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Abstract The objective of this study was to characterise
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. Three potential probiotic
strains (referred to as R1, R2, and R5) were screened using
a well diffusion, and their antagonistic activity against
A. hydrophila was determined. Biochemical tests and 16S
rRNA gene analysis confirmed that R1, R2, and R5 were
Lactobacillus plantarum VSG3, Pseudomonas aeruginosa
VSG2, and Bacillus subtilis VSGI1, respectively. Four
different fractions of cellular components (i.e. the whole-
cell product, heat-killed whole-cell product [HKWCP],
intracellular product [ICP], and extracellular product) of
these selected strains were effective in an in vitro sensi-
tivity test against 6 A. hydrophila strains. Among the cel-
lular components, the ICP of R1, HKWCP of R2, and ICP
of RS exhibited the strongest antagonistic activities, as
evidenced by their inhibition zones. The antimicrobial
compounds from these selected cellular components were
partially purified by thin-layer and high-performance liquid
chromatography, and their properties were analysed. The
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ranges of pH stability of the purified compounds were wide
(3.0-10.0), and compounds were thermally stable up to
90 °C. Considering these results, isolated probiotic strains
may find potential applications in the prevention and
treatment of aquatic aeromonosis.
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Introduction

Bacterial infections are considered a major cause of mor-
tality in fish hatcheries. Aeromonas hydrophila is a path-
ogen that affects a wide variety of freshwater fish species
[1]. Combined with the problem of antibiotic contamina-
tion of aquaculture facilities and livestock, the indiscrimi-
nate worldwide use of antibiotics in aquaculture has led to
the development of drug-resistant bacteria that are
becoming increasingly difficult to control and eradicate [6,
28]. An alternative disease prevention method that involves
the use of non-pathogenic bacteria as probiotics is pro-
posed [2]. The role of lactic acid bacteria as probiotics in
the digestive tract has been extensively studied in endo-
thermic animals and humans [4, 26]. Lactic acid bacteria
were recently described as part of the normal microbiota in
freshwater fish [26, 35, 36]. The production of antimicro-
bial substances by Bacillus species isolated from Japanese
costal fish, and their use as a biocontrol agent, is reported
[30, 31]. The antagonistic activity of Pseudomonas against
a number of pathogens (e.g. Aeromonas and Vibrio sp.) has
also been documented [8, 37]. Furthermore, probiotic
treatment leads to better protection of fish against multiple
diseases [1].
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Bacteria in aquatic ecosystems might produce antimi-
crobial substances inhibiting the growth of other microor-
ganisms [12]. Bacterial strains isolated from culture
medium might exhibit antagonistic effects on present
pathogenic bacteria [3, 17]. For instance, bacterial strains
isolated from the internal organs of Oreochromis niloticus
exhibit inhibitory effects against A. hydrophila [1]. Even
some bacteria are antagonistic to viruses [9]. Several pro-
posed theories explain the antimicrobial and beneficial
effects of probiotics, including their ability to secrete
antimicrobial substances such as organic acids, bacterio-
cins, and peptides [20].

Probiotics is a big business today in Indian aquaculture; it
is worth $109 million, and most supplies are imported. Indian
fish pathologists are looking at probiotics as a potentially
useful disease prevention measure in aquatic farms, and
active research is continuing in this regard [24]. However,
the efficiency of probiotic isolates from tropical freshwater
species is less studied and needs further exploration.

Thanjavur is a tropical district situated at the southern
part of Tamil Nadu (N 10°48'0", E 79°9'0") and is well
known for its marine and freshwater fish production. To our
knowledge, there is no report on the probiotic efficiency of
intestinal microbiota of tropical freshwater fish. In this
study, we explored for the first time in vitro antagonistic
activity of the cellular components of potential probiotic
bacteria isolated from the gut of tropical freshwater fish
species, rohu (Labeo rohita), against A. hydrophila. Fur-
thermore, the purification and partial characterisation of
antimicrobial compounds present in the selected cellular
components are described.

Materials and Methods
Isolation and Screening of Potential Probiotic Bacteria

Ten L. rohita (mean bodyweight, 154.2 £+ 1.01 g; mean
length, 16.56 £ 0.1 cm) were collected from the Mannal
Aquatic Habitation, Thanjavur, Tamil Nadu. The fishes
were killed, and the surfaces were washed with 0.1%
benzalkonium chloride for 1 min to remove external bac-
teria. Under sterile conditions, the gut region was dissected
and homogenised with an appropriate volume of sterile 1%
peptone water. Serial dilutions were made up to 107°
dilution, from which 100-puL aliquots were spread on
tryptone soya agar plates and incubated for 24 h at 37 °C.
A total of 389 colonies were counted and designated as L1-
L389. Among them, 140 colonies were selected randomly
to test antimicrobial activity against A. hydrophila.
Briefly, A. hydrophila cultures were prepared by pouring
2 mL inoculum (10° CFU/mL) onto Tryptone Soya Agar
plates to completely cover the surface of the agar. Excess

solution was removed and drained before air-drying for
15 min. Wells 6 mm in diameter were punctured into the
agar, and 20 pL of each bacterial inoculum (10° CFU/mL)
was carefully transferred into separate wells. Two bacterial
isolates were tested per plate in triplicate and incubated for
2448 h at 37 °C. Only 7 isolates inhibited the growth of
A. hydrophila; these 7 isolates were designated R1, R2, R3,
R4, RS, R6, and R7. Strains with greater inhibition zone
diameters were also selected for further study.

Pathogen Collection and Culture Conditions

Six A. hydrophila strains (ATCC-7965, ATCC-23213,
ATCC-23214, and ATCC-21763; MTCC-646 and MTCC-
1739) were obtained from the American Type Culture
Collection (USA) and the Microbial Type Culture Collec-
tion (Chandigarh, India). After 24 h incubation in nutrient
broth, A. hydrophila strains were streaked on Rimler—
Shott’s medium (Hi-media, Mumbai, India) to determine
their purity. The pathogenicity of the strains was checked
experimentally by injecting them into L. rohita and by
observing the onset of disease in the fish.

The A. hydrophila strains and isolated probiotic bacteria
were maintained in the laboratory under standard condi-
tions. Cultures were maintained on tryptone soya agar (Hi-
media, Mumbai) slopes at 4 °C. Stock cultures in tryptone
soya broth were stored at —70 °C in 0.85% NaCl with 20%
glycerol to provide a stable inoculum throughout the study
[32].

Preparation of Cellular Components

Four different cellular components were prepared from
strains R1, R2, and RS5: the whole-cell product (WCP),
heat-killed whole-cell product (HKWCP), intracellular
product (ICP), and extracellular product (ECP). Pure cul-
tures of the 3 strains were maintained separately under
sterile conditions in 400-mL brain heart infusion broth (pH
7.0) (Hi media, India) at 37 °C for 24 h. A pure culture of
each strain was divided into 4 equal volumes of 100 mL,
and each volume was taken for the preparation to deter-
mine the WCP, HKWCP, ICP, and ECP. The protein
content of the fractions was estimated, as described by
Bardford [5].

WCP Preparation

The WCP was prepared as described by Das et al. [8]. After
being incubated for 24 h, 100 mL of brain heart infusion
broth of each strain (R1, R2, or R5) was centrifuged at
10,000 rpm for 10 min at 4 °C. The pellet obtained after
centrifugation was washed twice with phosphate buffer
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saline (pH 7.2) and resuspended in 5 mL of the same buffer
and then stored at —20 °C prior to use.

HKWCP Preparation

The HKWCP was prepared with minor modification of the
procedure outlined by Das et al. [8]. Briefly, the pellet
obtained after centrifugation was washed twice with PBS
(pH 7.2) and resuspended in 5 mL of the same buffer
solution. The buffer solution was put in an 80 °C water
bath for 30 min, subsequently cooled, and stored at
—20 °C until use.

ICP Preparation

The pellet obtained after centrifuging a 24-h-old broth
culture of bacteria was washed twice in PBS (pH 7.2). The
pellet was resuspended in PBS and then sonicated at 50 Hz
for 5 min (Ultrasonic Processor, AICIL, Chandigarh,
India), filtered through a 0.45-pm Millipore filter (Milli-
pore, Bedford, USA), and finally stored at —20 °C for
further use.

Collection of the ECP

The ECP was prepared as described by Das et al. [8] with
minor modification. Supernatants obtained after the cen-
trifugation of 24-h-old cultures of bacteria were filtered
through a 0.22-um polycarbonate filter (Millipore, USA),
further concentrated with a freeze dryer (INDLAB, Chen-
nai, India), and were used as ECP.

Study of Antagonistic Activity Using Cellular
Components

Tryptone soya broth cultures were prepared freshly from
the A. hydrophila agar slopes (stored at 4 °C) and were
incubated on tryptone soya agar plates (diameter, 98 mm)
separately using a lawn culture technique [8]. Then, a
6-mm-diameter well was made in each plate with the help
of a cork borer. A 100-uL aliquot of different cellular
components was charged in the respective wells and
incubated at 37 °C for 24 h. The zones of inhibition
around the wells were recorded (in millimetres) after the
incubation. For each cellular component, averages were
calculated for 3 wells. Control plates were simultaneously
maintained with sterile phosphate buffer saline (pH 7.2)
poured into respective wells prepared as mentioned
above. For all cellular components, triplicate plates were
maintained along with the PBS control for the biocontrol
study.

A positive control study was carried out using chlor-
amphenicol (30 mcg) and gentamicin (15 mcg). Plates were
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incubated at 37 °C for 24 h and observed. The zones of
inhibition for each cellular component were compared with
those of antibiotics against A. hydrophila.

Identification of Bacteria

Three potential probiotic strains (R1, R2, and RS) were
identified on the basis of morphological, physiological, and
biochemical characterisations as well as 16S rRNA gene
sequencing.

For 16S rRNA gene sequencing, chromosomal DNA was
extracted and purified using the phenol-chloroform extrac-
tion method [29]. PCR amplification was carried out with
universal bacterial primers as described previously: forward,
5-GAGTTTGATCCTGGCTCA-3" and reverse, 5'-CGGC
TACCTTGTTACGACTT-3' [33]. The PCR products were
purified using the QIAquik PCR Purification Kit (Qiagen)
and sequenced using automatic ABI 310 DNA Sequencer
(Big Dye Terminator Cycle Sequencing Ready Reaction Kit,
Perkin Elmer). The Basic Local Alignment Search Tool
(BLAST) from the NCBI (http://www.ncbi.nlm.nih.gov/)
was used for nucleotide comparison for percentage similarity.

Purification of Antimicrobial Compounds
from the Most Effective Cellular Fractions

From each probiotic bacteria, 4 cellular components were
prepared and tested for their antagonistic activity. Antago-
nistic activity was observed to be the highest with the ICPs
of R1 and R5; in R2, the HKWCP exhibited the highest
activity. Hence, the ICPs of R1 and R5, and HKWCP of R2
were selected for further analysis and were designated ICP-
R1, ICP-R5, and HKWCP-R2, respectively. The selected
fractions were partially purified by thin-layer chromatog-
raphy (TLC) using a 1-mm pre-coated TLC silica gel 60
F»s4 plate (Merck, Darmstadt, Germany). The plates were
developed with either n-butanol/acetic acid/water (5:3:1,
v/v/v) or chloroform, methanol, and 0.1% trifluoroacetic
acid in water (170:120:15, v/v/v). All plates were run in
triplicate. The spots were developed by using iodine
vapour/ninhydrin (0.1% w/v in water-saturated n-butanol)/
silver nitrate and observed under ultraviolet light (254 nm).
Each marked spot was scraped off and eluted with metha-
nol/acetone/chloroform. The supernatants obtained after
centrifugation were checked for antibacterial activity,
concentrated, and stored at 4 °C for further analysis.

The antimicrobial compounds were further purified by
reverse-phase high-performance liquid chromatography
(HPLC) on a C18 column (11 x 300 mm) (PerkinElmer,
Shelton. CT). The concentrated sample obtained from TLC
was filtered through a 0.45-pm polytetrafluoroethylene
(PTFE) membrane (Schleicher and Schuell, Keene, USA).
Fractions of 20 pL were eluted at a flow rate of 0.5 mL/min
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for 30 min. An isocratic system of water/acetonitrile
(60:40) was used as a mobile phase for the ICP-R1 and
ICP-RS5 fraction, whereas water/methanol (60:40) was used
for HKWCP-R2. The eluent patterns of the fractions were
monitored at 220-284 nm and collected manually.

Partial Characterisations of Antimicrobial Compounds

Effects of pH, Temperature, and Enzymes on the Activities
of Antimicrobial Compounds

To determine the pH stability of these components, purified
antimicrobial samples (ICP-R1, ICP-R5, and HKWCP-R2)
were incubated in buffer solutions with various pH values
(3.0-10) for 1 h at 37 °C. After incubation, the solutions
were neutralised to pH 7.0 and residual activities were
measured under standard assay conditions.

To determine the effects of temperature, purified anti-
microbial samples were incubated independently at 30, 45,
60, 75, and 90 °C for 1 h. Thereafter, their residual activ-
ities were measured under standard assay conditions; a
non-heated sample was used as a control (100%).

The purified antimicrobial samples were treated with
a-amylase (1 mg mL™"), f-amylase (1 mg mL™"), lipase
(2 mg mL™Y), trypsin (3 mg mL™"), protease K (3 mg
mL_l), pepsin (3 mg mL_l), esterase (3 mg mL_l), or
lysozyme (3 mg mL™"). All reaction mixtures were incu-
bated at 37 °C for 2 h. The residual activity was deter-
mined under standard assay conditions. An untreated
sample was used as a control (100%).

Statistical Analysis

Data were analysed using one-way analysis of variance
(ANOVA) to determine whether significant differences
(P < 0.05) existed among treatments. Tukey’s test was
used to compare means between individual treatments. The
resultant means after one-way ANOVA were used for a
subsequent ¢ test. All statistical analyses were carried out
using OriginPro software (version 8.5; OriginLab Corpo-
ration, Northampton, USA). The results are expressed as
mean = SE of mean (SEM).

Results
Selection of Potential Probiotic Bacteria

Potential probiotic bacteria were screened using a well
diffusion method. The average clearance zones of strains
R1, R2, and RS had an average diameter of greater than
10 mm (data not shown). Thus, these 3 strains were used in
subsequent experiments.

Protein Estimation of Cellular Fractions

The protein contents of various cellular components of R1,
R2, and RS are summarised in Table 1. The highest protein
content was found in the ICP (5.61 mg/mL) of R5, and the
lowest protein content was found in the ECP (4.32 mg/mL)
of R1. The minimum quantity of protein fraction (100 pL)
of the ECP of R1 charged against A. hydrophila was
432 pg. Other fractions were adjusted to 432 pg in 100 pL.

Antagonistic Study Using R1

The results of the antagonistic activity of the WCP,
HKWCP, ICP, and ECP of R1 are shown in Table 2. All
cellular components exhibited satisfactory bactericidal
activity against all A. hydrophila strains. Out of the 4
cellular components, the ICP produced the greatest activity
(inhibition zone range, 53-62 mm) in almost all cases,
except for ATCC-7965. Similarly, the WCP, ECP, and
HKWCP were equally effective against all A. hydrophila
strains. The largest inhibition zone was recorded with the
ICP against ATCC-21763 (62 £ 0.57 mm), and the
smallest inhibition zone was recorded with the ECP against
ATCC-7965 (44 £ 0.57 mm). Significant differences
(P < 0.05) in the inhibitory activity were observed in all
cellular components compared to the positive control.

Antagonistic Activity of R2

The cellular components of R2 were found to be most
antagonistic against A. hydrophila (Table 3). The overall
bactericidal activity of HKWCP-R2 was the highest among
the 4 cellular components tested and produced zones
ranging from 55 to 63 mm; meanwhile, the WCP produced
an inhibition zone range from 44.6 to 55.5 mm; the ICP
from 41.5 to 52.3 mm, and the ECP from 39.5 to 47 mm.
The largest inhibition zone was obtained with the HKWCP
against MTCC-646 (63 £ 1.52 mm), and the smallest
inhibition zone was obtained with the ECP against ATCC-
23213 (39.5 £ 1.44 mm). The results were significant
(P < 0.05) compared to the positive control.

Antagonistic Study Using RS

The cellular components of RS were found to be highly
antagonistic against A. hydrophila (Table 4). All 4 cel-
lular components produced inhibition zones >38 mm; the
greatest bactericidal activity was recorded with the ICP
against MTCC-1739 (57 £ 1.52 mm). All 4 components
showed significant (P < 0.05) inhibitory activity against
6 strains of A. hydrophila compared to the positive
control.
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Table 1 Protein contents of cellular components of R1, R2, and RS

Organism Protein content (mg/ml)"

WCP ICP ECP HKWCP
R1 4.51 £ .006 4.75 £ .011 4.32 £ .012 443 £ 011
R2 5.23 + .008 545 + .011 491 £ 011 5.04 £+ .008
RS 5.07 £ .011 5.61 £ .021 4.88 £ .011 5.37 £ .011

T Values are represented as mean = SEM (n = 3)

Table 2 Inhibition profile of the cellular components of R1 (L. Plantarum) against A. hydrophila strains

Components Zone of inhibition (mm)"

ATCC-7965 ATCC-23213 ATCC-23214 ATCC-21763 MTCC-646 MTCC-1739
WCP 57.33 £ 1.2° 49 £ 1.15° 53.3 + 0.88° 56.3 + 0.66" 51.3 + 0.33%° 47.16 £+ 0.72*
HKWCP 58 + 0.57° 53 £ 1.0° 57 + 1.73%® 51 £ 0.57* 48 + 1.52% 56 + 0.57°
ICP 54 + 1.15° 60 + 1.52° 62 + 0.57° 57 + 1.15° 53.3 + 0.33% 57.6 £+ 0.88°
ECP 44 + 0.57° 49 + 1.52° 47 + 2.08° 51.6 + 0.88° 51.3 + 0.88° 45.6 + 0.88°
Gentamicin 26.5 + 1.32° 28 + 1.0° 26.5 + 0.76¢ 27 +0.5¢ 28 + 1.52¢ 28 + 0.57¢
Chloramphenicol 29 + 0.57° 31 £+ 0.57° 29 + 0.57¢ 29.5 + 1.04¢ 30 £+ 1.0¢ 29 + 1.0°

T Values are represented as mean + SEM (n = 3). The mean values in a column under each category bearing different lower case, superscript
letters are significant (P < 0.05) to each other

Table 3 Inhibition profile of the cellular components of R2 (P. aeruginosa) against A. hydrophila strains

Components Zone of inhibition (mm)"

ATCC-7965 ATCC-23213 ATCC-23214 ATCC-21763 MTCC-646 MTCC-1739
WCP 485 £+ 0.76° 52.3 £ 0.66° 493 £ 0.88° 55.5 £ 0.28% 46 £+ 0.57*¢ 44.6 + 0.88°
HKWCP 55 + 0.57° 60.16 + 0.6° 58.5 + 0.86° 61.3 £+ 2.02° 63 £+ 1.52° 59.6 + 0.88°
ICP 415 £ 0.76° 52.3 + 0.88% 49 + 0.57° 443 £ 0.33¢ 47 + 1.0 51 £ 1.0°
ECP 47 + 1.0 39.5 + 1.44° 453 + 0.88° 43 £+ 1.57° 413 + 0.66° 46 + 1.52°
Gentamicin 26.5 + 1.32¢ 28 + 1.0¢ 26.5 + 0.76° 27 + 0.5¢ 28 + 1.52¢ 28 + 0.57¢
Chloramphenicol 29 + 0.57¢ 31 + 0.57¢ 29 + 0.57¢ 29.5 4+ 1.04¢ 30 + 1.0° 29 + 1.0°

 Values are represented as mean + SEM (n = 3). The mean values in a column under each category bearing different lower case, superscript
letters are significant (P < 0.05) to each other

Table 4 Inhibition profile of the cellular components of RS (B. subtilis) against A. hydrophila strains

Components Zone of inhibition (mm)"

ATCC-7965 ATCC-23213 ATCC-23214 ATCC-21763 MTCC-646 MTCC-1739
WCP 493 + 1.2% 443 + 0.66% 46.3 + 1.76° 47 + 1.52° 475 + 1.44% 46.5 + 0.86°
HKWCP 45 + 1.15° 47.5 £+ 0.28%° 47 £+ 1.52° 50.3 + 0.88" 49 + 1.15° 52.5 + 1.32°
ICP 54 + 1.0° 50.3 + 1.45° 52.3 + 0.88° 55.3 £ 0.88° 51 + 0.57a 57 + 1.52°
ECP 39.3 + 1.2¢ 415 £ 0.76° 40 £ 1.52° 38 + 1.0° 433 +0.88° 41.5 + 0.86°
Gentamicin 26.5 + 1.32¢ 28 + 1.0¢ 26.5 + 0.76° 27 +0.5¢ 28 + 1.52¢ 28 + 0.57¢
Chloramphenicol 29 + 0.57¢ 31 + 0.57¢ 29 + 0.57¢ 29.5 + 1.04¢ 30 & 1.0° 29 4 1.0°

T Values are represented as mean £+ SEM (n = 3). The mean values in a column under each category bearing different lower case, superscript
letters are significant (P < 0.05) to each other
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Comparisons Among the Cellular Components of R1,
R2, and R5

The results of the ¢ test are summarised in Table 5. The
HKWCP from R2 produced a significantly (P < 0.05)
larger inhibition zone (59.59 £ 1.11 mm) against A. hy-
drophila strains compared to the control as well as other
components, including those of R1 and RS5. ICP-R1 pro-
duced the second greatest bactericidal activity (57.33 +
1.36 mm) against the tested pathogens compared to other
components including the ICPs of R2 and RS. On the other
hand, the ¢ test revealed that among the cellular compo-
nents, ECP-R5 was the least effective against the patho-
gens. Overall, the cellular components of R1 produced
more significant results compared with those of the other 2
probiotic strains (Table 5).

Identification of R1, R2, and R5

The morphological and biochemical characters of R1, R2,
and RS resembled those of Lactobacillus, Pseudomonas,
and Bacillus, respectively. The comparative 16S rRNA
gene sequence analysis revealed that isolates R1 (627 bp),
R2 (597 bp), and RS (829 bp) had 98, 99%, and 99%
nucleotide base homology with Lactobacillus plantarum,
Pseudomonas aeruginosa, and Bacillus subtilis, respec-
tively; the NCBI GenBank accession numbers of the
sequences are HQ 141917, HQ 141916, and HQ 127453,
respectively.

Purification of Antimicrobial Compounds
from the Cellular Fractions

From Table 5, ICP-R1, HKWCP-R2, and ICP-R5 exhibited
the greatest antagonistic activities in their respective
strains. The TLC spots of the ICP-R1 and ICP-RS5 fractions
were developed by ninhydrin and iodine reactions, indi-
cating the presence of peptides or lipopeptidal compounds.
The HKWCP-R2 spot was developed by silver nitrate,
indicating the presence of phenolic compounds. The

antimicrobial substances of ICP-R1 and ICP-R5 were
eluted with methanol, while that of HKWCP-R2 was eluted
with chloroform. The R, values of the antagonistically
active spots of ICP-R1, HKWCP-R2, and ICP-R5 were 0.6,
0.8, and 0.51, respectively.

The antagonistic substances that were partially purified
by TLC were subjected to HPLC on an '®C reverse-phase
column. In the case of ICP-R1, 3 major fractions were
found; the third fraction (retention time, 22 min) exhibited
the greatest antimicrobial activity against A. hydrophila
(data not shown) and was pooled and collected. Similarly,
for HKWCP-R2 and ICP-RS5, only the fraction showing the
greatest antimicrobial activity was pooled and collected.

Partial Characterisations of Antimicrobial Compounds

Effects of pH, Temperature, and Enzymes on the Activity
of Antimicrobial Components

The antimicrobial fractions purified from ICP-RI,
HKWCP-R2, and ICP-R5 were tested for their sensitivity
to pH, temperature, and enzymes; the results are summa-
rised in Table 6.

All fractions were highly active over a wide pH range of
3.0-10.0. The HKWCP-R2 and ICP-R5 fractions were
more stable in alkaline pH than in acidic pH (Table 6).

The ICP-R1 and HKWCP-R2 fractions exhibited greater
thermal stability than the ICP-RS fraction. The HKWCP-
R2 fraction retained 81% of its initial activity after 1 h
incubation at 90 °C, whereas ICP-R5 retained only 63% of
its initial activity after the same incubation period
(Table 6).

The antibacterial activity of ICP-R1 was completely
abolished after treatment with proteolytic enzymes,
whereas amylase and lipase had no effect. The antimicro-
bial activity of the purified HKWCP-R2 fraction was par-
tially abolished when treated with protease K and pepsin.
The antibacterial activity of the ICP-R5 fraction was
completely abolished with lipase, protease K, and trypsin
but was retained (79%) with esterase.

Table 5 Comparisons among

the cellular components of R1, Components ¢ test mean of inhibition zones (mm)”
R2, and RS R1 R2 RS
WCP 52.393 £+ 1.63 49.376 £+ 1.64 46.816 £+ 0.66
HKWCP 53.833 £ 1.57 59.593 £ 1.11 48.55 £ 1.079
ICP 57.331 £ 1.36 47.526 + 1.67 53.316 £ 1.05
‘ ECP 48.083 + 1.25 43.683 + 1.19 40.6 £+ 0.76
Values are represented as Gentamycin 27.33 + 0.307 27.33 + 0.307 27.33 £ 0.307

mean £+ SEM (n = 3)
Null hypothesis: Mean < 0.05

Chloramphenicol

29.583 £ 0.327

29.583 £ 0.327

29.583 £ 0.327
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Table 6 Effects of pH, temperature, and enzymes on the activity of
antimicrobial compounds

Treatment Residual antimicrobial activity (%)Jr
ICP-R1 HKWCP-R2 ICP-R5
pH
3 76.06 £ .17 83.66 + .16 4333 £ .33
4 80.36 £ .35 88.46 + .26 59 + .28
5 89.73 £ .14 98.06 £ .17 78.1 £ .37
6 99.83 £ .16 99.66 + .33 99.66 + .33
7 92.16 £ .16 100 100
8 80.66 £ .16 99.66 + .33 93.5 £ .28
9 72.16 £ .16 95.16 £+ .16 81 £+ .28
10 60.33 £ .16 86.16 £ .16 75.0 £ .23
Temp.
30°C (1 h) 100 100 100
45 °C (1 h) 100 100 100
60 °C (1 h) 99.66 £+ .33 100 93.5 £ .28
75 °C (1 h) 86.5 + .28 93.5 £ .28 80.66 £+ .33
90 °C (1 h) 78.33 £ 33 81.33 £ .33 62.5 + .28
Enzymes
o-Amylase 100 ND 100
p-Amylase 100 ND 100
Lipase 100 100
Trypsin 0 100 0
Protease K 0 93 + .28 0
Pepsin 0 83.83 £ 44 ND
Esterase ND ND 78.66 £ .33
Lysozyme ND 0 ND
 Values are represented as mean + SEM (n = 3)
ND = Not done
Discussion

From this study, we identified R1, R2, and R5 as Lacto-
bacillus plantarum VSG3, Pseudomonas aeruginosa
VSG2, and Bacillus subtilis VSG1, respectively.

The common modes of action of probiotics include (1)
stimulation of immune responses, (2) modification of the
metabolism of bacterial pathogens by changing their
enzyme levels, and (3) competitive exclusion through the
production of inhibitory compounds that are antagonistic
towards pathogens [13]. Antagonistic compounds produced
by bacteria include antibiotics, organic acids, hydrogen
peroxide [35], bacteriocins [16, 18] carbon dioxide, and
siderophores [38]. The inhibition due to such compounds is
highly dependent on the experimental conditions, which
are different in vitro and in vivo [14]. Probiotic B. subtilis
BT23 controls the growth of pathogenic Vibrio harveyi
both in vitro and in vivo, and reduces shrimp mortality by
90% [34]. The use of Bacillus strains as probiotics against
bacterial pathogen among fishes is reported [1, 30, 31, 34].
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Ghosh et al. [15] report the presence of Bacillus spp. in the
gut of L. rohita. In the case of B. subtilis VSG1, the ICP
most strongly inhibited A. hydrophila.

In the present investigation, L. plantarum VSG3,
P. aeruginosa VSG2, and B. subtilis VSG1 were isolated
from the gut of rohu, L. rohita. The presence of different
bacterial strains in fish intestines and their possible probi-
otic activity has been studied [1, 11, 15, 17, 24, 30, 31].
The WCP, ECP, ICP, and HKWCP of all bacterial species
were significantly effective against all tested A. hydrophila
strains as revealed by their inhibition zones. Antibiotics
such as chloramphenicol (30 mcg) and gentamicin (15
mcg) produced smaller inhibition zones than the above-
mentioned cellular components. We found that the
HKWCP of P. aeruginosa produced the largest inhibition
zone (63 £ 1.52 mm) against A. hydrophila. The in vitro
antagonistic effects of the 4 cellular components of Pseu-
domonas spp. against A. hydrophila were reported previ-
ously [8]. Pseudomonas strains have the properties of a
biocontrol agent for use in shrimp hatcheries and farms [7].

The inhibition profiles revealed that the cellular com-
ponents of L. plantarum VSG3 were the most effective
among the 3 isolates against the tested A. hydrophila stains;
the ICP of this strain produced the largest inhibition zone
against the tested pathogens. The cell-free supernatants of
Lactobacillus spp. JK-8 and JK-11 had remarkable anti-
microbial activities against target pathogens (e.g. Vibrio
parahaemolyticus, Vibrio harveyi, and Edwardsiella tarda)
[21] and removed the pathogens within 4 min of exposure
[22]. Balcéazar et al. [4] report that the neutralised super-
natants of Lactococcus lactis CLFP-101 can inhibit the
growth of fish pathogens, A. hydrophila, A. salmonicida,
Vibrio anguillarum, and Yersinia ruckeri. Bacillus pumilus
might be usable as a probiotic for controlling A. hydrophila
infection in Nile tilapia [1]. The cellular components of
lactic acid bacteria are reported to have the ability to inhibit
the growth of various fish pathogens in vitro conditions
[1, 3, 4, 8, 11]. Hence, lactic acid bacterial strains can be
considered a very promising alternative to the use of che-
motherapeutic agents [3].

Bacteria can produce a variety of antimicrobial sub-
stances [22]. The antimicrobial compounds produced by
L. plantarum (R1), P. aeruginosa (R2), and B. subtilis (R5)
were purified by TLC and HPLC. These compounds had
different compositions, because they exhibited different
migration rates on TLC and gave different colours after
reaction with ninhydrin/iodine vapour/silver nitrate. In the
present study, a single ninhydrin spot (R,= 0.6) was
observed for ICP-R1, indicating the presence of a protein
moiety. A bacteriocin with R, = 0.6 was purified from
Lactobacillus paracasei HL32 [25]. HKWCP-R2 from
P. aeruginosa gave a brown colour with silver nitrate
(R = 0.8), indicating that the substance is a phenolic
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compound. According to the ninhydrin and iodine reactions
[19], ICP-R5 (Rf= 0.51) could be peptidal with lipid
moieties. Lipopeptide antibiotics and surfactins with Ry =
0.37 and 0.51 were purified from B. subtilis [23].

In an effort to characterise the partial biochemical
properties of antimicrobial substances produced by the 3
strains, we tested their sensitivity towards some commercial
enzymes. The antimicrobial activity of purified ICP-R1 was
completely inhibited by proteolytic enzymes, while amy-
lase and lipase had no effect. These results indicate that
ICP-R1 is a kind of peptide that does not contain lipid or
carbohydrate groups. Again, ICP-R1 exhibited high thermal
and pH stability. In this case, the secreted organic acids can
be ruled out since the pH of the growth medium was always
in the neutral range (7.0-7.5). These properties are similar
to that of a bacteriocin produced by Lactobacillus sake C2
[16]. The purified antimicrobial substance of P. aeruginosa
(HKWCP-R2) was partially inactivated by protease K and
pepsin, suggesting that a protein moiety is involved in its
activity. In addition, HKWCP-R2 exhibited heat and pH
stability. The heat- and pH-stable antimicrobial components
of Pseudomonas spp. were reported earlier [18, 27]. There
is more than one explanation for the observed resistance to
proteolytic enzymes such as the presence of unusual amino
acids in their structures or cyclic N- and/or C-terminally
blocked peptides. Cyclic peptides can be resistant to
hydrolysis by proteases, because their cyclic structure ren-
ders them relatively inflexible, which may make cleavage
sites inaccessible due to steric hindrance [10]. The purified
antimicrobial substance of B. subtilis (ICP-R5) completely
lost its activity with proteinase K, trypsin, and lipase but not
with esterase (Table 6), indicating that it could be a bio-
degradable antibiotic such as a peptidal compound con-
taining fatty acids [19]. The isolation and characterisation
of antimicrobial components from Bacillus strains have
been reported previously [19, 22, 30, 31]. The antimicrobial
components secreted by probiotic strains may help to avoid
pathogen colonisation of fish intestines. Again, these anti-
microbial components may find applications as food pre-
servatives and in clinical studies.

This is the first report of characterising the cellular
components of L. plantarum VSG3, P. aeruginosa VSG2,
and B. subtilis VSG1 newly isolated from the gut of L.
rohita, a tropical freshwater fish. The ICPs of R1 and RS
and the HKWCP of R2 most effectively inhibited the
growth of A. hydrophila strains. The partially purified
antibacterial compounds were not only biodegradable, but
also stable in a wide range of pH values (3.0-10.0) and
temperatures (30-90 °C). Isolated probiotic strains may
find potential application in the prevention and treatment of
aeromonosis, which is a major problem in freshwater
fishes. However, this needs to be confirmed in future in in
vivo experiments. In this study, we report the partial

characterisations of the above-mentioned purified antimi-
crobial compounds; however, the identification and
chemical characterisations of these compounds must be
carried out to elucidate their complete structure.
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