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A MOLECULAR INSIGHT OF SOME PROBIOTIC BACTERIA TO ADDRESS
THEIR ANTAGONISTIC ACTIVITY AGAINST PATHOGENIC VIBRIOS
CAUSING SHRIMP MORTALITY
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ABSTRACT

The molecular basis of antagonistic activity of a number of probiotic bacteria was analyzed
using plasmid curing method. Earlier, six bacteria having potential probiotic activity under
laboratory conditions were screened from 96 isolates which were obtained from shrimp rearing
environment from south-west coastal region of Bangladesh. Among the isolated probionts, five
were subjected to plasmid curing method and three were found to harbor plasmids, as was revealed
in an agarose gel electrophoresis. Curing of these plasmids demonstrated that the bacteria lost its
antagonistic activity, indicating the activity could be plasmid-borne. The antagonistic activities of
the rest two isolates however, were not plasmid-oriented as no plasmid was recovered from them.
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Shrimp aquaculture production in much of the world is handicapped by disease,
particularly caused by luminous Vibrio spp. and/or viruses. A study conducted on
penaeid shrimp hatcheries of Cox’s Bazar, Bangladesh identified a good number of
pathogenic vibrios in the rearing waters (Rahman et al. 2010). Interestingly enough,
pathogenic vibrios have been reported to be liberated, once imported Artemia cysts of
commercial brands are hatched for feeding shrimp in hatchery operations of Bangladesh
(Fahmi et al. 2010). Antibiotics, which have been used in large quantities to inhibit these
bugs, are in many cases ineffective and additionally, added a burden of generating
antibiotic-resistant microorganisms if used in an uncontrolled fashion (Ama’Bile et al.
1995). The thought for avoidance of antibiotics use has led to several alternative
approaches for disease prevention, and the use of nonpathogenic bacteria as probiotic
biocontrol agents (Westerdahl et al. 1991, Smith and Davey 1993, Austin et al. 1995,
Verschuere et al. 2000) appeared as highly successful. Generally probiotics can be
defined as a consortium of microbial cells or its components that have a beneficial effect
on the health of host (Fuller 1989). The range of probiotics examined for use in
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aquaculture encompasses both Gram-negative and Gram-positive bacteria, bacterio-
phages, yeasts and unicellular algae (Irianto and Austin 2002). A Pseudomonas sp. for
example, isolated from a brackish water lagoon showed significant probiotic activity
against a number of shrimp pathogenic vibrios, while its safety in the shrimp and
mammalian system was found satisfactory (Vijayan et al. 2006). The losses of shrimp
production due to luminous vibriosis were found catastrophic and could not be controlled
even after use of antibiotics. The use of probiotic bacteria, afterwards produced no
disease and the shrimp survival was recorded satisfactory (Moriarty 1998).

Given the philosophy of designing the products and processes that minimize the use
and generation of hazardous chemicals, probiotic technology could be considered as an
approach to green chemistry. It aims to avoid problems before they happen. In this study,
attempts were made to address the molecular mechanism of probiotic activity of five
probiotic bacteria, previously isolated from shrimp rearing environment (Rahman et al.
2011). Such an analysis is essential for the understanding and implementation of
probiotic technology here in Bangladesh.
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Fig. 1. Electrophoresis on a 0.5% agarose gel after plasmid extraction. While lane 1
contains a 1 kb DNA marker, lanes 2-6 accommodate the plasmids extracted from
strains ‘A’, ‘B’, ‘D’, ‘E’ and ‘F’, respectively. The presence of plasmids is indicated
with arrows.

This study was conducted with five putative probiotic bacteria, hereafter designated
as, ‘A’ (for SCT10P2), ‘B’ (for SCS192N), ‘D’ (for SCT012C), ‘E” (for SCT015C) and
‘F’ (for SCT013C) (Rahman et al. 2011). These bacteria were isolated using different
culture media by observing zone of inhibition against pathogenic vibrios (Rahman et al.
2010). The probiotic potential was initially examined in agar diffusion assay, and the
observation was finalized with the concatenation of screening including characterization,
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ensuring mammalian safety, and cytotoxicity test; and presumptive identification by
microscopic observation and biochemical properties (Rahman et al. 2009, 2011). In this
study, these five isolates were examined for presence of plasmid, followed by their curing
(removal) if present, in order to correlate their involvement in bringing about antagonistic
activity against the pathogenic organisms.

Plasmid extraction was accomplished using pure link Quick plasmid Miniprep kit
(Invitrogen, Life Technologies Corporation, USA) following the manufacturer’s
instruction. Extracted plasmids were visualized by electrophoresis on a 0.5% agarose gel
followed by staining with ethidium bromide (Et-Br). Distinct bands for plasmids, having
>10 kb sizes were observed in gel, but only for isolates ‘B’, ‘D’, and ‘E’; while ‘A’ and
‘F’ did not produce the same (Fig. 1).

Curing of plasmid was performed by the method of Tomeda et al. (1968). An
overnight culture of each test organism in Luria Bertani (LB) broth was diluted up to a
concentration of 10 cells/ml. From this diluted culture, 0.5 ml was added in to 4.5 ml LB
containing curing agent, Et-Br at concentrations of 75, 100 and 125 pg/ml, to get a
bacterial population of 10° cells/ml. The cultures were then incubated at 37°C in an
orbital shaker at 150 rpm for 48 hours and subsequently sub-cultured in LB agar medium
and incubated overnight at 37°C with a view to obtaining bacterial colonies lacking
plasmids. To score this type of cells, individual colony was selected and inoculated into
2 ml LB broth medium for an overnight incubation at 37°C. Plasmid miniprep from 1 ml
broth of one-day-old culture was done to confirm that the cells lost their plasmids, as
revealed by an agarose gel electrophoresis.

Antagonism assay was done by well diffusion assay on Mueller Hinton Agar (MHA)
medium (Bauer et al. 1966, Vijayan et al. 2006) for the probiont before and after curing
plasmid to compare their antagonistic activity against the target pathogen Vibrio harveyi.
After 3-day incubation at 30°C, the culture supernatant of the probiotic bacteria with or
without plasmid-bearing condition was collected and added into wells in MHA medium
that was previously swabbed with the target organism. The zone of inhibition was
observed in the following day. While the wild-type strains produced zones of inhibition
against the pathogenic vibrio, the same strains produced gradually decreased sizes of
zones of inhibition around the wells with the treatment of increasing concentration of
Et-Br (Panel A, Fig. 2), and this size was found zero when the Et-Br concentration was
125 pg/ml (Panel B, Fig. 2). This observation clearly indicates that the strains B, D and E
owe their probiotic potential to the plasmids harbored inside, removal of which
eventually abolish this potential completely.
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Fig. 2. Well diffusion assay produces zones of inhibition, marked with arrows for the growth
of Vibrio harveyi around the wells, containing cell-free supernatant of probiotic strains,
‘B’, ‘D’ and ‘E’ as indicated in the Fig. This was done before (plate 1) and after
plasmid curing assay with Et-Br at its 75 (plate 2), 100 (plate 3) and 125 (plate 4)
pg/ml concentrations (Panel A). The bar graph illustrates the zones of inhibition
produced against the growth of V. harveyi in response to the probiotic bacterial strains:
B, D and E. Curing with 75, 100 and 125 pg/ml concentrations of Et-Br show the
gradual decrease of the zones of inhibition (Parel B).

The application of probiotics is now becoming the emerging therapy; alternative to
antibiotics. This study identified three potent probiotic strains whose probiotic potentials
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against vibrio pathogens were contributed by the plasmids they harbored in cytosol. From
experience, it was revealed that the environmental strains tend to shed their acquired
potential, e.g. probiotic activity, upon prolonged storage in laboratory conditions. Hence,
the long-term effectiveness of a probiotic isolate from the natural environment remains a
tricky question. If the plasmids contributing probiotic potential could be isolated, and
their effectiveness could be verified upon transformation into competent cells of
laboratory strains, a smart approach would be to construct a plasmid bank conferring
probiotic activity against a selective group of organisms. This will enable to prepare
bacterial cells upon transformed with the plasmid conferring probiotic potential, and
hence could be delivered in sites in need at any given time. The current concern is to
build up such a plasmid bank, collected from environmentally isolated probiotic strains
that could be readily dispensable upon requirement.
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