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ABSTRACT: The marine environment covers three quarters of the surface of the planet
is estimated to be home to more than 80% of life and yet it remains largely unexplored.
The rich diversity of marine flora and fauna and its adaptation to the harsh marine
environment coupled with new developments in biotechnology, has opened up a new
exciting vista for extraction of bioactive products of use in medicine, In this study
inhibitory activity of a marine bacterium isolated from gut of ribbonfish was studied
against pathogenic and environmental isolates of Vibrio species. This strain was identified
as Pseudomonas stutzeri and it was found active against V. harveyi (luminescent
bacteria), V. cholerae, V. alginolyticus, V. damseal, V. fluvialis. The antibacterial
substance produced by Psaeudomonas stutzeri was soluble in organic solvent and closely
bound to external surface of bacterial cells. Reduction of the absorbance of the V.cholerae
cell suspension was observed when log phase cells of V.cholerae were treated with MIC
and 4xMIC concentration of crude extract of Pseudomonas stutzeri.
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INTRODUCTION

The sea is an immense and practically unexploited source of new potentially useful
biologically active compounds. Marine microorganisms comprise a comparatively
untapped reservoir of commercially valuable compounds with antibacterial, antiviral and
anticancer properties Colwell and Hill (1992). Marine microorganisms have become an
important tool of study in the search for novel products. Today both academic and
industrial interest in marine microorganisms is on the rise, the results of these efforts have
led to several significant discoveries of compounds of medical importance Paul (1992).
Marine microorganisms are particularly attractive because they fit in with the traditional
pharmaceutical ‘model’ of a natural product drug source moreover supply to bulk
amounts of a microbial derived drug can be addressed by large scale fermentation of bio
active marine microorganisms. Fluorescent Pseudomonads have been used as biocontrol
agents in several rhizosphere studies Sullivan et al (1992) where their inhibitory activity
has been attributed to a number of factors, such as the production of antibiotics Mazzola,
et al (1992) and Shanahan et al (1992), hydrogen cyanide Voisard et al (1989), or iron-
chelating siderophores Kloepper et al (1980). Pseudomonads constitute a large part of the
microflora of the gills, skin, and intestinal tracts of live fish Cahill (1990) and are only
rarely reported as pathogens of fish Hatai, et a/ (1988). As with their terrestrial
counterparts, aquatic Pseudomonads are often antagonistic against other microorganisms
Gram (1993) including fish-pathogenic bacteria Smith ef al (1993).
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Changes in global climate have raised concerns about the emergence and resurgence of
infectious diseases. Vibrio cholerae is a reemerging pathogen that proliferates and is
transported on marine particles Colwell (1996). The Vibrio genus contains motile, Gram-
negative bacteria that are obligate aerobes. Vibrio has a recognizable curved shape and
single polar flagella. Although Vibrio species are non-invasive pathogens, they cause
some of the most serious cases of diarrhea and thousands of people die from infection
annually. Pathogenic biotypes of V. cholerae are annually responsible for more than
300,000 cases of cholera, 6,500 of which are lethal, in over 50 countries worldwide.
(World Health Organization 2000) The ecology of V. cholerae is intimately coupled with
its attachment to particles, and these interactions are considered important in its
transmission from aqueous environments to humans Colwell ef a/ (2003). The association
of V. cholerae with both phytoplankton Huq et a/ (1990) and zooplankton Kaper et a/
(1979) is well documented. V. cholerae can reach such high abundance (10* to 10°) on
larger particles that a single particle is sufficient to provide an infectious dose to humans
Colwell (1996). The present study was undertaken to determine the antibacterial potential
of marine Pseudomonas stutzeri isolated from fish to evaluate its antivibrio activity and to
assess the potential of the aquatic Pseudomonas sp for the production of secondary
metabolites with antibiotic activity.

MATERIALS AND METHODS

Bacterial strains:

Clinical isolates were collected from various medical centers of Pakistan. Marine
Vibrio strains were isolated from fish and crustaceans samples. Identification of each
bacterial culture was done by conventional methods; gram-negative rods were identified
with API20E and 20NE system. All Vibrio species strains were stocked in alkaline
peptone water (ASW medium). Pseudomonas strains were stocked in brain heart infusion
broth containing 20% glycerol. The bacteria were slanted on the respective media before
being used in the experiments.

Anti Vibrio activity of Pseudomonas stuzeri:

In vitro antibacterial activity of Pseudomonas stutzeri was tested against V. harveyi
(luminiscent bacteria), V. cholerae, V. alginolytticua, V. damseal, V. fluvialis by agar well
diffusion method. Different strains of Peudomonas sp ‘were grown in brain heart infusion
broth and incubated at 37°C for 48 h. After 48 h cell free neutralized supernatants were
obtained by centrifugation (10,000rpm for 30 min at 4°C). The cells were discarded and
pH of the supernatant was adjusted to 7.0 with 1 N NaOH. Lawn of Vibrio sp was
prepared on blood agar plates and wells of (Smm diameter) were cut and 100pl of
supernatant of Pseudomonas sp were poured into the wells and plates were incubated at
37°C forl2 to 48 h and examined for zone of inhibition (area where target isolate failed to
grow).

Effect of enzymes on antibacterial metabolite:
To find out chemical nature of the antibacterial metabolite. Filtrate of Pseudomonas
stutzeri was treated with different enzymes (PepsinlOug/mL, ProteaseP10ug/mL,
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ProteaseK1pg/ml., RNaselOpg/ml) and treated samples were tested by agar well
diffusion method.

Preparation of crude extract:

A seed culture was prepared and inoculated onto King B agar medium plates and the
plates were incubated at 30°C for 5 days. The culture was first extracted with 3 volumes
of 80% acetone with water and then with ethyl acetate from the agar surface at room
temperature. The combined ethyl acetate extract was evaporated under vacuum to yield
the crude ethyl acetate extract (2.67g).

Determination of Minimal Inhibitory Concentration:

The minimal inhibitory concentration of crude extract was determined by disc
diffusion method of Bauer et al (1966). Sterile discs containing different concentrations
of crude extract (varying from 0.01 to 100 pg/disc) were prepared. The prepared discs
were placed on the surface of MH agar plate seeded with test culture and incubated at
37°C for 24 hours. The results were noted on the basis of presence or absence the zone of
inhibition. The MIC was determined as the lowest concentration of the crude extract
showing zone of inhibition,

Bacteriolytic assay:

The seed culture of V. cholerae in alkaline peptone water (ASW) were washed twice
with sterile distilled water containing 0.9% NaCl and the absorbance was adjusted to 0.05
at 600nm.The bacterial cell suspension was divided into aliquots of 5 ml each placed in
sterile test tube and exposed to crude extract at MIC and 4xMIC concentration, untreated
bacterial suspension were used as the negative control. These test tubes were incubated at
30° C by shaking at 120 rpm the absorbance was measured at 0, 60, 120,180, and 240,
300,60 min

Result and Discussion:

Antibacterial metabolite producing strain was isolated from gut of ribbonfish caught
from Baluchistan coast of Pakistan. This strain was identified as Pseudomonas stutzeri,
which produced green pigment on King B agar medium. Loss in pigmentation was
observed when grown on seawater-based medium. It was capable of growth up to 4%
sodium chloride (NaCl) and it failed to grow on medium without NaCl. This bacterium
was negative for luminescence, amylase, gelatinase, catalase, urease, indol production and
positive for oxidase and citrate utilization. These characters placed this bacterium under
the genus Pseudomonas. As seen in table 1 all the pathogenic and environmental isolates
of Vibrio. sp were sensitive to this strain with varying degree of inhibition. Antibacterial
activity among marine bacteria is a well-known phenomenon and demonstrated in a
number of studies (Rosenfeld and Zobell 1947; Anderson et al 1974;Lemos et al 1985;
Dapazo et al 1988; Mc Carthy et al 1994 and Alim Isnansetyo et a/ 2003). The cell free
supernatant and crude extract display inhibitory active against V.harveyi (luminescent
bacteria) (Fig. 1), V. cholerae, V. alginolytticua, V. damseal, V. fluvialis. No loss in
antibacterial ~activity was observed on treatment with proteolytic enzyme,
(PepsinlOpg/mL, ProteaseP10ug/mlL, ProteaseK1pg/mL, RNaselOpg/mL) by agar well
diffusion method. This indicated that the antibacterial substance might not be
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proteinaceous in nature. The antibacterial substance produced by Pseudomonas stuzeri
was recovered from the cells and the King B agar medium inoculated with Pseudomonas
stuzeri after 5 days of incubation using 80% acetone and ethyl acetate. Burkholder et a/
1966 observed better antibiotic production by a marine bacterium on solid medium. Since
the antibacterial substance could be recovered from both the cells and King B agar
medium, it can be inferred that the antibacterial substance may be bound to the outer cell
surface and secreted into the solid medium, This corroborates with earlier observations
(Rosenfeld and Zobell 1947; Lemos et al 1985) reported that the inhibitory compounds
remains closely bound to the cells, The production of antibiotic substance by
Pseudomonas stutzeri was observed to be growth associated phenomenon in an earlier
study and probably released as a secondary metabolite into the surrounding environment.
According to Lemos et al (1985), if the antibiotic remains bound to cells, they can be
excreted slowly and continually to the environment preventing colonization of the
adjacent space by competitors. A rapid release of the antibiotic substance by antibiotic
producing bacteria probably would not provide them any competitive advantage because
the seawater would immediately wash it away. The observation of the present study
further indicated that the antibacterial compound of Pseudomonas stutzeri could be an
organic compound or polysaccharide as other antibacterial substances recovered from
marine bacteria using ethyl acetate have tumed out to be a a pyrole (Burkholder et al
1966) or quinolinol (Wratten et al 1977) or tyrosol and isatin(Gil-Tumes and Finical
1992)or a polysaccharide(Anderson et al 1974). Reduction of the absorbance of the
V.cholerae cell suspension was observed when log phase cells of V.cholerae were treated
with MIC and 4xMIC concentration of crude extract of Pseudomonas stutzeri (Fig 2).
These results indicated that crude extract lyse Vibrio cholerae. The MIC of crude extract
for V.cholerae and V.damsel were 5-7 ug/ml for V.harveyi and V.alginolyticus was 6-
8ug/ml.

Table 1. Zones of inhibition produced by culture filtrate of Pseudomonas stutzeri
_against Vibrio species (By agar well diffusion method).

Strains tested No of strains Size of zone of
et tested inhibition (mm)
V. harveyi 3 18
V. cholerae 5 16
V. alginoilticus 6 15
V. damseal 5 18
V. fluvialis 4 20

V. homini 5 16
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Fig. 1. Bioassay plate showing antibacterial activity of culture filtrate of Pseudomonas
stutzeri against Vibrio harveyi by agar well diffusion method A: No zone of

inhibition B, Zone of inhibition.
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Fig. 2. Bacteriolytic activity of crude extract of Pseudomonas stuzeri against Vibrio
cholerae at MIC and 4xMIC.
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