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Marine water samples were collected from a coastal region of Pushpavanam,
Nagapattinam District, Tamil Nadu, India. Marine Pseudomonas and Proteus were isolated
and identified according to morphology, biochemical test and selective complex marine
growth medium. The identified marine organisms were maintained with LB broth. The
cultures were harvested by cooling centrifugation at 9,000x g for 20 min. This suspension
was incubated at 28°C for 24 hours after incubation the cells removed by centrifugation
method. The supernatant was filter sterilized and antibacterial activity was zone of
inhibition performed by measuring overlay assay technique and drop test assay method.
Samples were suspended in sucrose — dye — solution and identification of antibacterial
protein band resolved by polyacrylamide gel electrophoresis. The gel was washed with
distilled water. The protein fraction was identified by the drop test. All the proteins were
assayed with a bicinchoninic acid protein kit. The protein fraction elution was done with
phosphate buffer solution. The protein fraction was stored at 20°C after freeze — drying.
The antibacterial protein was detected within SDS-PAGE treatment with Coomassie
brilliant blue. The concentration level of antibacterial protein is necessary to result in cell
death and to inhibit the growth of marine microorganisms in suitable medium. Bacterial
cells were inoculated at time zero and the bacterial growth rates and cell viability were
measured by colony forming unit.

Introduction

Marine organisms
source for natural products of the future due
incredible diversity of chemical

to the

represent a promising  The microbial diversity in the sea is yet to be
revealed. In the last few years,

microorganisms emerged as a new field for

marine

compounds that were isolated. Oceans cover
almost 70% of the earth surface and over 90%
of volume of its crust (Fenical, 1993). The
marine surface environment is a site of
intense competition for living space by a wide
variety of organisms. Bacteria are generally
recognized as primary colonizers of this
habitat (Bryers, 1982).

the discovery of novel biologically active
compounds (Fenical, 1997).

Marine natural products have an exceedingly
bright future in the discovery of life saving
drugs. The first antibiotic from marine
bacterium was identified and characterized
(Burkholder et al., 1966).
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An increasing number of compounds with
antibacterial activity have recently been found
to be produced by a variety of organisms
present in the marine surface environment.
The red alga to produce Delisea pulchra has
been shown to produce halogenated furanones
with activity against representatives of the
three major groups of fouling organisms,
including invertebrate larvae, macroalgae and
bacteria (De Nys et al., 1995).

Bacteria are generally recognized as primary
colonizers of this habitat (Bryers and
Characklis, 1982) and are able to rapidly form
biofilms over freshly exposed surfaces as the
prominence of bacteria during early
colonization events and their almost universal
presence on marine surfaces, including those
of benthic marine invertebrates and algae
(Provasoli et al., 1980; Walls et al., 1993).

Compared with terrestrial organisms, the
secondary metabolites produced by marine
organisms have more novel and unique
structures owing to the complex living
circumstance and diversity of species, and the
bioactivities are much stronger (Burgess et
al., 1999; Proksch et al., 2002; Schupp et al.,
1999).

Furthermore, along with the deep studies of
marine natural products biosynthesis, some
evidence indicates that many bioactive
compounds previously found in marine
animals and plants were produced or
metabolized by associated microorganisms
(Carte et al.,, 1996; Kohler et al., 1999;
Osinga et al., 2001; Rinehart, 2000; Sponga et
al., 1999).

Members of the genus Pseudomonas show
remarkable metabolic and physiological
versatility, enabling their colonization of
diverse terrestrial and aquatic habitats.
Pseudomonas are of great interest because of
their role in plant and human disease and their

growing potential in  biotechnological
applications (Mena and Gerba, 2009). Stanier
et al, 1966 published a comprehensive
appraisal of the taxonomy of Pseudomonas
spp., which is largely determined by
phenotypes and biochemical capabilities
(Mena and Gerba, 2009).

The Pseudomonas was wide range of abiotic
and biotic environments which overlap among
the species. Pseudomonads are a large group
of free- living bacteria that live primarily in
soil, seawater, and fresh water. Especially,
Pseudomonas aeruginosa is particularly
prevalent in environments, such as soil, sea
water, sewage and associated with some
plants. Although commonly isolated from the
marine environment, the apparent distribution
has been restricted to river outfalls and
shorelines (Velammal et al., 1994; Yoshpe —
Pure and Golderman, 1987; Kimata et al.,
2004).

The genus Proteus currently consists of five
species: P. mirabilis, P. vulgaris, P. penneri,
P. hauseri and P. myxofaciens, as well as
three  unnamed Proteus genomospecies
(Ohara et al., 2000). Proteus myxofaciens is
the only Proteus species without any
significance in the pathogenicity of humans, it
has been isolated from living and dead larvae
of the gypsy moth Proteria dispar (Janda et
al., 2006).

Marine organisms

Screening of organic extracts from marine
sponges and other marine organisms is a
common approach to identify compounds of
biomedical importance. Notable exception to
this is the study performed by Mebs et al.,
(1985) and Kristina et al., (1997). Aqueous
extracts from sponge species were tested for

hemolytic ~ hemagglutinating,  cytotoxic,
antimicrobial, anticholesterase and lethal
activities.

1350



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

The genus Pseudoalteromonas includes both
pigmented and non-pigmented, Gram-
negative, rod shaped, heterotrophic marine
bacteria that are motile by means of polar
flagella. This recently described genus is the
result of extensive taxonomic revision on the
basis of the phylogenetic relationships among
members of the genera Alteromonas,
Shewanella and Moritella. Gauthier et al.,
(1995) suggested that the genus Alteromonas
be divided into two genera, with the majority
of species being reclassified within the new
genus Pseudoalteromonas, leaving
Alteromonas macleodii as the sole species of
Alteromonas.  Species of the genus
Pseudoalteromonas, the majority of which
appear to be associated with eukaryotic hosts
(Holmstrom and Kjelleberg, 1999), are
isolated frequently from marine waters around
the world. Species have been isolated from
various animals such as tunicates (Holmstrom
et al., 1998), mussels (Ivanova et al., 1996),
pufferfish (Simidu et al., 1990) and sponges
(Ivanova et al., 1998) and from a range of
marine algae (Akagawa - Matsushita et al.,
1992; Yoshikawa et al., 1997).

The bacterial strains in this study were
isolated from the surface of the marine alga
Ulva lactuca. Both strains have been shown
to inhibit the settlement of larvae of the
marine invertebrate Balanus amphitrite and
the germination of spores of the green alga U.
lactuca and a species of the red alga
Polysiphonia (Egan et al., 2000).

Streptomycetes, Gram negative filamentous
bacteria, are widely distributed in a variety of
natural and man-made environments and
constitute a significant component of the
microbial population in most soil (Watve et
al., 2001). The results of extensive screening
have been the discovery of about 4000
antibiotic substances from bacteria and fungi,
many of which have found applications in
human medicine, veterinary medicine and

agriculture. Most of them are produced by
Streptomycetes  (Demain, 1999). Most
streptomycetes and also other actinobacteria
produce a diverse array of antibiotics,
including  aminoglycosides,  macrolides,
peptides, polyenes, polyether, tetracyclines,
etc. In searching for new antibiotics, over
1000 different bacteria (including
actinobacteria), fungi and algae have been
investigated. To  prevent  exponential
emergence of microorganisms becoming
resistant to the clinically available antibiotics
already marketed, the periodic replacement of
existing antibiotics is necessary.

Marine fungi are an ecological rather than a
taxonomic group. However, the ascomycetes
order Halosphaeriales comprises largely
marine species with 43 genera and some 133
species (Jones, 1995). This is approximately
half of the total number of marine
ascomycetes (Kohlmeyer and Volkmann -
Kohlmeyer, 1991).

Kohlmeyer and Kohlmeyer (1979) stated that
“considerable additions of new species in the
future are unlikely” and indicated that there
were then less than 500 marine fungi. Several
recent papers have addressed the issue of the
diversity and numbers of marine fungi (Jones,
1995; Jones and Mitchell, 1996; Jones and
Alias, 1997). Jones and Mitchell (1996)
estimated that there are 1500 species
compared with 200,000 marine animals and
20,000 marine plants. The dramatic rise in the
numbers of new marine fungi, which has
occurred since the statement by Kohlmeyer
and Kohlmeyer (1979), is due to the nature of
the substrata examined for the occurrence of
fungi. Kohlmeyer and Kohlmeyer (1979)
listed 42 species of mangrove fungi, while the
current number approaches 200 species (Jones
and Alias, 1997). Similarly the number of
fungi recorded by Kohlmeyer and coworkers
from Junces roemerianus has also increased
(Kohlmeyer et al., 1996).
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Actinomycetes are the most widely distributed
groups of microorganisms in nature. They are
attractive, bodacious and  charming
filamentous gram-positive bacteria. They
make up in many cases, especially under dry
alkaline conditions, a large part of the
microbial population of the soil (Athalye et
al., 1981; Goodfellow and Williams, 1983;
Lacey, 1973; Lacey, 1997; Nakayama, 1981,
Waksman, 1961). Based on several studies
among bacteria, the actinomycetes are
noteworthy as antibiotic producers, making
three quarters of all known products; the
Streptomyces are especially prolific (Lacey,
1973; Lechevalier, 1989; Locci, 1989;
Saadoun and Gharaibeh, 2003; Waksman,
1961).

Actinomycetes are the most economically and
biotechnologically valuable prokaryotes and
are responsible for the production of about
half of the discovered secondary metabolites.
Because of the excellent track record of
actinomycetes in regard a significant amount
of effort has been focused on the successful
isolation of novel actinomycetes from
terrestrial sources for drug screening
programmes in the past fifty years. Recently
the rate of discovery of new compounds from
terrestrial  actinomycetes has decreased
whereas the rate of reisolation of known
compounds has increased. Thus, it is excited
that new groups of actinomycetes from
unexplored or under exploited habitals be
persued as sources of novel bioactive
secondary metabolites (Donia et al., 2003).

The diversity of actinomycete secondary
metabolites is unrivaled and unmatched in
medical  significance.  Structurally and
functionally diverse bioactive compounds

have also been isolated from other
prokaryotes, including members of the
myxobacteria (e.g., Sorangium) and

cyanobacteria (e.g., Nostoc), as antibiotics
with antimicrobial, antiviral, and antitumor

activities (Patterson et al., 1994; Reichenbach
et al., 2001; Schwart et al., 1990; Shimkets et
al., 2004). Recently, the rate of discovery of
new compounds from existing genera
obtained from terrestrial sources has
decreased, while the rate of reisolation of
known compounds has increased. Moreover,
the rise in the number of drug-resistant
pathogens and the limited success of
strategies such as combinatorial chemistry in
providing new agents indicate an uncertain
forecast for future antimicrobial therapy
(Projan, 2003; Projan et al., 2002). Thus, it is
critical that new groups of microbes from
unexplored habitats be pursued as sources of
novel antibiotics and other small-molecule
therapeutic agents (Bull et al., 2000).

Physico — chemical parameters of marine
environment

Analysis of the physico - chemical parameters
of the marine water samples collected from
different sites. The parameters such as P",
temperature, electrical conductivity, dissolved
solids, salinity, zinc, copper, iron, nickel,
cobalt, total mercury, total cyanide, total lead,
selenium, total silver, nitrate, nitrite,
ammonia, inorganic sulphide and sulphate
were analyzed using the standard methods
(Strickland and Parsons, 1972).

The collected sediment sample were first air
dried at room temperature, then crushed using
a porcelain mortar and pestle and then sieved
for further analysis. The P" of the suspension
was read using P meter (Systronics, India),
to find out the soil P™ Electrical conductivity
of the soil was determined in the filtrate of the
water extract using Conductivity Bridge and
Cation Exchange Capacity (CEC) of the soil
was determined by using 1 N ammonium
acetate solution. The reagents used for the
analysis were AR grade and double distilled
water was used for preparation of solutions.
The analyzed Physico - chemical parameters
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were observed by standard methods

(Muthuvel and Udayasoorian, 1999).
Bacterial enumeration

Bacteria were enumerated by the acridine
orange direct count (AODC) method (Hobbie
et al.,, 1977). Bacteria were sized from
enlarged photomicrographs (~ 4300) using a
digitizer (Hewlett Packard 9874A) according
to Simon (1987). Usually 40 to 120 cells were
sized on each filter.

To compute the cell volume we considered
the rod-shaped cells to be cylinders with a
hemispherical cap and cocci to be spheres. No
correction was made for possible cell
shrinkage as a result of sample preparation.

The bacterial growth rate was calculated by
the equation for exponential growth:

n= (|nN2— Ian) / (tl- tz)

Where N; and N, = bacterial abundance at the
beginning and the end of an incubation
interval; t; and t, = the corresponding times.

Fungal Enumeration (Dajoz, 1983)

Total Spore Count (TVC) of aquatic samples
was calculated by following pour plate
technique. Each sample was serially dilluted
with dilutions ranging from 10 - 10°and 1ml
of each dilution were poured on the nutrient
agar plates. Plates were incubated at 37 ¢ for
72 hours in an inverted position and the
colonies were counted. The count was
expressed as the number of colony forming
units in 1 ml of the original sample. The
occurrence of fungal species was calculated
according to Dajoz (1983), using the formula;

Fo =Ta. 100/ TA

Where,
Ta = number of samples in which a taxon has
occurred.

TA = total number of samples.

Values were considered according to the
following classification:

<10% = Rare, 10 < 25 % = Low frequency 25
< 35% = Frequent, 35< 50% = Abundant and
> 50% Very abundant.

Enumeration of actinomycetes

Isolation and enumeration of actinomycetes
were performed by soil dilution plate
technique using Glycerol-Yeast Extract Agar
(Glycerol 1 g, Yeast extract 0.4 g, K2HPO4
0.02 g, Peptone 5.0 g, Agar 3 g, Distilled
water 200 ml) complemented with nystatin
(50 pg/ml) at 27°C (Waksman, 1961). One
gram of dried soil was taken in 9 ml of
distilled water, agitated vigorously and
preheated at 50° C for 0.5 hours. Different
aqueous dilutions, 10, 10, and 107 of the
suspension were applied onto plates and 20
ml of melted medium at around 50°C was
added to it. After gently rotation, the plates
were incubated at 27°C for 7 to 14 days.
Selected colonies (rough, chalky) of
actinomycetes were transferred from mixed
culture of the plates onto respective agar
plates and incubated at 27°C for 7 days. Plates
containing pure cultures were stored at 40°C
until further examinations.

Isolation and identification of marine
organisms

One gram from each soil sample was placed
in 9 ml of asparagine broth enrichment
medium consisting of 2g |-1 asparagine L-
monohydrate (Fluka, Switzerland) 1g I-1
K,HPO, (BDH, England) and 0.5 g I-1
MgSO,-7H,O (BDH, UK) in order to
enhance Pseudomonas growth. The samples
were incubated for 48 h at 37°C with vigorous
shaking at 200 rpm to provide aeration for the
bacteria. A loopful of the resulting bacterial
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suspension was streaked onto asparagine
plates containing 1.5% agar (Oxoid, UK) and
incubated at 37°C until colonies developed.
The bacteria were then transferred to fresh
asparagine  plates according to the
morphological characteristics of colony
colour, shape and size (Projan, 2002).

Actinomycetes were isolated by soil dilution
plate technique on starch casein agar medium,
starch nitrate agar medium, glycerol glycine
agar medium, and chitin agar medium
(Haefner et al., 2003). The plates were
incubated at 28°C and the number of colonies
was determined after 15 days. All the medium
containing 50% sea water was supplemented
with Nystatin 50pug/ml and Nalidixidic acid
20 pg/ml to inhibit the bacterial and fungal
contamination, respectively (Haque et al.,
1992).

The selected colonies were picked up and
further purified by streak plate technique over
starch casein agar slants. The antimicrobial
activity was studied preliminarily by cup plate
method (Haque et al., 1992) against bacteria
and fungi. The test organisms were used are
Bacillus subtilis, Staphylococcus aureus
Escherichia coli, Pseudomonas aeruginosa,
Aspergillus niger. After preliminary testing of
the isolates for their antimicrobial activities,
the most active isolates were selected for
further study.

Gram staining

A smear of the isolate was prepared on a
clean glass slide and smear was allowed to air
dry and then heat fixed. Heat fixed smear was
flooded with crystal violet and after one
minute, it was washed with water and flooded
with mordant Gram’s iodine. Smear was
decolorized with 95% ethyl alcohol, and then
washed with water. The smear was counter
stained with safranin for 45 seconds. After
washing with water, smear was dried with
tissue paper and examined under oil

immersion (100x) (Han’s Christian Gram,
1884).

Motility test

The motility was situated by employing
hanging drop method. A drop of culture broth
was placed on the centre of the cover slip.
The vaseline was applied over each corner
slip. Then the slide was observed through the
oil immersion microscope (Jordan et al.,
1934).

Biochemical characterization

A single colony was selected for biochemical
tests. P. aeruginosa is oxidase positive,
hydrolyses casein, and produces pyocyanin
and/or fluorescence. Occasionally a non-
pigmented variant of P. aeruginosa can occur,
therefore a pyocyanin negative, casein
hydrolysis positive, fluorescence positive
culture can also be regarded as P. aeruginosa.
Isolated strains were biochemically identified
by conventional tests followed by use of API
20 NE identification system (APl 20 NE,
Biomerieux).

Colony characteristics, including pigment
production were determined on Pseudomonas
P Agar (Acumedia) and NA (Difco). All
strains were characterized by the following
classical tests according to Bergey’s Manual
of Systematic Bacteriology (Palleroni, 1984)
Gram  staining,  cytochrome  oxidase
production, catalase production and growth
on McConkey Agar and 42°C. Isolated strains
were biochemically identified by
conventional tests followed by use of API 20
NE identification system (APl 20 NE,
Biomerieux). To examine the enzyme profiles
of isolates the APl ZYM (Biomerieux) system
was used, essentially as recommended by the
supplier. The results were obtained in
duplicate and analyzed employing the Apilab
Plus Software (Biomerieux).
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Morphological characterization

Morphological and cultural characters of the
selected actinomycetes strain was studied by
inoculating  into  sterile  International
Streptomycetes Project ISP 1,3-7,9 media
(Matson et al., 1989; Ohshima et al., 1991).
The media were sterilized and poured into
sterile petridishes. After solidification of the
media, culture of the selected strain was
streaked on the media surface by simple
method aseptically and incubated at 37° C for
7 days (Salle et al., 1948; Shomura et al.,
1987). Morphological characters such as
colony characteristics, type of aerial hyphae,
growth of vegetative hyphae, fragmentation
pattern and spore formation were observed.

Molecular characterization

SDS - PAGE (Sodium Dodecyl Sulfate —
Poly Acrylamide Gel Electrophoresis)

Gel electrophoresis of proteins with a
polyacrylamide matrix, commonly called
polyacrylamide gel electrophoresis (PAGE) is
undoubtedly one of the most widely used
techniques to characterize complex protein
mixtures. It is a convenient, fast and
expensive method because they require only
the order of micrograms quantities of protein.
The proteins have a net electrical charge if
they are in a medium having a pH different
from their isoelectric point and therefore have
the ability to move when subjected to an
electric field. The migration velocity is
proportional to the ratio between the charges
of the protein and its mass. The higher charge
per unit of mass the faster the migration.
Proteins do not have a predictable structure as
nucleic acids, and thus their rates of migration
are not similar to each other. They can even
not migrate when applying an electromotive
force (when they are in their isoelectric
point). In these cases, the proteins are
denatured by adding a detergent such as

sodium dodecyl sulfate (SDS) to separate
them exclusively according to molecular
weight. This technique was firstly introduced
by Shapiro et al., (1967). SDS is a reducing
agent that breaks disulfide bonds, separating
the protein into its sub-units and also gives a
net negative charge which allows them to
migrate through the gel in direct relation to
their size. In addition, denaturation makes
them lose their tertiary structure and therefore
migration velocity is proportional to the size
and not to tertiary structure.

Some highlights of the polyacrylamide gel
electrophoresis are:

Gels suppress the thermal convection caused
by application of the electric field, and can
also act as a sieving medium, retarding the
passage of molecules; gels can also simply
serve to maintain the finished separation, so
that a post electrophoresis stain can be applied

The polyacrylamide gels are formed by
polymerization of acrylamide by the action of
a cross-linking agent, the bis-acrylamide, in
the presence of an initiator and a catalyst.
Persulfate ion (S208), that is added as
ammonium  persulfate  (APS) is the
gelsolidifying initiator and a source of free
radicals, while TEMED (N, N, N, N'-
tetramethylethylenediamine) catalyzes the
polymerization reaction by stabilizingthese
free radicals. In some situations, for example,
isoelectric focusing the presence of persulfate
can interfere with electrophoresis, so
ribofavin and TEMED are used instead

Acrylamide solutions are degassed as oxygen
is an inhibitor of polymerization. Moreover,
the polymerization releases heat that could
cause the formation of bubbles within the gel

The rate of polymerization is determined by
the concentration of persulfate (catalyst) and
TEMED (initiator)
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The acrylamide gel electrophoresis systems
may be performed using one or more buffers,
in these cases of continuous phosphate buffer
system (Weber and Osborn, 1968) or
discontinuous buffer systems (Ornstein, 1964;
Davis, 1964: Laemmli, 1970) adopted the
discontinuous electrophoresis method and the
term "Laemmli buffer" is often used to
describe the tris-glycine buffer system that is
utilized during SDS-PAGE. In discontinuous
systems the first buffer ensures the migration
of all proteins in the front of migration, what
causes the accumulation of the entire sample
that has been loaded into the well. The
separation really begins from the moment
when the migration front reaches the
boundary of the second buffer. The first gel,
“stacking”, has larger pore (lower percentage
of acrylamide / bisacrylamide) and has a pH
more acidic than the second gel which is what
really separates proteins. This system is
particularly suitable for analyzing samples
diluted without losing resolution
(Westermeier, 2005).

Sodium dodecyl sulfate—polyacrylamide gel
electrophoresis (SDS-PAGE) The extraction
of total cell protein content of the strains
studied was determined according to Pot et
al., (1994) and separation of proteins based on
their molecular weight was achieved through
SDS-PAGE technique (Laemmli, 1970).

The cultures were used as an inoculum (1%
v/v) in 10 ml NB, and incubated at 37 °C for
24 h.

The pellet washed two or three times with
sodium phosphate buffer (0.01M) containing
0.8 % NaCl (pH 7.3; sodium phosphate-
buffered saline). The extracts were sonicated
on ice during 45 seconds. After lysis, the
sonicated extracts were centrifuged at 5000xg
for 10 min. The pellet was discarded and the
supernatant was supplemented with sample
buffer (0.062 M Tris- HCI, 0.75 ¢g; 2-

merkapto etanol, 5ml; glycerol, 10ml;
bromophenol blue, 1mg) and added 20%
SDS, 0.1ml, heated for 10 min at 95°C.
Protein extracts underwent SDS-PAGE on
vertical slab gels in an electrophoresis
apparatus. Electrophoresis was performed
using a power supply operated at a constant
current of 20 mA through the stacking gel and
30 mA through the resolving gel. A standard
protein solution (MBI Fermentas, SM 0439),
containing 7 proteins ranging in size from
14.4 to 116 kDa, was used as a molecular
weight marker and for the normalization and
interpolation of the protein patterns. The
proteins were run on 10% SDS-PAGE and
gels were stained with Coomassie blue R250.
Afterwards, the gels were distained until
protein bands become clearly visible.

Protein separation

Proteins separated on a polyacrylamide gel
can be detected by various methods, for
instance dyes and silver staining.

Dyes

The Coomassie blue staining allows detecting
up to 0.2 to 0.6 pg of protein, and is
quantitative (linear) up to 15 to 20 pg. It is
often used in methanol-acetic acid solutions
and is discolored in isopropanol-acetic acid
solutions. For staining of 2-DE gels it is
recommended to remove ampholytes by
adding trichloroacetic (TCA) to the dye and
subsequently discolor with acetic acid.

Silver staining

It is an alternative to routine staining protein
gels (as well as nucleic acids and
lipopolysaccharides) because its ease use and
high sensitivity (50 to 100 times more
sensitive than Coomassie blue staining). This
staining technique is particularly suitable for
two-dimensional gels.
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Detection of radioactive
autoradiography

proteins by

The autoradiography is a detection technique
of radioactively labeled molecules that uses
photographic ~ emulsions  sensitive  to
radioactive particles or light produced by an
intermediate molecule.

The emulsion containing silver is sensitive to
particulate radiation (alpha, beta) or
electromagnetic radiation (gamma, light...), so
that it precipitates as metallic silver. The
emulsion will develop as dark precipitates in
the region in which radioactive proteins are
detected.

Western blot

Western blot is a widely used method in
molecular biology and biochemistry to detect
proteins in a sample of cell homogenate or
extract. The proteins are transferred from the
gel to a membrane -made of nitrocellulose,
nylon or polyvinylidene difluoride (PVDF),
where they are examined using specific
antibodies to the protein. As a result, the
amount of protein in a sample can be
examined and it is also possible to compare
levels among various analytical groups.

The method was initiated in the laboratory of
George Stark at Stanford. The name "western
blot" was given to the technique by Burnette
(1981), comparing it with the "southern blot"
technique for DNA detection developed by
Edwin Southern. The detection of RNA is
also called Northern blotting.

The most powerful method is the transference
of proteins from the gel to a membrane by
applying an electric field perpendicular to the
gel. There are however other methods of
transferring or applying a protein on the
membrane. The simplest is to apply it directly
as a small drop of a concentrated solution on

the membrane. The absorption of the drop
causes the adhesion of the protein to the
membrane, leaving it as a spot or “dot” (this
is the case of the “dot blot”). There are
devices that make possible the application of
proteins to membrane directly, using a suction
that facilitates the penetration of the solution,
and are named “dot blot” or “slot blot” on the
basis that the proteins were applied as a
circular drop or a line.

Working with proteins bound to a membrane
has advantages over employment within the
gel:

Staining and discolor are faster

No staining occurs
isoelectric focusing gels

to ampholytes in

Smaller amounts of proteins are detected as
they are concentrated at the surface and not
diluted across the thickness of the gel

The membranes are much easier to
manipulate than the gel itself

Blotting procedure
It consists of 5 stages:

Immobilization of proteins on the membrane
was either by transference (electrophoresis,
suction, pressure...) or by direct application.
The procedure starts piling a flat sponge on
filter paper soaked in transference buffer, the
gel, the membrane in direct contact with the
gel plus filter paper and finally a flat sponge.
This set is included between two layers of
perforated plastic and placed in a tank which
is a saline solution (transference buffer) and
two plate electrodes (designed to achieve a
uniform field across the surface of the gel).
They are disposed so that the gel is toward the
anode (-) and the membrane to the cathode

(+).
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Saturation of all binding sites of proteins in
the membrane not occupied to prevent
nonspecific binding of antibodies, which are
proteins.

Incubation with primary antibody against the
protein of interest.

Incubation with secondary antibodies, or
reactives acting as ligands of the primary
antibody bound to enzymes or other markers.
Enzyme coupled secondary antibodies: an
antibody to the specific binding antibody is
conjugated to the enzyme peroxidase or
alkaline phosphatase (Blake et al., 1984).

Another possibility is the use of an amplifying
enzyme which is part of a biotin-avidin-
peroxidase complex (Hsu et al., 1981) or a
complex with alkaline phospohatase.

Enhanced chemiluminescence (ECL) is other
commonly used method for protein detection
in western blots (Laing, 1986). ECL is based
on the emission of light during the horse
radish peroxides (HRP) - and hydrogen
peroxide-catalyzed oxidation of luminol. The
emitted light is captured on film or by a CCD
camera, for qualitative or semi- quantitative
analysis. This method allows stripping and re-
probing the blot with different antibodies.

Software and database search algorithms
to analyze spectral data

A variety of tools and commercially available
software exist that allow for protein
identification  from  peptide  sequences
determined by mass spectrometry.

Some examples of database search programs
and algorithms are:

SEQUEST - identifies collections of tandem
mass spectra to peptide sequences that have
been generated from databases of protein
sequences. It was one of the first, if not the

first, database search program. While very
successful in terms of sensitivity, it is quite
slow to process data and there are concerns
against specificity, especially if multiple
posttranslational modifications (PTMs) are
present (Jimmy et al., 1994).

Mascot - is a powerful search engine that uses
mass spectrometry data to identify proteins
from primary sequence databases
(www.matrixscience.com) (Perkins et al.,
1999).

Scaffold 3 — is a software which produces a
confidence level for protein identification
from one or more Mascot, Sequest, X!
Tandem, or Phenyx searches. It can be used in
conjunction with a MS/MS search engine in
order to validate/visualize data across
multiple experimental runs as well as provide
a more accurate protein probability

Purification of protein from Pseudomonas
and Proteus

The protein concentrations of the samples
recovered in the extraction and purification
procedures were estimated by the method of
Lowry (Lowry et al., 1951), with bovine
serum albumin as standard, and total
carbohydrates were determined by the phenol
— sulfuric acid procedure of Dubois (Dubois
et al., 1956), with glucose as standard.

The antibacterial substance from the active
bacteria supernatant was purified by
ammonium sulfate precipitation and High —
Performance Liquid Chromatography
(HPLC). First the purified substance was
obtained, and then solid ammonium sulfate
was added slowly to 85% and 50% saturation
at 4 °C with constant stirring (10,000 x g for
30 min at 4°C) and resuspended in HO.
These samples were then loaded onto Agilent
Zorbax 300 SB — C18 column for HPLC.
Elution was performed with 95%, 50%, 5%
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and 95% acetonitrile as the linear gradient
(flow rate: 0.5 mL/min). After elution, the

absorbance was monitored at 280 + 4 nm, and
the fractions were collected. These fractions
were tested for antibacterial activity against
the indicator strain using agar well diffusion
to find the fraction containing the active
molecule. At each step of the purification,
antibacterial activity was assayed against
Bacillus thuringiensis subsp. thompsoni
HD542, selected as the indicator bacteria by
agar well diffusion assay (Padilla et al., 1996;
Chanda et al., 2013; Khan et al., 2013). The
antibacterial  protein  was purified by
electroelution using a model 422 Electro —
Eluter Module (Bio — Rad). The protein band
with antibacterial activity was excised from
the gel and placed into a tube connected with
membrane caps (molecular mass cut — off 12
— 15 kDa). Electroelution was performed at
10 mA constant current per glass tube for 5 h
in elution, buffer (25 mM Tris base, 192 mM
glycine, 0.1% SDS). After elution, the
remaining liquid in the membrane cap was
collected. SDS - PAGE and in gel-
antibacterial assays were repeated as above to
determine the homogenicity and activity of
the antibacterial protein (Longeon et al.,
2004).

The concentrated protein was applied to gel
filtration which was carried out using the
column (2.5, 45.0 cm) pre - equilibrated with
50 mM phosphate buffer (p” — 7). 5ml of
concentrated enzyme was loaded to the top of
the column. The enzyme was eluted using 50
mM phosphate buffer pH 7 at a flow rate of
about 30 ml h * using a peristaltic pump
(Master — flex, Cole — Parmer) and fractions
of 5.0ml were collected. The enzyme activity
and protein in each fraction were analyzed
(Farag and Hassan, 2004).

The extraction of total cell protein content of
the strains studied was determined according
to (Pot et al., 1994) and separation of proteins

based on their molecular weight was achieved
through SDS — PAGE technique. The cultures
were used as an inoculum (1% v/v) in 10ml
NB, and incubated at 37°C for 24 hr. The

pellet washed two or three times with sodium
phosphate buffer containing 0.8 % NaCl. The
extracts were sonicated on ice during 45
seconds. After lysis, the sonicated extracts
were centrifuged at 5000xg for 10 min.
Protein extracts underwent SDS- PAGE on
vertical slab gels in an electrophoresis
apparatus. Electrophoresis was performed
using a power supply operated at a constant
current of 20 mA through the stacking gel and
30mA through the resolving gel. The proteins
were run on 10 % SDS — PAGE and gels were
stained with Coomassie blue R250.
Afterwards, the gels were distained until
protein  bands become clearly visible
(Laemmli, 1970).

Antibacterial protein activity

An overnight broth culture of sample was
centrifuged at 6000 rpm for 10 min at 4 °C.
To the cell free supernatant ammonium
sulphate was added to achieve 30%
saturation. It was stirred well and incubated at
4°C overnight. The following day, the
precipitates were collected by centrifugation
at 6000 rpm for 25 min at 4°C. The
precipitates were dissolved in 500ul of sterile
distilled water. Antibacterial activity of both
the supernatant and the precipitate were tested
using agar well diffusion assay (Jayammal
and Sivakumar, 2013).

Plant pathogenic bacterial strains were used in
both the agar- diffusion method and the agar —
spot assay to evaluate the antagonistic activity
of P. syringae subsp. ciccaronei and the
spectrum of antibacterial activity of the
bacteriocin. Growth of P, syringae subsp
perrsicae NCPPB2761 was inhibited by
colony and its culture filtrate with the zone of
inhibition 7 mm (Lavermicocca et al., 1999).
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Similarly, the culture filtrate of Pseudomonas
aeruginosa inhibited the growth of MRSA
with the zone of inhibition 12mm. The active
metabolites produced by Lactobacillus sp
NRRL B-227 exhibited various degrees of
activities against Staphylococcus aureus with
21 mm zone of inhibition (Atta et al., 2009).

Bacterial colonies were grown for 7 days.
Target cells were grown to stationary phase
and mixed with 0.6% VNSS agar plates at
45°C at a density of 0.4 ml of target culture

per 3ml of agar. Each 7 day culture plate was
overlaid with 3ml of this mixture and
incubated overnight (James et al., 1996).

Concentrated bacterial ~supernatant was
prepared as described above. An overnight
broth culture of the target strain was prepared,
and 100 ml of the culture was spread over the
surface of an agar plate of the growth medium
appropriate to that strain. Drops containing 20
pl of bacterial supernatant were placed on the
target plates, which were then incubated
overnight. Live cells could not be revived
from the inhibition zones formed in sensitive
strains when swabs were taken from this
region and reinoculated onto fresh agar. No
cells were recovered from the inhibition zones
of all assays taken as positive for
bacteriocidal activity. Relative sensitivities of
different strains to the bacteriocidal effect of
the protein were estimated with serial
dilutions (James et al., 1996).

Identification of antibacterial protein by
native gel electrophoresis

Samples with antibacterial activity were
suspended in sucrose — dye —solution (5%
sucrose, 0.01 % bromophenol blue) and
resolved by polyacrylamide gel
electrophoresis (PAGE) with an 8% gel. The
gels were washed for 20 min in distilled water
prior to being placed on VNSS agar plates,
after which stationary phase target cells were

spread over the gel surfaces (James et al.,
1996).

Sodium dodecyl sulfate- polyacrylamide gel

electrophoresis (SDS - PAGE) was
performed in vertical gels by standard
protocols using Tris — glycine buffer
(Laemmli, 1970). Duplicate samples of

purified antibacterial substance and molecular
mass markers were subjected to 15% SDS-
PAGE. Molecular weight markers for
peptides ranging from 10 to 225 kDa were
used as a molecular marker standard. After
electrophoresis, the gel was sliced vertically.
The first part, consisting of samples of
purified antibacterial substance and protein
standards, was stained with Coomassie
Brilliant blue R-250. The other part of the gel
was assayed for direct detection of
antibactertial substance activity according to
Cherif method (Cherif et al., 2001).

Antibacterial protein purification

The supernatant are high — density bacterial
suspension was prepared as described for use
in the drop test assay, after the ammonium
sulfate was added to a concentrated of
60%.The precipitated fraction was collected
by centrifugation (15,000 x g for 30 min),
resuspended in 20 mM Tris buffer (p™ 7.5),
and dialyzed against this buffer overnight.
The sample was passed through a 5- ml
Econo — pac Q anion — exchange cartridge
from which the bacteriocidal fraction was
eluted at between 0.1 and 0.2 M N aCl at p" -
7.5. The bacteriocidal fraction was identified
at each step by the drop test. All protein
assays are carried out with a bicinchoninic
acid protein assay kit (James et al., 1996).

The bacteriocidal fraction eluted from the ion
— exchange column was dialyzed overnight
against 0.001 M NaCl and passed through a 5-
ml Econo — pac hydroxyapatite cartridge
which was then washed with 1 M NaCl and
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0.01 M phosphate buffer prior to elution of
the protein with 0.4 M phosphate buffer. The
purified fraction was stored at 20°C after

freeze —drying (James et al., 1996).

The purified antimicrobial compound
displayed a single protein peak at 225nm in
the UV spectrum, and the infrared
spectroscopy showed two characteristic
absorption bands at 1,650 and 1,075 cm™,
which corresponded to peptide bonds and
polysaccharide residues, respectively. A wide
band indicative of the presence of polar
groups in the molecule appeared at 3,350 cm™
(Stewart, 1965).

Bioactive compounds

The medicinal value of plants lies in some
chemical substances that produce a definite
physiological action on the human body and
these chemical substances are called
phytochemicals. These phytochemicals were
used to cure the disease in herbal and
homeopathic medicines (Chitravadivu et al.,
2009). These are non-nutritive substances,
have protective or disease preventive property
(Ahmed and Urooj, 2009). There arises a need
and therefore to screen medicinal plants for
bioactive compounds as a basis for further
pharmacological studies. With advances in
phytochemical techniques, several active
principles of many medicinal plants have
been isolated and introduced as valuable drug
in modern systems of medicine. The most
important of these bioactive compounds are
alkaloids, flavonoids, tannins and phenolic
compounds (Purkayastha and Dahiya, 2012).
These are the important raw materials for
drug production (Tullanithi et al., 2010). Most
plants contain several compounds with
antimicrobial properties for protection against
aggressor agents, especially microorganisms
(Silva et al., 2010). Medicinal and aromatic
plants are used on a large scale in medicine
lack of success of treatment in infectious

diseases. Medicinal plants are the major
sources of new medicines and may constitute
an alternative to the usual drugs (Tepe et al.,
2004). Aromatic oils are used in many
industries, including food preservation,
pharmacy, and medicine (Elgayyar et al.,
2001; Singh et al., 2012). They are expected
to form new sources of antimicrobial drugs,
especially against bacteria (Nraskin et al.,
2002). The antibacterial effectiveness of
aromatic oils has been divided into a good,
medium, or bad (Bankole et al., 2007; Shan et
al., 2007). These oils can also produce some
defense products against several natural
enemies. In addition, and in order to continue
their natural growth and development,
aromatic oils may produce some secondary
metabolites in response to some external
stress (Prabuseenivasan et al., 2006). The
antibacterial activity of ethanol extracts was
determined by agar well diffusion method.
The plant extracts were more active against
gram-positive bacteria than against gram
negative bacteria among all the pathogens, all
gram - positive bacteria were inhibited by all
four plant extract. All gram - negative
bacteria i.e. Pseudomonas spp, Proteus spp,
Escherichia coli, Shigella dysenteriae,
Klebsiella pneumonia and Salmonella typhi
were showed zone of inhibition against
extract of Ocimum sanctum (Park et al.,
2003). In vitro microbicidal activity of the
methanol extract of Origanum marjorana was
tested against six bacteria (Bacillus subtilis,
B. megaterium, Escherichia coli, Proteus
vulgaris, Pseudomonas aeruginosa and
Staphylococcus aureus). The methanol extract
of O. marjorana can be used as an effective
herbal protectant against different pathogenic
bacteria (Joshi et al., 2009; Hameed et al.,
2015). The inhibitory activity was highly
significant in the aqueous extracts of Oxalis
corniculata. Most of the plant extracts
showed significant antibacterial activity than
bacitracin. MIC of aqueous extract of twelve
plants varied between 4-50 pl. Results
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indicated the potential of these plants for
further work on isolation and characterization
of the active principle responsible for
antibacterial activity and its exploitation as
whereas Oxalis Acacia nilotica varied
between 9 - 355 mm. Whereas Oxalis
corniculata was effective against all the tested
bacteria in case of Lawsonia inermis it varied
between 9 to except Shigella sonnei and
Proteus mirabilis (Leeja and Thoppil, 2007).
Effectiveness of organic extracts of Piper
nigrum fruit against pathogenic strains of

Escherichia coli (MTCC 723),
Staphylococcus  aureus  (MTSS  96),
Streptococcus pyogenes (MTSCC 442),

Proteus mirabilis (MTCC 1429) by tube
dilution method. The study revealed that 70%
alcoholic hot extract had higher antibacterial
activity as compared to chloroform hot and
petroleum ether cold extracts (Patil, 2007).
The aqueous extract was found to be
antibacterial and it was studied against
various gram positive and gram-negative
bacterial strains by using MIC, agar well
diffusion method to find zone of inhibition.
The MIC results of aqueous extract of
Plectranthus amboinicus indicated that
Proteus vulgaris, Bacillus subtilis and
Staphylococcus aureus were least susceptible
among the organisms tested and Escherichia
coli, Klebsiella pneumonia and Pseudomonas
aeruginosa are not shown any inhibition to
aqueous extract of Plectranthus amboinicus
(Kumar et al., 2008).

Protein subunit structure

The following treatments were carried out
upon samples of purified antibacterial protein
to determine whether it contains subunits. The
effects of treatments with [ —mercapto

ethanol and heat upon the subunit structure of
the protein were visualized by Sodium
Dodecyl Sulfate  Polyacrylamide  Gel
Electrophoresis (SDS — PAGE) (Laemmli,
1970).

The purified protein was dissolved in SDS-
PAGE treatment buffer (0.062M Tris- CI (P
-6.8) 4% SDS, 20% glycerol) and divided into
four samples. The first sample was exposed to
5% [ —mercaptoethanol, the second was

heated in a boiling water bath for 90 s and the
third was exposed to both treatments. The
fourth sample was left untreated as a control.
The antibacterial protein was detected within
these samples by SDS-PAGE on 8% 1.5-mm
polyacrylamide gels stained with Coomassie
brilliant blue (Bryers et al., 1982).

The N- terminal amino acid sequence of both
of the subunits of the antibacterial protein was
determined. The purified protein fraction was
treated with both 5% f —mercaptoethanol and

heat as described below and the bands were
resolved by SDS — PAGE on 8% 1.5 - mm
polyacrylamide gels an electroblotted to
problott polyvinylidene difluroride membrane
with a CAPS (3 — (cyclohexylamino) — 1 -
propanesulfonic acid) buffer system. The
blotted proteins were stained on the
membrane with amido black (James et al.,
1996).

Protein release during the growth curve of
bacterial cells

The release of antibacterial protein by
bacterial cells into its growth medium at
different stages of the growth curve was
determined as follows. One liter of VNSS
growth medium was inoculated with 10 ml of
precultured bacterial cells and incubated as a
shaking batch culture at 28 °C. Cell density
was measured throughout the growth curve.
Samples of growth medium were taken at 4.5,
6.5, 7.5, 8.5 and 25 hours and filter sterilized,
and the antibacterial protein from these
samples was concentrated onto an ion-
exchange column as described in the
purification protocol. The antibacterial protein
was detected within these samples by SDS —
PAGE on 8 % 1.5 — ml polyacrylamide gels

1362



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

stained with Coomassie brilliant blue (James
et al., 1996).

MBCs and minimum growth inhibitory
concentrations

The concentrations of antibacterial protein
necessary to result in cell death and to inhibit
the growth of a variety of marine bacterial
isolates in solution was determined as
follows. Purified protein in sterile VNSS was
added to the wells of a 96 — well plate at a
series of dilutions ranging from 0 to 800 x.
Bacterial cells were inoculated at time zero,
and the growth rates were measured by
absorbance. Cell viability was checked at 24
hours by streaking samples onto VNSS agar
plates (Egan et al., 1996).

The metals and antibiotics used in this study
are as follows: HgCl,, AgCl, CaCl,, ZnSQy,
ampicillin, kanamycin, chloramphenicol and
tetracycline. The ability of SPI and SPIM to
grow in media containing metals, except
HgCl, or antibiotics was tested by adding
these chemicals at the concentrations.

The growth of bacteria was monitored after
SPI was cultured at 28°C for 48 h. The
minimal inhibitory concentrations of metals
and antibiotics were defined as the lowest
concentrations that caused no visible bacterial
growth (Murtaza et al., 2002).

The potency of the marine organisms
Pseudomonas and Proteus to produce a
highly active protein has an antibacterial
activity. Purification and characterization of
the protein showed good stability of the
microbial compound preparation and its
relatively wide range of gel filtration and
SDS- PAGE method. This study revealed also
that the isolated protein has potent
antibacterial activity.

In conclusion, an antibacterial protein and
compounds from Pseudomonas and Proteus

showed inhibitory activity against the
bacterial pathogen Staphylococcus and
Bacillus. The antibacterial protein and the
compounds may have a synergistic
antibacterial effect in connection with
bioactive compounds.

References

Ahmed, F, Urooj, A, 2009. Glucose — lowering,
hepatoprotective and hypolipidemic activities
of stem bark of Ficus racemosa in
streptozotocin induced diabetic rats. J. Young,
Pharm.., 1 (2): 160 164

Athalye, M, Lacey, J, Goodfellow, M., 1981.
Selective Isolation and Enumeration of
Actinomycetes using Rifampicin. J, Appl,
Bacteriol., 51: 289 — 297.

Atta, H. M, Refat, B, M., 2009. Application of
Biotechnology for production, Purification
and charactertization of peptide antibiotic
produced by Probiotic species. J. Biotechnol.
Biochem. 4 (2): 115 — 125.

Bankole, M, A, Shittu, L, A, Ahmed, T, A, Bankole,
M, N, Shittu, R, K, Kpela, T, 2007.
Synergistic  antimicrobial  activities  of
phytoestrogens in crude extracts of two
sesame species against some common
pathogenic microorganisms. Afr J Tradit
Complement. Altern, Med., 4: 427 — 433.

Blake, M. S., Johnston, K. H., Russell — Jones, G. J.
and Gotschlich, E. G. 1984. A rapid sensitive
method for detection of alkaline phosphatase-
conjugated antibody on Western blots. Anal,
Biochem., 136: 175 — 179.

Bryers, J. D. and Characklis, W. G., 1982. Process
governing  primary biofilm  formation,
Biotechnol, Bioeng., 24: 2451 — 2476.

Bull, A. T, A, C., Ward. and Goodfellow, M., 2000.
Search and discovery strategies for
biotechnology: the paradigm shift. Microbiol.
Mol. Biol. Rev., 64: 573 — 606.

Burgess, J. G., Jordan, E. M., Bregy, M., Mearns —
Spragg A., Boyd, K. G., 1999. Microbial
antagonism; a neglected avenue of natural
products research, J. Biotechno., 70: 27 — 32.

Burkholder, P, R., Pfister, R, M. and Leitz, F. P.,
1966. Production of pyrrole antibiotic by a
marine bacterium, Appl. Microbiology., 14:
649 - 653.

Burnette, W. N., 1981. “Western Blotting™:
Electrophoretic transfer of proteins from

1363



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

sodium detection with antibody and
radioiodinated  protein  A.  Analytical
Biochemistry., 112: 195 - 203.

Carte, B. K., 1996. Biomedical potential of marine
natural products, Bioscience., 46: 271 — 286.

Cherif, A, Quzari, H, Daffonchio, D, Cherif, H, Ben
Slama, K, Hassen, A, Jaoua, S, Boudabous,
A., 2001. Thuricin 7: A novel bacteriocin
produced by Bacillus thuringiensis BMGL1. 7.,
a new strain isolated from soil. Lett. Appl.
Microbiol., 132: 243 - 247.

Chitravadivu, C, Manian, S, Kalaichelvi, K., 2009.
Antimicrobial studies on selected medical
plants, Erode region, Tamilnadu, India.
Middle — East, J. Sci Res., 4 (3): 147 - 152.

Cid, C, Alvarez — Cermefio, J, C, Camafeita, E,
Salinas, M and Alcézar, A., 2004. Antibodies
reactive to heat shock protein 90 induce
oligodendrocyte precursor cell death in
culture. Implications for demyelination in
multiple sclerosis. FASEBJ. 18: 409 - 411.

Cross, T., 1989. Growth and Examination of
Actinomycetes, Some Guidelines. In Bergey' s
Manual of Systematic Bacteriology. Williams
and Wilkins Company, Baltimore, 4: 2340 —
2343.

David, A, W. and Paul, J. H., 1989. Enumeration
and sizing of aquatic bacteria by use of a
silicon — intensitied target camera linked —
image analysis system. Microbiological
Methods. 9: 257 — 266.

Davis, B. J. 1964. Disc electrophoresis. Method and
application to human serum proteins. Ann,.
NY, Acad, Sci., 121: 404 - 427.

De Nys, R, Steinberg, P, D, P, Willesmsen, S, A,
Dworjanyam, C, L, Gabelish and King, R, J,
1995. Broad spectrum effects of secondary
metabolic from the red algae Delisea pulchra
in antifouling assays, Biofuling, 8: 259 — 271.

Demain, A, L., 1999. Pharmaceutically active
secondary metabolites of microorganisms.
Appl, Microbiol, Biotechnol., 52: 455 - 463.

Devi, A, Jeyarani, M, Balakrishnan,K, 2006.
Isolation and Identification of Marine
Actinomycetes and their Potential in
Antimicrobial Activity. Park. J. Biol.Sci.
9(3): 470 - 472.

Donia, M., Humann, M. T., 2003. Marine natural
products and their potential applications as
anti infective agents. Lancet, infect, dis., 3:
338 — 348.

Dubios, M., Gilles, K, 1956. Colorimetric method
for determination of sugars and realted

substance. Anal, Chem. 28: 350 - 356.

Durapandiyan, V, Sasi, A, H, Islam, V, |, H,
Valanarasu, M, Ignacimuthu, S, 2010
Antimicrobial properties of Actinomycetes
from the soil of Himalaya. J. Med. Mycol.,
20: 15 - 20.

Egan, S, Thomas, T, Holmstrom, C, Kjelleberg, S,
2000.  Phylogenetic  relationship  and
antifouling activity of bacterial epiphytes
from the marine alga Ulva lactuca. Environ.,
Microbiol., 2: 343 — 347.

Egan, S., James, S, Holmstron, C., 2001. Correlation
between pigmentation and antifouling
compounds produced by Pseudomonas
tunicate. Environ, Microbio,. 4; 433 — 442.

Elgayyar, M, Draughon, F, A, Golden, D, A, Mount,
J, R., 2001. Antimicrobial activity of essential
oils from plants against selected pathogenic
and saprophytic microorganisms. J, Food,
Prot., 64: 1019 - 1024.

Fenical, W., 1993. Chemical studies of marine
bacteria: developing a new resource, Chem,
Rev., 93: 1673 — 1683.

Fenical, W., 1997. New pharamaceuticals from
marine organisms, Trends, Biotechnol, 15:
339 - 341.

Gauthier, G, Gauthier, M, Christen, R, 1995.
Phylogenetic analysis of the genera
Alteromonas, Shewanella and Moritella using
genes coding for small — subunit rRNA
sequences and division of the genus
Alteromonas into two genera, Alteromonas
and Pseudomonas gen, nov, and proposal of
twelve new species combinations. Int, J, Syst
Bacteriol., 45: 755 - 761.

Goodfellow, M., Williams, S, T., 1983. Ecology of
Actinomycetes. Annu. Rev. Microbiol., 37:
189 - 216.

Haefner, B., 2003. Drugs from the deep marine
natural products as drug candidates, Drug,
discov, today. 8: 536 - 544.

Hameed, |, H, Abdulzahra, A, I, Jebor, M, A,
Kqueen, C, Y, Ommer, A, J, 2015.
Haplotypes and variable position detection in
the mitochondrial DNA coding region
encompassing nucleotide positions. 10: 716 -
184.

Hans Christian Gram, M, 1884. On the Gram stain
in letter to caral julis, salomones. ASM News.
47(2): 44 — 47.

Haque, S. K., Sen, S.K,, Pal, S.C., 1992. Screening
and identification of antibiotic producing
strains of Streptomyces. Hind. Antibiot. Bull.,

1364



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

4:76 - 83.

Hodgson, E, Levi, P, E., 1996. Pesticides: an
important but under used model for the
environmental health sciences. Environ,
Health, Perspect., 104: 97 — 106.

Holmstrom, C, James, S, Neilan, B, A, White, D, C,
Kjelleberg, S, 1998. Pseduoalteromonas
tunicate sp. nov, a bacterium that produces
antifouling agents. Int. J, Syst, Bacterio.,, 48:
1205 - 1212.

Holmstrom, C, Kjelleberg, S, 1999,
Pseduoalteromonas species are associated
with  higher organisms and produce
biologically active extracellular agents. FEMS
Microbiol, Ecol., 30: 285 — 293.

Hotta, Y, 1988. Membrane associated phospholipase
C of Drosophilla retina. J, Biochem, Tokyo.,
103 (1): 91— 94.

Hsu, D, M, Raine, L. and Fanger, H., 1981. Use of
avidin — biotin - peroxidase complex in
immunoperoxidase techniques. J, Histochem,
Cytochem., 29: 577 - 580.

Ivanova, E, P, Kiprianova, E, A, Mikhailov, V, V
and 8 other authors, 1998. Phenotypic
diversity of Pseudoalteromonas citera from
different marine habitats and emendation of
the description Int, J, Syst, Bacteriol., 48: 247
— 256.

Ivanova, E. P., Kiprianova, E, A, Mikhailov, V, V,
Levanova, G, F, Garagulya, A, D, Gorshkova,
N, M, Yumoto, N, Yoshikawa, S., 1996.
Characterization and identification of marine
Alteromonas  nigrifaciens  strains  and
emendation of the description. Int, J, Syst,
Bacteriol.,, 46: 223 — 228.

James, S, G., Holmstrom, C. and Kjelleberg, S.,
1996. Purification and characterization of a
novel antibacterial protein from the marine
bacterium D2. Appl. Environ. Microbiol., 62:
2783 — 2788.

Janda, J. M. and Abbott, S, L., 2002. Bacterial
identification for publication; when is
enough? Journal of Clinical Microbiology,
40: 1887 - 1891.

Jayammal, D. and Sivakumar, T., 2013.
Antibacterial activity of protein extract of
marine Pseudomonas aeruginosa against
bacterial pathogens. Int, J, Curr, Microbiol,
App,. Sci., 2 (7): 207 — 216.

Jeong, H, U, Mun, H, Y, Oh, H, K, Kim, S, B, Yang,
K, Y, Kim, I, Lee, H, B., 2010. Evaluation of
insecticidal activity of a bacterial strain,
Serratia sp. EML -SE1 against diamond back

moth. J. Microbiol., 48: 541 — 545.

Jones, E, B, G, 1995. Ultrastructure and taxanomy of
the aquatic ascomycetes order
Halosphaerials. Can. J. Bot. 73: 5790 — 5801.

Jones, E, B, G. and Ailas, S, A., 1997. Biodiversity
of mangrove fungi. In Biodiversity of tropical
microfungi (K, D. Hyde, ed), pp: 71 - 92.
Hong — Kong: Hong — Kong University Press.

Jones, E, B, G. and Jennings, D, H., 1964. The effect
of salinity on the growth of marine fungi in
comparision with non — marine species.
Trans, Br, Mycol, Soc., 47: 619 - 625.

Jones, E, B, G. and Mitchell, J, I, 1996. Biodiversity
of marine fungi. In Biodiversity: International
Biodiversity Seminar (A. Cimerman and N.
Gunde -Cimerman, eds), Chemistry and
Solvenia National Commision for UNESCO.,
pp: 31-42

Joshi, B, Lekhak, S, Sharma, A, 2009. Antibacterial
property of different medicinal plants:
Ocimum sanctum, Cinnamomum zeylanicum,
Xanthoxylum armatum and  Origanum
marjorana. Kathmandu university journal of
science, engineering and technology. 5 (1):
143 - 150.

Kekuda, T, R, P, Shobha, K, S, Onkarappa, R.,
2010. Fascinating diversity and potent
biological activities of  actinomycetes
metabolites. J, Pharm, Res., 3: 250 - 256.

Khanna, M, Solanki, R, Lal, R, 2011. Selective
isolation of rare actinomycetes producing
novel antimicrobial compounds. Int, J, Adv,
Biotechnol, Res., 2: 357 - 378.

Kimata, N, Nishino, T, Suzuki, S, and Kogure, K.,
2004. Pseudomonas aeruginosa isolated from
marine environment in Tokyo Bay. Microb.
Ecol., 47: 41 - 47.

Koehn, F, E, Carter, G, T, 2005. The evolving role
of natural products in drug discovery. Nat,
Rev, Drug, Discov, 4: 206 - 220.

Kohler, T., Pechere, J, C., Plesit, P., 1999. Bacterial
antibiotic  efflux systems of medical
importance. Cell, Mol, Life Science., 56: 771 -
778.

Kohlmeyer, J. and Kohlmeyer, E., 1979. Marine
Mycology; The Higher Fungi. London;
Academic Press.

Kohlmeyer, J. and Volkmann — Kohlmeyer, B. and
Eriksson, O, E., 1996. Fungi on Junces
roemerianus; 8 New Ascomycetes, Can, J,
Bot., 74: 1830 - 1840.

Kohlmeyer, J. and Volkmann — Kohlmeyer, B.,
1991. lllustrated key to the filamentous fungi.

1365



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

Bot, Mar., 34: 1 - 61.

Kumar, V, S, Ahmed, S, M, Badami, S, Anil, T, M.
and David, B, 2008. Antibacterial activity of
aqueous extract of Coleus amboinicus.
Pharmacology online.; 3: 224 - 226.

Lacey, J, 1973. Actinomycetales: Characteristics and
Practical Importance. Edited by G. Sykes and
F, Skinner. The Society for Applied
Bacteriology Symposium Series. Academic
Press London New York.

Lacey, J, 1997. Actinomycetes in compost. Ann,
Agric, Environ, Med., 4: 113 - 121.

Laemmli, U, K., 1970. Cleavage of structural protein

during the assembly of heat bacteriophage T,

Nature., 227; 680 -685.

P. 1986. Luminescent visualization of
antigens on blots. J, Immunol, Methods. 92:
161.

Lam, K, S, 2006. Discovery of novel metabolites
from marine actinomycetes. Curr, Opin,
Microbiol., 9: 245 - 251.

Lavermicocca, P., Lonigro, S. L, 1999. Isolation and
partial characterization of the antimicrobial
compound. J, Appl, Microbiolo. 86; 257 -
265.

Lechevalier, H, A, 1989. The Actinomycetes IIl, A
Practical Guide to Generic Identification of
Actinomycetes. Bergey' s Manual of
Systematic  Bacteriology. Williams and
Wilkins Company, Baltimore. 4: 2344 - 2347.

Leeja, L, Thoppil, J, E, 2007. Antimicrobial activity
of methanol extract of Origanum marjorana
L. (Sweet marjoram). Journal  of
Environmental Biology., 28 (1): 145 - 146.

Longeon, A, Peduzzi, J., Barthelemy, M., 2004.
Purification and partial identification of novel
antimicrobial protein from the marine
bacterium Pseudomonas strain X153. Mar.
Biotechnol (NY) 6: 633 -641.

Lowry, M, Robsebrough, V, J., Randall, R, J., 1951.
Protein measurement with the folin reagent. J,
Bio, Chem, 193: 265 — 275.

Matson, J. A., Claridge, C., Bush, J. A., Titers, J.,
Bradner, W. T., Terrence, W., 1989. Novel
antitumor antibiotic compounds produced by
Actinomadura melliaura. Taxonomy,
fulmentation, isolation and biological
properties. J, Antibiot, pp; 1547 - 1555.

Mebs, D., Weiler, 1., Heinke, H. F.., 1985. Bioactive
proteins from marine sponge; screening of
sponge  extracts for  hemagglutinating
hemolytic ichthyotoxic and lethal properties
and isolation and characterization of

Laing,

hemagglutinins. Toxicon. 23: 955 — 962.

Mena, K. D. and Gerba, C. P., 2009. Risk
assessment of Pseudomonas aaeruginosa in
water, Review of Environmental
contamination and Toxicology, 201: 71 - 115.

Murtaza, I, Dutt, A, Ali, A., 2002. Relation between
the persistence of mer operon sequences in
Escherichia coli and their resistance to
mercury. Curr Microbiol., 44: 178 - 183.

Muthuvel and Udayasoorian, C, 1999. Soil, Plant,
Water and agrochemical analysis, TamilNadu,
Agriculture University. Coimbatore, India.

Naine, J, Srinivasan, M, V, Devi, S, C, 2011. Novel
anticancer ~ compounds  from  marine
actinomycetes a review. J, Pharm, Res., 4:
1285 —1287.

Nakayama, K, 1981. Sources of Industrial
Microorganisms. In Biotech Ed. by H, J,
Rehm and G, Reed, V, C, H, Verlag,
Veinheim. 1: pp; 355 - 410.

Nermeen, A, E, Gehan, M, A, 2006. Antagonistic
effect of marine Nocardia brasiliensis against
the fish pathogen Vibrio damsel: Application
of Plackett — Burmann experiment design to
evaluate factors affecting the production of
the antibacterial agent. Int, J, Oceans,
Oceanogr., 1: 141 — 150.

O’hara, C, M, Brenner, F. W, Miller, J. M., 2000.
Classification, identification and clinical
significance of Proteus. Clin. Microbiol. Rev.
13 (4): 534 - 546.

Ohshima, T., Takada, H., Yoshimura, T., Esaki, N.,
Soda, K, 1991. Distribution, Purification and
Characterization of Thermostable
Phenyalanine Dehydrogenase from
Thermophillic actinomycetes. J. Bacteriol.,
173: 3943 — 3948.

Okami, Y, Hotta, K, 1988. Search and discovery of
new antibiotics: Goodfellow, M, Williams, S,
T, Mordaski, M, (Eds). Actinomycetes in
biotechnology. Academic Press, London,
United Kingdom. 33 - 67.

Ordentlich, A, Elad, Y, Chet, I, 1998. The role of
chitinase of Serratia marcescens in biocontrol
of Sclerotium rolfsii. Phytopathol., 78: 84 —
88.

Ornstein, L, 1964. Disc electrophoresis. Background
and theory. Ann, NY, Acad, Sc., 121: 321 -
349.

Osinga, R, Armstrong, E, Burgess, J, G, Hoffman, F,
2001. Sponge — microbe associations and
their importance for sponge bioprocess
engineering, Hydrobiologia, 461: 55 - 62.

1366



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

Park, K, M, You, J, S, Lee, H, Y, Baek, N, I,
Hwang, J, K, Kuwanon, G., 2003. An
antibacterial agent from the root bark of
Morus alba against oral pathogens. Journal of
Ethnopharmacology., 84 (2 — 3): 181 - 185.

Patil, M, K, 2007. Antibacterial efficacy of Piper
nigrum  fruit.  Journal of Veterinary
Pharmacology and Toxicology., 2 (1 — 2): 69
-71.

Patterson, G, M, L, Larsen L, W. and R. E. Moore,
1994. Bioactive natural products from blue -
green algae. J. Appl. Phycol., 6: 151 - 157.

Prabuseenivasan, S, Jayakumar, M, Ignacimuthu, S.,
2006. In vitro antibacterial activity of some
plant essential oils. BMC Complement Altern.
Med., 6: 39.

Procopio R, E, L, Silva, P, R, Martins, M, K,
Azevedon, J, R, Araviso J. M. 2012.
Antibiotics, produced by sterptomyces. The
Brazillian J. Infectious Diseases., 16 (5): 466
—471.

Projan, S, J, 2003. Infectious diseases in the
21% century: increasing threats, fewer new
treatments and a premium on
prevention. Curr. Opin. Pharmacol., 3: 457 -
458.

Projan, S, J. and P, J, Youngman, 2002.
Antimicrobials: new solutions badly needed.
Curr. Opin. Microbiol., 5: 463 - 465.

Proksch, P., Edrada, R. A., Ebel, R., 2002. Drugs
from the seas current status and microbiogical
implications, Appl. Microbiol. Biotechnol.,
59: 125 -134.

Provasoli, L. and Pintner, I, J., 1980. Bacteria induce
polymorphisim in an axenic laboratory strain
of Ulva lactuca. J. Phycol. 16; 196 - 201.

Purkayastha, S, Dahiya, P, 2012. Phytochemical
analysis and antibacterial efficacy of babchi
oil (Psoralea corylifolia) against multi - drug
resistant  clinical isolates. International
Conference on Bioscience, Biochemistry and
Bioinformatics. IPCBEE, 3(1): 64 — 68.

Raskin, I, Ribnicky, D, M, Komarnytsky, S, llic, N,
Poulev, A, Borisjuk, N, 2002. Plants and
human health in the twenty - first century.
Trends, Biotechnol., 20: 522 — 531.

Reichenbach, H., 2001. Myxobacteria, producers of
novel bioactive substances. J. Ind. Microbiol.
Biotechnol., 27: 149 - 156.

Rinehart, K, L., 2000. Antitumor compounds from
tunicates, Med, Res, Rev., 20: 1 - 27.

Schagger, H.. and von Jagow, G, 1987. Tricine -
sodium dodecyl sulfate-polyacrylamide gel

electrophoresis for the separation of proteins
in the range from 1 to 100 kDa. Anal.
Biochem., 166: 368 — 79.

Schupp, P, Eder, C, Proksch, P, Warry, V, V,
Scdneider, B, Herderich, M., Paul, V.V,
1999. Staurosporine derivatives from the
ascidi — can Eudisfoma toealensis and its
predatory flatworm Pseadceros sp. J. Nat.
Prod., 62: 959.

Schwartz, R, C, Hirsch, D, Sesin, J, Flor, M,
Chartrain,, R, Fromtling, G, Harris, M,
Salvatore, J, Liesch and K, Yudin, 1990.
Pharmaceuticals from cultured algae. J. Ind.
Microbiol., 5: 113 - 124.

Sezen, K, Demirbag, Z, 2006. Insecticidal effects of
some biological agents on Agelastica: Cherif,
G, Calderon, R. L., Craun, M. F., 2005.
Outbreaks associated with recreational water
in the United States, International Journal of
Environmental Health Research., 15: 243 -
262.

Shan, B, Cai, Y, Z, Brooks, J, D, Corke, H. 2007.
The in vitro antibacterial activity of dietary
spice and medicinal herb extracts. Int. J. Food
Microbiol., 117: 112 - 9.

Shapiro, A, L., Vinuela, E. and Maizel, J, V, 1967.
Molecular weight estimation of polypeptide
chains by electrophoresis in SDS -
polyacrylamide gels. Biochem. Biophys. Res.
Commun., 28: 815 - 820.

Shimkets, L. J., M. Dworkin, and H. Reichbach
(ed). 2004. The myxobacteria, 3rd ed. (release
3. 18). Springer — Verlag, New York, N. Y.

Shomura, T., Gomi, S., Ito, M., Yoshida, J., Tanaka,
E., Amono, S. 1987. Studies on new
antibiotics SF2415 I. taxonomy, fermentation,
isolation, physic - chemical properties and
biological activities. J. Antibiot., 11: 732 -
739.

Silva, N, C, C, Junior, A, F, 2010. Biological
properties of medicinal plants: a review of
their antimicrobial activity. J. Veno. Ani. Tox.
Inclu. Trop. Dis., 16 (3): 402 - 431.

Simidu, U, Kita — Tsukamoto, K, Yasumoto, T,
Yotsu, M, 1990. Taxonomy of four marine
bacterial strains that produce tetrodotoxin. Int.
J. Syst. Bacteriol., 40: 331 — 336.

Simon, M, 1987. Biomass and production of small
and large free - living and attached bacteria in
lake Constance. Limnol. Oceanogr., 32: 591 —
607.

Singh, D, Gupta, R, Saraf, S, A, 2012. Herbsare they
safe enough? an overview. Crit. Rev. Food.

1367



Int.J.Curr.Microbiol. App.Sci (2017) 6(12): 1349-1368

Sci. Nutr., 52: 876 - 898.

Soadoun, I, Gharaibeh, R, 2003. The Streptomycetes
flora of Badia region of Jordan and its
potential as a source of antibiotics active
against antibiotic — resistant bacteria. J. Arid.
Environ., 53: 365 — 371.

Sponga, F, Cavaletti, L, Lazzarini, A., Borghi, A,
Ciciliato, 1., Losi, D, Marinelli., 1999.
Biodiversity and potentials of marine —
derived microorganisms. J. Biotechnol., 70:
65 — 69.

Stanier, R, Y, Palleroni, N, J. and Doudoroff, M,
1966. The aerobic pseudomonads: a
taxonomic study. J. Gen. Microbiol., 43: 159
- 271.

Stewart, J. E., 1965. Far infrared spectroscopy,
Interpretive spectroscopy. S.K. Freeman, ed.
Reinhold, Publishing Crop. NewYork. 131 -
169.

Syed, G, Dastager, Jae - Chan Lee, Yoon - Jung, Ju,
Dong — Jin, Park and Chang — Jin, Kim, 2009.
Leifsonia kribbensis sp.nov., isolated from
soil. International J Systematic Evolutionary
Microbiol., 59: 18 - 21.

Tepe, B, Daferera, D, Sokmen, M, Polissiou, M,
Sokmen, A, 2004. In vitro antimicrobial and
antioxidant activities of the essential oils and
various extracts of Thymus. J. Agric. Food.
Chem., 52: 1132 - 1137.

Tullanithi, K, M, Sharmila, B, Gnanendra, T, S.
2010. Preliminary phytochemical analysis and
antimicrobial activity of Achyranthes aspera
Linn. Int. J. BioTech., 1 (3): 35 - 38.

Valli, S, Suvathi, S, S, Aysha, O, S, Nirmala,
PVinoth, K, P, Reena, A, 2012
Antimicrobial potential of actinomycetes
species isolated from marine environment.
Asian, Pac, J. Trop. Biomed. 2 (6): 469 —473.

Velammal, A., Aiyamperumal, B. Venugopalan, V.
K., Ajmalkhan, S., 1994. Distribution of
Pseudomonas aeruginosa in Pondicherry
coastal environs, Indian, J. Mar. Sci. 23: 239

- 241

Vijayakumar, R, Muthukumar, C, Thajuddin, N,
Pannerselvam, A, Saravanamuthu R, 2007.
Studies on the diversity of actinomycetes in
the Palk Strait region of Bay of Bengal, India.
Actinomycetologica. 21: 59 — 65.

Wadetwar, R, N, 2013. Isolation and
characterization of bioactive actinomycetes
from soil in and around Nagpur. International
Journal of Pharamaceutical Sciences and
Research., 4: 1428 - 1433.

Waksman, S, A, 1961. The Actinomycetes,
Classification, Identification and Description
of Genera and Species. Baltimore: The
Williams and Wilkins Company. 2: pp; 61 -
292.

Walls, D, W, Rubin, S, Chen, M, 1993. Limits of
Instruction - Level Parallelism. In
Proceedings of ASPLOS - 1V, pp; 176 - 188,
Santa Clara, California. ACM.

Watve, M, G, R, Tickoo, M, M, Jog and B, D,
Bhole, 2001. How many antibiotics are
produced by the genus Streptomycetes. Arch,
Microbiol., 176: 386 — 390.

Yoshikawa, K, Takadera, T, Adachi, K, Nishijima,
M and Sano, H, 1997. Korormicin, a novel
antibiotic specifically active against marine
Gram — negative bacteria, produced by a
marine bacterium. J. Antibiot., 50: 949 — 953.

Yoshpe - Purer, Y. and Golderman, S., 1987.
Occurance of Staphylococcus aureus and
Pseudomonas aeruginosa in Israeli coastal
water. Appl. Environ. Microbiol., 53; 1138 -
1141.

Zitouni, A, Boudjella, H, Lamari, C, Badjii, B,
Mathieu, N, Lebrih, A and Sabaou, N, 2008.
Nocardiopsis and Saccharithrix genera in
sahara soils in Algeria isolation, biological
activities and partial characterization of
antibiotics. Research in Microbiology, 156:
984 - 993.

How to cite this article:

Eshwari, N.T. and Kannahi, M. 2017. Pseudomonas and Proteus: Partial Purification and
Characterization of Antibacterial Protein: A Review. Int.J.Curr.Microbiol.App.Sci. 6(12):
1349-1368. doi: https://doi.org/10.20546/ijcmas.2017.612.152

1368



https://doi.org/10.20546/ijcmas.2017.612.152

