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Abstract

A Pseudomonas sp PS-102 recovered from Muttukkadu brackish water lagoon, situated south of Chennai, showed significant
activity against a number of shrimp pathogenic vibrios. Out of the 112 isolates of bacterial pathogens comprising Vibrio harveyi, V.
vulnificus, V. parahaemolyticus, V. alginolyticus, V. fluvialis, and Aeromonas spp, 73% were inhibited in vitro by the cell-free culture
supernatant of Pseudomonas sp PS-102 isolate. The organism produced yellowish fluorescent pigment on King's B medium,
hydrolysed starch and protein, and produced 36.4% siderophore units by CAS assay and 32 μM of catechol siderophores as
estimated by Arnow's assay. The PS-102 isolate showed wide ranging environmental tolerance with, temperatures from 25 to 40 °C,
pH from 6 to 8, salinity from 0 to 36 ppt, while the antagonistic activity peaked in cultures grown at 30 °C, pH 8.0 and at 5 ppt saline
conditions. The antagonistic activity of the culture supernatant was evident even at 30% v /v dilution against V. harveyi. The
preliminary studies on the nature of the antibacterial action indicated that the antagonistic principle as heat stable and resistant to
proteolytic, lipolytic and amylolytic enzymes. Pseudomonas sp PS 102 was found to be safe to shrimp when PL-9 stage were
challenged at 107 CFU ml−1 and by intramuscular injection into of ∼5 g sub-adults shrimp at 105 to 108 CFU. Further, its safety in a
mammalian system, tested by its pathogenicity to mice, was also determined and its LD50 to BALB/c mice was found to be 109 CFU.
The results of this study indicated that the organism Pseudomonas sp PS 102 could be employed as a potential probiont in shrimp
and prawn aquaculture systems for management and control of bacterial infections.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Pathogenic vibrios are involved in significant mor-
talities in the larviculture and growout phases of crus-
tacean aquaculture (Gomez-Gil et al., 2000). Mass
mortality caused by them is a major hindrance in the
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semi-intensive rearing of shrimp in India and other
shrimp farming countries (Lightner, 1996; Alavandi et
al., 1995; Baticados et al., 1990; Singh, 1990). Species
such as Vibrio harveyi, V. anguillarum, V. alginolyticus,
V. parahaemolyticus and V. vulnificus have frequently
been associated with mortalities both in hatcheries and
grow out ponds (Mohney et al., 1994; Baticados et al.,
1990; Singh, 1986). In an attempt to control the proli-
feration of pathogenic vibrios, the prophylactic and
therapeutic use of antibiotics has been practiced in
commercial hatcheries (Gatesoupe, 1989), creating the
more serious problem of antibiotic resistance among the
microflora in the environment. (Karunasagar et al.,
1994; Amabile-Cuevas et al., 1995; Weston, 1996;
Hameed et al., 2003).

The problem of antibiotic resistance and its epidemi-
ological consequences led to the exploration of several
alternate approaches for disease management in aqua-
culture systems. Amongst them the most popular and
practical approach is the use of probiotics as prophylac-
tics. The range of probiotics examined for use in aqua-
culture encompasses both Gram-negative and Gram-
positive bacteria, bacteriophages, yeasts and unicellular
algae (Irianto and Austin, 2002a). Early search for pro-
biotic candidate organisms were based on in vitro an-
tagonism (Verschuere et al., 2000), subsequently the
approach of selection based on adhesion, colonization
and growth in intestinal mucus has come in (Irianto and
Austin, 2002b; Vine et al., 2004). Gram et al. (1999)
observed in vitro inhibition of Vibrio anguillarum by
Pseudomonas flourescens and obtained lower morta-
lities in probiotic-treated fish, Oncorhynchus mykiss.
Specific inhibition of V. harveyi by Pseudomonas aeru-
ginosa has been reported earlier by Torrento and Torres
(1996) and Chythanya et al. (2002). In the present
study, we report the isolation of a putative probiont,
Pseudomonas sp. PS-102, its spectrum of antagonism
against vibrios pathogenic to shrimp and prawn, phys-
ical conditions for its growth and production of the
antimicrobial metabolite, preliminary characterization
of the antagonistic principle, and its safety to shrimp
and mammalian systems.

2. Materials and methods

2.1. Bacterial isolates

Pseudomonas sp PS-102 was isolated on ZoBell's
Marine Agar 2216 E from the routine water samples
collected from the Muttukkadu brackish water lagoon
situated about 35 km south of Chennai. The organism
on the primary culture plate was found to inhibit the
growth of other bacterial flora on the ZoBell's marine
agar plate. This observation prompted us to explore its
ability to inhibit shrimp pathogenic vibrios. The colony
was purified and identified based on its morphological
and physiological characteristics (Krieg and Holt,
1984). The morphological, physiological and bioche-
mical characteristics were similar to the reference strain
P. aeruginosa (MTCC 741 (Microbial Type Culture
Collection, Chandigarh, India).

One hundred and twelve isolates including 106 iso-
lates of Vibrio spp. and 6 isolates of Aeromonas spp
isolated from larval rearing systems of Penaeus mono-
don and Macrobrachium rosenbergii and infected
shrimp and prawn samples over a period of time were
used to test the antagonistic potential of Pseudomonas
sp PS-102 isolate. They were isolated on ZoBell's Ma-
rine Agar 2216 E and identified to genera following
Krieg and Holt (1984) and Oliver (1982) and to species
following Alsina and Blanch (1994). The cultures were
maintained as part of the culture collection at Centre for
Fish Disease Diagnosis and Management, Cochin Uni-
versity of Science and Technology.

2.2. Antagonism assay

The Pseudomonas PS-102 isolate was inoculated in
ZoBell's Marine broth and incubated at 30 °C for 72
h on a shaker (90 rpm). The culture was centrifuged at
6000 ×g for 10 min and filtered through a 0.2 μm pore
size filter (Millipore). Twenty microlitres of this cell
free preparation was impregnated on four mm diameter
sterile discs (HiMedia) and air dried. These discs were
placed on ZoBell's Marine agar (HiMedia) plates pre-
viously swabbed with the target bacterial isolates grown
to log phase in ZoBell's marine broth. The plates were
then incubated at 30 °C for 24 h and the zone of
inhibition around the discs was measured and recorded
against 112 target organisms.

2.3. Optimal temperature, pH and salinity for the
production of antagonistic action by Pseudomonas
PS-102

The optimal conditions for growth and production of
antagonistic principle by Pseudomonas PS-102 was
assessed by growing the culture in ZoBell's marine
broth at various temperatures (25, 30, 35 and 40 °C),
pH (6.0, 6.5, 7.0, 7.5 and 8.0) and salinities (5, 10, 15,
20, 25, 30 and 35 ppt) in 100 ml 1% peptone water for a
period of 7 days in duplicate. Samples for cell count and
antagonistic activity were drawn every 24 h. One milli-
liter of the culture was processed for evaluating the
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antagonistic potential against a virulent strain of V.
harveyi (LB 3, penaeid system isolate) by the disc
diffusion method as explained earlier. The cell counts
were determined by serial dilution and the pour plate
technique.

2.4. Effect of dilution of the cell free supernatant of
Pseudomonas PS-102 on the antibacterial activity
against V. harveyi LB 3

The cell free culture supernatant was prepared as
described earlier from a culture of Pseudomonas PS-
102 grown in ZoBell's marine broth under optimal
conditions as determined in the previous experiment
(30 °C, pH 8.0, 0.5% NaCl for 72 h). Dilutions of the
filtrate containing the potential antibacterial compound
were prepared up to 10% (v /v) in sterile phosphate
buffered saline (pH 7.4). Antagonistic assay against V.
harveyi LB3 was tested by the disc diffusion method as
described earlier.

2.5. Preliminary characterization of the antibacterial
component in cell free supernatant of Pseudomonas
PS-102

The cell free culture supernatant of Pseudomonas
PS-102 containing the antibacterial principle was
obtained from the culture grown under optimal condi-
tions as given earlier. It was treated with proteinase K (1
mg/ml, 37 °C), pronase (2 mg/ml, 37 °C), α-chymo-
trypsin (5 mg/ml, 37 °C), trypsin (50 mg/ml, 37 °C),
lysozyme (1 mg/ml, 25 °C), lipase (1 mg/ml, 37 °C),
and α-amylase (1 mg/ml, 25 °C). After incubation for 1
h, antibacterial activity against pathogenic V. harveyi
LB 3 along with appropriate controls was tested by
the disc diffusion method.

The heat stability of the antibacterial component
was tested by heating the cell free supernatant in a
water bath for 30 min at 60 °C, 80 °C, and autoclaving
for 15 min at 121 °C, after which antibacterial activity
was tested against V. harveyi LB 3 by the disc diffusion
method.

2.6. Siderophore production

Production of siderophores by the Pseudomonas PS-
102 isolate was determined using blue agar (chrome
azurol S or CAS agar) and by CAS assay solutions in
cell-free culture supernatants according to Schwyn and
Neilands (1987). For the detection of siderophores by
the CAS assay method, the isolate was grown in iron
deficient defined medium M9 (Maniatis et al., 1982) for
24 h and cell free culture supernatants were obtained by
centrifugation of the cultures at 8000 ×g at 4 °C for 15
min, followed by filtration using 0.2 μm pore size fil-
ters. Five millilitres of cell-free culture supernatant thus
prepared and 0.5 ml of CAS assay solution were mixed,
and after equilibrium was reached, absorbance of this
solution at 630 nm was recorded using SmartSpec spec-
trophotometer (BioRad). An un-inoculated medium was
used as reference and expressed as % siderophore units
(Payne, 1994). Further, the production of hydroxymate
and catechol siderophores was tested by Csaky's assay
and Arnow's assay, respectively, using 2,3-dihydroxy-
benzoic acid as a standard (Payne, 1994).

2.7. Pathogenicity test

2.7.1. Pathogenicity of Pseudomonas PS-102 to P.
monodon larvae

Pathogenicity of Pseudomonas PS-102 isolate was
tested on the larvae of P. monodon (stage PL 9) col-
lected from a commercial hatchery. Larvae tested neg-
ative for white spot syndrome virus (WSSV) by nested
PCR using Kimura's protocols (Kimura et al., 1996)
were used. They were maintained for 3 days in 25 ppt
seawater and fed with sterile lab made egg custard
feed. Fifty PL were distributed in 3 l plastic troughs
containing 2 l sterile seawater. Pseudomonas PS-102
culture grown at 30 °C on ZoBell's marine agar for 24
h was scraped from the surface of the plates using a
sterile loop and suspended in PBS. The cells were
washed twice in PBS and resuspended in sterile PBS
to OD600 of 1.0, corresponding to 5×108 cfu/ml. The
shrimp larvae were challenged at 107 cfu/ml. The
experiment was carried out in triplicate and the larval
mortality was monitored for up to 5 days.

2.7.2. Pathogenicity of Pseudomonas PS-102 on sub-
adult P. monodon

Sub-adults of P. monodon weighing ∼5 g each free
from WSSV by nested PCR were acclimatized in 20
ppt seawater for 2 days in the laboratory. The animals
were given a stress test using formalin (100 ppm for 1
h) with continuous aeration to eliminate weaker ones.
Then they were distributed into groups of 6 animals
each in 30 l capacity fiberglass tanks containing 20
l of 20 ppt seawater and maintained at 29–30 °C for
3 days. Animals were challenged by injecting 0.1 ml
(107 cfu) of Pseudomonas PS-102 in the region be-
tween the telson and last segment of the body using 1
ml sterile insulin syringes (29 G; Dispovan). A set of
control animals were injected with 0.1 ml sterile PBS.
Animals were fed with the commercial pellet feed
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(Higashimaru) and 50% of the water was exchanged
daily. Animals were observed daily during the morn-
ing and evening for any sign of weakness and mor-
tality for up to 14 days.

2.8. LD50 of Pseudomonas PS-102 in mice

Twelve-week-old male BALB/c mice were obtained
from the Veterinary College, Thrissur, Kerala. Mice
were lightly anesthetized with Halothane (Nicholas
Piramal) in a glass desiccator and challenged with Pseu-
domonas PS-102 at 109, 108, 107, 106 and 105 cfu/ml,
with suspensions prepared as mentioned above. Bacte-
rial preparation was administered dropwise through the
external nares using a micropipette (Socorex) fitted with
fine micropipette tip. The mice were housed in cages
(Tarsons) and fed with pellet feed, soaked Bengal gram
and water ad libitum. Mice were examined daily and the
development of signs of disease and mortality was
recorded. The LD50 value was determined following
Reed and Muench (1938).

3. Results

3.1. Antagonism assay

One hundred and twelve bacterial isolates obtained
from shrimp and prawn aquaculture systems and di-
seased tiger shrimp P. monodon and freshwater prawns
M. rosenbergii including 106 isolates of Vibrio species
and 6 Aeromonas spp. were tested for their susceptibi-
lity to the antagonistic component produced by Pseu-
domonas PS-102. Among the 112 pathogenic bacterial
isolates, 73% (82 isolates) were inhibited by the cell-
free culture supernatant of Pseudomonas PS-102, with
Table 1
Spectrum of inhibitory activity of extracellular inhibitory principle of Pseud

Pathogen Source

Vibrio cholerae Postlarvae of Macrobrachium rosenbergii
Vibrio mediterranei Postlarvae of Macrobrachium rosenbergii
Vibrio vulnificus Postlarvae of Macrobrachium rosenbergii
Vibrio nereis Postlarvae of Macrobrachium rosenbergii
Vibrio parahaemolyticus Postlarvae of Macrobrachium rosenbergii
Vibrio fluviallis Postlarvae of Macrobrachium rosenbergii
Vibrio proteolyticus Postlarvae of Macrobrachium rosenbergii
Vibrio anguillarum
Vibrio alginolyticus Moribund larvae of Macrobrachium rosenber
Vibrio harveyii Moribund postlarvae of Penaeus monodon
Aeromonas spp. Moribund larvae of Macrobrachium rosenber
Total
inhibitory zones ranging from 10 to 25 mm. All the 52
isolates of V. harveyi isolated from shrimp affected
with luminescent bacterial disease were susceptible to
the extracellular product of Pseudomonas PS-102
(Table 1).

3.2. Optimal salinity, pH and temperature for the
production of antagonistic action in Pseudomonas
PS-102

Although Pseudomonas PS-102 was able to grow
from 25 to 40 °C, the optimum temperature for growth
recorded for the production of the antagonistic compo-
nent was 30 °C, with a maximum inhibitory zone of 15
mm on the 5th day (Fig. 1 a and b). The tested pH
ranges did not result in significant variation in the
growth of Pseudomonas PS-102 or inhibitory activity.
However, the antagonistic activity was highest at pH 8.0
after 7 days of culture with a clearing zone of 16 mm
(Fig. 1 c and d). Pseudomonas PS-102 showed opti-
mum growth at 5 ppt salinity, wherein, peak growth was
attained after the 3rd day (after 60 h) with concomitant
maximum production of inhibitory metabolite. Anta-
gonistic activity was observed after 48 h in the broth
grown at salinities of 5 and 10 ppt with a clearing zone
of 16 mm. Although growth was observed at 30 and 35
ppt the inhibitory activity of the culture supernatants
was poor (Fig. 1e and f).

3.3. Effect of dilution of the cell free supernatant of
Pseudomonas PS-102 on antibacterial activity against
V. harveyi LB 3

Production of the antagonistic component was ob-
served after about 30 h of growth when the culture
omonas PS-102

No. of isolates
tested

No. of isolates
susceptible

Zone of clearance
(mm)

12 5 18–22
7 3 18–22
8 3 18–22
11 7 18–22
4 2 18–22
1 1 19
2 2 18–22
1 1 15

gii 8 4 10–25
52 52 15–18

gii 6 2 15–30
112 82
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Fig. 1. Effect of salinity, pH and temperature for the production of antagonistic principle in Pseudomonas PS-102.
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entered the late log phase, and the activity peaked in
the stationary phase and remained stable thereafter,
with only minor fluctuations in the activity (Fig. 2).
The cell free supernatant of Pseudomonas PS-102
showed inhibitory activity against the pathogenic lu-
minescent bacterium, V. harveyi (LB 3) even after
dilution up to 30% of its original crude concentration
(Table 2).
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3.4. Preliminary characterization of antagonistic
component

The antibacterial activity of the cell free superna-
tant was not affected after treatment with any of the
enzymes tested. The zone of inhibition (12 mm)
observed after treatment with the enzymes was
equal to the untreated cell free supernatant that
served as a control. The antibacterial component
did not completely loose its activity even after the
crude extract was autoclaved for 15 min at 121 °C.
The zone of inhibition produced by heat-treated
culture supernatant decreased to 9 mm, compared
to the control (12 mm).
Table 2
Inhibitory activity of diluted culture supernatant of Pseudomonas PS-
102 against Vibrio harveyi LB 3

Concentration of
the supernatant

Zone of clearance
(mm)

100 15
90 12
80 10
70 11
60 10
50 7
40 6
30 6
20 0
10 0
Control 0
3.5. Siderophore production by Pseudomonas PS-102

Pseudomonas PS-102 produced siderophores on
CAS agar as indicated by a yellowish halo around the
colonies, indicating their ability to survive and grow in
the iron deficient conditions. The organism was found
to produce 36.4% siderophore units as detected by the
CAS assay technique, and the siderophore belonged to a
catechol group as evidenced by production of 32 μM of
siderophores in the 5-day-old culture supernatant by
Arnow's assay.

3.6. Pathogenicity of Pseudomonas PS-102 to P.
monodon

The pathogenicity test on larvae of P. monodon
revealed that the Pseudomonas PS-102 isolate did not
cause any significant mortality after challenge. The
larval rearing water showed the presence of the Pseu-
domonas PS-102 isolate (107 cfu/ml) until day 5 and
Table 3
Pathogenicity of Pseudomonas PS-102 on P. monodon larvae (PL 9)
and adults

Pseudomonas
PS-102
cells/ml

No. of larvae
dead/no. tested

Pseudomonas
PS-102

No. of adults
dead/no.
tested

24 h 48 h 120 h cfu a injected 24 h 14 days

107 2/50 5/50 7/50 107 0/18 2/18
Control 3/50 4/50 8/50 Control 0/18 2/18
a Colony forming units.
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then was subsequently absent. The pathogenicity test on
adult P. monodon by injection also did not cause any
mortality (Table 3).

3.7. LD50 of Pseudomonas PS-102 cells in mice

LD50 of Pseudomonas PS-102 for BALB/c mice was
calculated by the Reed and Muench (1938) method after
recording the mortality in each dilution. The LD50 value
was found to be 109 cfu.

4. Discussion

The present study reports a promising antagonistic
bacterium Pseudomonas PS-102, isolated from a brack-
ish water lagoon, which showed antagonistic property
towards a wide range of pathogenic vibrios isolated from
penaeid andMacrobarchium larval rearing systems. The
production pattern of the antagonistic component in
ZoBell's Marine broth showed an increase in the late
stationary phase and this was sustained over a week in
the supernatant. Growth as well as production of the
antagonistic component over a wide range of tempera-
tures, pH and salinities suggests that the isolate Pseudo-
monas PS-102 could be a suitable candidate probiotic
for both penaeid and non-penaeid systems.

For application of Pseudomonas PS-102 as a probio-
tic during routine hatchery operations and Vibrio infec-
tions, the data on minimum inhibitory concentrations of
cell free supernatants containing the antagonistic factor
required for inhibiting the growth of vibrios is essential.
Our results of the experiment indicate that the cell free
supernatant can be diluted to 30% of its initial concen-
tration to retain its antagonistic activity.

In order to be considered as a probiotic for applica-
tion in shrimp culture systems, the strain has to be
evaluated for safety to the host and its pathogenicity to
a mammalian system (Verschuere et al., 2000, Singh et
al., 2003). The Pseudomonas PS-102 isolate did not
cause any harmful effects to shrimp larvae or sub-adults
upon challenge even at a dose of 107 cells introduced by
injection. The high LD50 to BALB/c mice of 109 cfu
also indicates its safety for mammalian system.

The cell free supernatant of the Pseudomonas PS-
102 showed inhibitory activity on different species of
Vibrio and also Aeromonas that have been considered as
major pathogens in aquaculture systems (Sindermann,
1990). Numerous studies have implicated siderophores
as bacteriostatic substances produced by Pseudomonas
species (Guerinot, 1994). Pseudomonas PS-102 pro-
duced significantly high levels of siderophores from
the catechol group. Inhibitory activity of the cell free
supernatant of Pseudomonas PS-102 isolate against V.
harveyi was not affected by proteolytic, lipolytic and
amylolytic enzymes. Chythanya et al. (2002) reported
that the antibacterial activity of a cell free supernatant of
Pseudomonas I-2 isolate was not affected by proteolytic
enzymes like pepsin and trypsin. They indicated that the
antagonistic action responsible for the inhibition of
vibrios is due to pyocyanin, a chloroform soluble sub-
stance. The production of siderophore by Pseudomonas
PS-102 would be one of the important inhibiting agents
of pathogens (Bossier et al., 1988). However, further
characterization of the inhibitory factor of Pseudomo-
nas PS-102 is warranted.

Activity of the cell free supernatant of Pseudomonas
PS-102 even after treatment at high temperatures sug-
gests the stability of the antagonistic component. Sim-
ilar observations were also recorded by Chythanya et al.
(2002), who reported that the antibacterial activity of a
cell free supernatant of Pseudomonas I-2 isolate was not
affected at 100 °C. This property of heat stability would
be of greater use during the industrial level production
of probiotics. The bacterial biomass along with the
culture broth containing the antibacterial metabolite
can be incorporated during shrimp feed production,
which at certain stages of production is exposed to
higher temperatures. Considering the higher protein
levels reported in the Pseudomonas sp. (Mohammed,
1996), the bacterial biomass of Pseudomonas PS-102
per se would serve as single cell protein as well.

A number of earlier studies have also shown that
bacteria produce inhibitory substances that inhibit the
bacterial pathogens in aquaculture systems (Austin et
al., 1995; Nogami and Maeda, 1992; Rengpipat et al.,
1998; Gram et al., 1999). The use of such bacteria to
inhibit pathogens by release of antimicrobial substances
is now gaining importance in shrimp farming as a better
and more effective alternative than administering anti-
biotics to manage the health of shrimps (Moriarty, 1997;
Verschuere et al., 2000).

Members of the genus Pseudomonas are common
inhabitants of soil, freshwater and marine environments
and are known to produce a wide range of secondary
metabolites (Raaijmakers et al., 1997) inhibiting a wide
range of pathogenic bacteria. The fluorescent pseudo-
monads have been used as biocontrol agents in several
rhizophere studies where their inhibitory activity has
been attributed to a number of factors, such as the
production of antibiotics, hydrogen cyanide or iron-
chelating siderophores (Raaijmakers et al., 1997). Pseu-
domonas spp. and vibrios are the most common genera
associated with crustaceans (Moriarty, 1997) and are
common inhabitants of the aquatic environment
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including shrimp culture ponds (Otta et al., 1999). Tor-
rento and Torres (1996) reported the in vitro inhibition
of V. harveyi by a Pseudomonas species isolated from
the aquatic environment. As with their terrestrial coun-
terparts, aquatic pseudomonads are often antagonistic to
other microorganisms (Gram, 1993), including fish
pathogenic bacteria (Smith and Davey, 1993) and fish
pathogenic fungi (Bly et al., 1997). Gram et al. (1999)
demonstrated the protection of rainbow trout adminis-
tered with P. fluorescens AH2 when challenged with V.
anguillarum. Another study by Smith and Davey (1993)
demonstrated that bathing Atlantic salmon in a strain of
P. fluorescens reduced subsequent mortality from stress-
induced furunculosis. Chythanya et al. (2002) also
reported inhibition of shrimp pathogenic vibrios by an
estuarine strain of Pseudomonas, attributed to a low
molecular weight, heat stable non-protein antimicrobial
substances.

It has been observed that in the beginning of the
shrimp larval rearing period the Pseudomonas group
dominates and subsequently members of the family
Vibrionaceae take over (Singh, 1986, 1990). Therefore,
if we could introduce probiotic isolates that could ex-
clude the vibrios from the system in the beginning itself
it should be possible to improve larval survival. The
recent advancements in hatchery technology provide
every possibility to transform the hatchery system into
a closed re-circulating type where the probiotic organ-
isms introduced could be retained within the culture
systems without being washed away. The unique char-
acteristics of Pseudomonas sp. PS-102, such as, a sig-
nificant antibacterial property towards a wide spectrum
of bacterial pathogens, its ability to survive under shrimp
larval rearing conditions (over 5 days), and tolerance to a
wide range of physico-chemical conditions of shrimp
rearing systems, as well as safety to shrimp and mam-
malian systems, qualifies this strain as an ideal probiotic
for use in shrimp and scampi rearing systems.
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