Stained mucus without added bacteria was used as negative
control. Results were expressed by subtracting the absorbance value of this
negative control from absorbance value recorded for all samples according to
Vesterlund et al. (2005). Each experiment was performed in triplicate.

Biofilm formation and quantification

Sample preparation for scanning electron microscopy (SEM) studies was
performed as described by Lembke et al. (2006). The biofilms of the four
selected isolates on the glass pieces were fixed for 1 h. in a solution containing
2.5% gluteraldehyde. The glass pieces were washed in 0.1 M sodium acetate
buffer (pH 7.3). Samples were dehydrated through a graded series of ethanol,
dried, coated with platinum and examined using JEOL 6390 (Japan).

The commonly used microtitre-plate method by Rode et al. (2007) was applied in
the present study for the quantification of biofilm formation by bacterial strains
on polystyrene. Briefly, the wells of sterile 96-well polystyrene microtitre-plates
were filled with 230 uL of TSB. 20 uL cultures of the four selected strains and the
five indicator strains were added into each well separately. The negative control
wells contained TSB only. The plates were incubated aerobically for 24 h at
tested temperature (37°C). The content of the microtitre-plates was poured off
and the wells were washed three times with 300 pL of phosphate buffer. The
remaining attached bacteria were fixed with 250 pL of methanol per well. After
15 min, microtitre-plates were emptied, air dried and stained with 250 pL per
well of 1% crystal violet for 5 min. The excess of stain was rinsed off by placing
the microtitre-plates under running tap water. After the microtitre-plates were air
dried, the dye bound to the adherent cells was extracted with 250 uL of 33%
(v/v) glacial acetic acid per well. The absorbance of each well was measured at
570 nm using a UV-Vis spectrophotometer. Based on the absorbance (Asz)
produced by the bacterial films, strains were classified into four categories
(Christensen et al., 1985; Stepanovic, et al., 2000): A < A; = no biofilm
producer (0); Ac< A < (2A;) = weak biofilm producer (+); (2Ac) < A < (4A;) =
moderate biofilm producer (++); (4A;) < A = strong biofilm producer (+++),
where the cutoff absorbance A; was the mean absorbance of the negative control.
All tests were carried out in triplicate and the results were averaged.

RESULTS AND DISCUSSION
Antimicrobial activity assay

Screening of the antagonistic activity of forty six bacterial isolates was carried out
against five indicator strains. Thirteen dominant isolates were screened from the
above strains on the basis of their similar colony morphology characteristics,
gram stain, shape, color, motility. Four bacterial isolates producing maximum
inhibition zones against five indicator strains were selected for further
identification and probiotic characterization. In this study, the four major isolates
showed weak to strong antagonistic activities against the five indicator strains
throughout the sampling time. The degree of inhibition varied with respect to the
isolate, indicator strain and also the incubation time. Of the forty six isolates,
four strains (MBTU_PB1, MBTU_PB2, MBTU_PB3 and MBTU_PB4) showed
moderate to strong inhibitory activities against the five indicator strains and these
isolates were further selected and identified using 16S rDNA gene sequence
analysis. MBTU_PB2 and MBTU_PB3 belonged to the genus Staphylococcus,
while MBTU_PB1 and MBTU_PB4 belonged to the genera Enterobacter and
Acinetobacter, respectively. Normal flora has a well defined role in the immune
status of an organism, e.g., more than 10% of the bacterial isolates from intestinal
tract of the fish exhibited antagonistic action (Sugita et al., 1996). This was our
motivation to use the organism itself as a source for the isolation of probiotics
and the result was promising: primary screening clearly indicated that the thirteen
isolated bacterial strains were the major micro flora of guppy. Therefore, we can
assume that this major microflora has a well defined role in the immune status of
the guppy. Probiotics developed for human use (e.g. Lactobacillus sp.) or for
veterinary use (e.g. Bacillus sp.) are being applied for aquatic species too.
However, there is a high degree of variability in the outcome since these
terrestrial probionts have differential activity in the diverse aquatic environment
(Azad and Al-Marzouk, 2008). Therefore, probiotic bacteria isolated from the
host environment or from the host itself could be better candidates, as these
microorganisms are expected to perform well in their natural milieu.

Identification of isolated strains

Biochemical tests (VITEK 2) indicated that among the four isolates which
showed the highest antimicrobial activities, two were gram-positive cocci,
namely,MBTU_PB2 and MBTU_PB3, belonging to the genus Staphylococcus.
The remaining two were the gram-negative rods, namely, MBTU_PB1 (genus
Enterobacter) and MBTU_PB4 (genus Acinetobacter). The results for the
identification of the isolates obtained from the biochemical tests were further
confirmed by 16S rDNA gene sequencing (NCBI GenBank accession numbers
JN247799, JN247800, JN247801 and JN247802 for MBTU_PB4, MBTU_PB3,
MBTU_PB1 and MBTU_PB?2, respectively).
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Protein estimation of different cellular components of isolated strains

The protein contents of ICP, WCP, HKWCP and ECP from the isolates are given
in Table 1. Among the different cellular components of all the strains, the ICP of
MBTU_PB4 contains the highest protein concentration (41.2pg mL ™) and the
lowest protein content is observed in the ECP of MBTU_PB2 (5.2 ug/ mL ™).

Table 1Protein estimation

Bacterial Concentration of cellular components (ug mL™)

isolates WCP ECP HKWCP ICP
MBTU_PB1 6.4 115 6.0 16.7
MBTU_PB2 25.3 5.2 29.1 38.9
MBTU_PB3 8.6 38.5 8.2 30.5
MBTU_PB4 7.4 7.8 9.6 41.2

Heat killed whole cell product -HKWCP, whole cell product -WCP, intra cellular product -
ICP and extra cellular product - ECP

Biocontrol study using cellular components of isolated strains

Results obtained from the WCP, HKWCP, ECP and ICP of the four isolated
strains against the five indicator strains are shown in Fig 1. The WCP of each
isolate showed no inhibitory activity against all the investigated indicator strains,
as compared to PBS control (0 mm).The results also revealed that among the
different cellular components, the ECP of each isolated strain was found to be
highly effective and produced a zone ranging from approximately 18 to 35 mm
against all the five indicator strains. The highest recorded inhibition zones for the
HKWCP samples were observed by the three selected strains against Alcaligenes
(26 mm += 0.7 mm, 22 mm = 0.6 mm and 26 mm * 0.3 mm for
MBTU_PB1,MBTU_PB2 and MBTU_PB3, respectively),while MBTU_PB4
showed the highest zone of inhibition for the HKWCP with Flavobacterium (24
mm + 0.3 mm). Of the three cellular products (HKWCP, ECP and ICP), the ICP
produced the lowest activity in almost all cases.
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Figure 1 Zones of inhibition of cellular components of (a) MBTU_PB1,(b)
MBTU_PB2, (c) MBTU_PB3 and (d) MBTU_PB4 against five indicator strains. VValues
are represented as mean =+ standard error

The characteristics of the selected four bacterial isolates were relevant for the
biological control of the five indicator strains. The antibacterial effect of bacteria
is generally due to either individual or joint production of antibiotics,
bacteriocins, siderophores, lysozymes and proteases and alteration of pH by
organic acid production. The inhibition due to such compounds is highly
dependent on the experimental conditions, which are different in vitro and in
vivo. It has been suggested that the effect can be dependent on the assay
conditions, such as the amount and purity of bacteriocin, culture media, indicator
strain and its cellular concentration (Das et al., 2006). A probiotic mixture was
more effective than applying a single species. Additionally, the complementary
responses to pathogens were desirable because each bacterial strain can assume a
different niche for an effective response (Salinas et al., 2005). The study of the
effect of cellular components of the selected four strains against the indicator
strains showed that the WCP of each isolate had no inhibitory activity against the
tested indicator strains. The HKWCP, ECP and ICP components of the four
isolates were effective, as revealed by the zone of inhibitions to all the tested
indicator strains. Of these three, ECP and HKWCP were equally effective
showing maximum inhibition towards all the indicator strains. We observed no
association between protein contents of different cellular components and their
zone of inhibition toward pathogens. The cellular components of lactic acid
bacteria are reported to have the ability to inhibit the growth of various fish
pathogens in vitro conditions (Verschuere et al., 2000). Hence, lactic acid
bacterial strains can be considered a very promising alternative to the use of
chemotherapeutic agents (Verschuere et al., 2000). Giri et al. (2011)
characterized the antagonistic activity of cellular components of potential
probiotic bacteria isolated from the gut of healthy rohu (Labeo rohita), a tropical
freshwater fish, against the fish pathogen, Aeromonas hydrophila. Due to the
increase in therapeutic resistance to the more commonly used antibiotics and the
anti-pathogenic (Del et al., 1998) actions of the cellular products, there appears to
be a potential for the selected four isolates in the control of aquaculture diseases
in fishes, particularly against the tested indicator strains. Further assays are
necessary to characterize the anti-pathogenic metabolites excreted by these
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selected four isolates. There were many reports of antimicrobial properties of
normal flora (Lee et al., 2001).

In vitro adhesion assay

The four selected strains and the five indicator strains were tested for their ability
to adhere to intestinal fish mucus. The results revealed differences in adhesion
among both the isolates and the indicator strains. The selected isolates all
competed and adhered more than the indicator strains, which significantly showed
poor adhesion to the intestinal mucus. Among the isolated strains, MBTU_PB4
(ODe4o = 0.56 £ 0.03) was found to adhere significantly better than all the other
isolated strains, while Vibrio cholera (ODgyp = 0.21 + 0.02) showed better
adhesion ability compared to the other four indicator strains. The ability to adhere
to epithelial cells and mucosal surfaces to reduce or prevent colonization of
pathogens has been suggested to be an important property of many bacterial strains
used as probiotics (Vine et al., 2004b). Cell adhesion is a complex process
involving contact between the bacterial cell membrane and interacting surfaces.
Several researchers have reported investigations on composition, structure and
forces of interaction related to bacterial adhesion to intestinal epithelial cells and
mucus (Del et al., 1998; Pérez et al., 1998). In addition, adhesion-promoting
proteins, which are present on the cell surface of Lactobacillus fermentum and
Lactobacillus brevis have been isolated and characterized (Rojas et al., 2002).All of
the four selected isolates competed and adhered more than the tested indicator
strains which significantly showed poor adhesion to the intestinal mucus. Among
the isolated strains, MBTU_PB4 adhered significantly better than all the other
isolated strains, while Vibrio showed better adhesion ability when compared to the
other four indicator strains. The mechanism of adhesion is not studied here, and
remains unclear. Servin and Coconnier (1993) showed that the lactobacilli
adhesion process included passive forces, electrostatic interaction, hydrophobic and
steric forces. It has been reported that lipoteichoic acids are one of the factors
responsible for adhesion of Lactobacillus johnsonii Lal (Granatoet al., 1999).

Biofilm formation and quantification

SEM studies were performed to elucidate the potential of the four selected strains
to form biofilms. Scanning electron micrographs revealed dense biofilm
formations (see Fig 2) on the surface of the glass pieces by three of the isolated
strains MBTU_PB2, MBTU_PB3 and MBTU_PB4.

At the optimum growth temperature (37°C), MBTU_PB3 had the maximum ability to
form biofilm, while MBTU_PB2 and MBTU_PB4 displayed moderate biofilm
productions. MBTU_PB1 showed the weakest ability to form biofilm among the
selected isolates. These results are in good agreement with the SEM analysis. Similar
behavior was obtained for indicator strains where V. cholerae, Flavobacterium and
Alcaligenes being the highest biofilm producers (+++), while A. hydrophila and
Acinetobacter showed moderate biofilm productions at their optimum growth
temperature (37°C).

Figure 2 Scanning electron micrographs of biofilm formed by MBTU_PB3 on the
glass surface

In nature, the bulk of bacterial biomass is believed to exist as an adherent
community of cells called a biofilm (de Kievit, 2009). Roseobacter27-4 formed
biofilms, which facilitated its production of an antibacterial compound,
tropodithietic acid (TDA) (Bruhn et al., 2005). The combination of forming both
rosette and biofilm and producing TDA may be optimal for a probiotic bacterium.
The present investigation indicated dense biofilm formations by the three selected
strains (MBTU_PB2, MBTU_PB3 and MBTU_PB4). Quantitative analysis of the
biofilm production showed that, of these selected strains (at identical conditions),
MBTU_PB3 had the highest ability to form biofilm.

86

CONCLUSION

The investigation has demonstrated the in vitro antagonistic activity in isolated
strains of guppy. The main application of these probiotic strains would be to
exploit their benefits by limiting the appearance of pathogenic bacteria in
freshwater aquaculture systems. Today, aquaculture sector face constraints in
maintenance of proper culture conditions especially due to disease outbreaks,
nutritional status and water quality. Probiotic therapy can manage these
problems very effectively. The antagonistic activity proposed in our study has to
be confirmed in future in vivo experiments and this novel probionts needs to be
chemically characterized for their anti-bacterial compounds.
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