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Abstract: The present study was attempted for bioprospecting of pigmented marine Pseudoalteromonas species with
special reference to enzymes. Totally 36 pigmented bacterial colonies were isolated from sediment and water samples
collected from Pichavaram, Parangipettai and Muttukadu coastal areas and characterized. Based on the studied
phenotypic characteristics 10 isolates were identified as Pseudoalteromonas species. All the isolates were screened for
enzymatic activities such as lipase, protease, amylase, cellulase, agarase, L-asparaginase and L-glutaminase. Most of the
isolates showed protease (7), amylase (7) and agarase (7) activity. Protease and agarase from the active isolates were
produced using submerged fermentation and its activity was semi quantitatively assayed at different time period. Effect
of critical medium components on protease and agarase production from two potential strains S2B17 and S6B1 was
tested by adopting one factor at a time method. Almost all the tested variables, except pH 10, influenced protease
production by the strain S2B17. Agarase production from strain S6B1 was influenced by glucose, casein, 0.4% agar and
pH 10. Dialysate of protease and agarase showed 25 mm and 19 mm zone of clearance in semi quantitative assay. The
present study evidenced that the existence of enzyme producing pigmented Pseudoalteromonas species in Indian oceans
and this report is an inventory for bioprospecting of marine Pseudoalteromonas.
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associated with the secretion of

Introduction

The genus marine Pseudoalteromonas is a
Gram negative rod shaped bacteria, motile with
sheathed polar and unsheathed for lateral flagella;
catalase and oxidase positive and possess a strictly
aerobic and chemoheterotrophic metabolism. All
members of this genus require Nat+ ions. One
interesting feature of Pseudoalteromonas is that the
genus can be divided cleanly in to pigmented species
and non pigmented'.

Analysis of some pigmented isolates lead to
the general conclusion that pigmented
Pseudoalteromonas species possess a broad range of

bioactivity
extracellular compounds, several of which include
pigment compounds®. This realization provided greater
evidence to earlier studies of Alteromonas that this
group of marine bacteria represent a rich source of
biologically active substances. Non pigmented species
of Pseudoalteromonas do not appear to share the same
extensiveness of bioactive compound synthesis. With
in the limits of existing knowledge non-pigmented
species tend to possess unusual and diverse enzymatic
activities (carrageenases, chitinases, alginases, and
cold active enzymes) with broader environmental
tolerance ranges (temperature, water activity and pH)
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and substantially greater nutritional versatility
compared to the pigmented species’. Protease is one
among the various microbial enzymes which has
greater applications in the detergents, food,
pharmaceuticals, chemical and leather industries®.
Most of the commercially available proteases are
produced from the genus Bacillus. A survey of
literature showed that extracellular proteases were
largely responsible providing nutrients to the bacteria.
Agarases are the enzymes which -catalyze the
hydrolysis of agar. They are classified into a-agarase
(E.C. 3.2.1.158) and p-agarase (E.C. 3.2.1.81)
according to the cleavage pattern. Several agarases
have been isolated from different genera of bacteria
found in seawater and marine sediments, as well as
engineered microorganisms. Agarases have wide
applications in food industry, cosmetics, and medical
fields because they produce oligosaccharides with
remarkable activities’.

Optimization of medium components is the
pre-requisite for the better production of microbial
enzymes. One factor at a time is a classical, simple
method to study the effect of individual medium
components on enzymes production. This is very
useful to select the critical medium components for
further statistical based optimization such as response
surface methodology. With this view, the present study
was attempted for bioprospecting of pigmented
Pseudoalteromonas species with special reference to
their enzymatic potentials.

Experimental

Sediment and sea water samples were
collected from Pichavaram, Parangipettai and
Muttukadu coastal area during the year 2008- 2009
using sterile plastic bottles and polythene covers,
respectively and transported immediately to laboratory
for further processing. About 1ml of seawater sample
was serially diluted up to 10° dilution using sterile
distilled water blanks. About 0.Iml of aliquot from
10°, 10° and 10’ dilution was plated on Zobell marine
agar medium 2216 and nutrient agar plates
supplemented with filter sterilized nystatin (20 pg/ml).
Plating was done in triplicate and all the plates are
incubated at 28°C for 48-72 hours. The same
procedure was adopted for the isolation of marine
bacteria from sediment samples’. Morphologically
different pigmented bacterial colonies were selected
from isolation plates and purified using nutrient agar
prepared in  natural  seawater. Phenotypic
characteristics such as Gram’s staining, motility,
cultural characteristics, catalase, oxidase and IMViC
test of all the marine bacterial isolates were studied by
adopting standard procedures. The characteristics
studied include antibiotic susceptibility pattern of
selected marine bacterial isolates using gentamicin and
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polymixin were tested by adopting Kirby-Bauer disc
diffusion method’. Effect of sodium chloride on
growth was tested using nutrient agar medium
supplemented with different concentration of sodium
chloride (0, 1, 2.5, 5, 7.5 and 10%). All the plates were
incubated at 28°C for 5 days®. All the tests were
performed by adopting standard procedures.

All the marine bacterial isolates were screened
for enzymatic activities such as lipase, amylase,
protease, cellulase, agarase, asparaginase and
glutaminase by plate method using Tween 80 agar,
starch agar, skim milk agar, congo red agar, czapek
Dox agar, asparagine agar and glutamine agar,
respectively. Marine bacterial isolates were spot
inoculated on all the enzyme screening medium and
incubated at 28°C for 3-5 days®.

Based on the results of preliminary screening,
protease enzyme was produced from the active isolates
by submerged fermentation using casein broth. About
10% of inoculum (18 hours old) was transferred in to
casein broth and kept at 28°C in rotary shaker with 120
rpm for 96 hours. For every 24 hour, about 2 ml of
production medium was collected and separated by
centrifugation at 10,000 rpm for 10 minutes. The clear
supernatant was collected in sterile vials and used as
crude protease enzyme.

For semi quantitative assay by agar well
diffusion method’, about 50 pl of crude enzyme was
loaded on 5 mm diameter well on the skim milk agar
plates and incubated at 28°C for 24 hours. The zone of
clearance around the well was measured as diameter in
millimeter. The size of zone of clearance is directly
proportional to the quantity of crude enzyme present in
the culture supernatant'’.

Production of agarase enzyme from active
isolates was carried out by submerged fermentation
using agarose broth. About 10% of inoculum (18 hours
old) was transferred in to agarose broth and kept at
28°C rotary shaker with 120 rpm for 96 hours. For
every 24 hours, about 2 ml of production medium was
collected and separated by centrifugation at 10,000
rpm for 10 minutes. The clear supernatant was
collected in sterile vials and used as crude agarase
enzyme.

For semi quantitative assay by agar well
diffusion method, about 50 pl of crude enzyme was
loaded on 5 mm diameter well on the agar plates and
incubated at 28°C for 24 hours. The zone of clearance
around the well was measured as diameter in
millimeter.

Based on the results of semi quantitative
assay, one potential strain was selected to study the
effect of critical medium components on protease
production by one-factor-at-a-time method''. Basal
medium used for this study consists of soybean meal
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(1%), dipottassium hydrogen phosphate (0.02%),
magnesium sulphate (0.05%), peptone (1%)"°.

Basal medium was prepared and supplemented
with different variables in respective concentration
(table 4). About 10% of bacterial inoculum was
transferred in to all the media and incubated in rotary
shaker at 28°C with 120 rpm for 48 hours. After
fermentation, culture medium was separated by
centrifugation and the culture supernatant was semi
quantitatively assayed for protease activity by agar
well diffusion method as described earlier.

Based on the results of semi quantitative
assay, one potential marine bacterial strain was
selected to study the effect of critical medium
components on agarase production by one-factor-at-a-
time method. Basal medium used for this study
consists of agarose (0.3%), potassium chloride
(0.74%)), diammonium  hydrogen  phosphate
(0.0013%), sodium chloride (1.75%)'%. Effect of
various factors on agarase production was studied by
the method as described for protease.

Finely powdered ammonium sulphate was
slowly added into enzyme preparation so as to reach
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40% saturation. The whole content was stirred at 4 °C
with a magnetic stirrer. The precipitated protein was
removed by centrifugation at 10,000 rpm for 20
minutes at 4 °C. Fresh ammonium sulphate was added
to the supernatant to increase the concentration to 60
%. The obtained precipitate was resuspended in a
minimal volume of 0.01M phosphate buffer, pH 7.5.
Precipitated protein was removed by centrifugation as
described earlier. Once again the fresh ammonium
sulphate was added to the supernatant to increase the
concentration to 80%. The obtained precipitate was
resuspended in a minimal volume of 0.01M phosphate
buffer (pH 7.5). The precipitate obtained after
ammonium sulphate precipitation was dialysed against
0.01 M phosphate buffer, pH 7.5, for 24 hours at 4 °C
with continuous stirring. The buffer was changed
occasionally. Finally the protease activity of dialysate
was semi quantitatively assayed by the method
described earlier. The same procedure was adopted for
partial purification of agarase from potential
Pseudoalteromonas species. Activity of partially
purified protease and agarase was semi quantitatively
assayed.

Table-1. Characteristics of pigmented marine Pseudoalteromonas species isolated from marine samples

Strain | Colony Microscopic Biochemical tests Salt tolerance % Antibiotic
No color susceptibility
Gram | Motility | C{O|I | MR | VP |C |0 |1 (255 |75|10| G P
stain
S1B1 Pale yellow | G rods + N S IR R el el B + -
S2B2 Pale red G rods + R S I st s e e + -
S2B17 | Pale yellow | G rods + T I S A el e e i A e + +
S3B1 Reddish G’ rods + + + - - - - -t + + + + + -
orange
S3B4 Yellow G rods + N S I st s e e - -
S4B6 Orange G rods + -] - e e e s + +
S5B9 Yellowish | G rods + s - e B B i A e + -
orange
S6B1 Red G rods + e |- - e B B i A e + +
fluorescent
S6B2 Yellowish | G rods + s - S IR el el B + +
orange
S6B5 Orange G rods + -] - S M A e R e + +

+ - Positive; - - Negative

C-Catalase; O-Oxidase; I-Indole; MR-Methyl red; VP-Vogus prousaker; C-Citrate; G-Gentamicin; P-Polymixin B
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Table 2. Semi quantitative assay of protease

roduced from marine bacteria

Strain Incubation period (hours)
No. 724 T 48 72 96
SIB1 6 8 13 13
S2B17 7 13 12 12
S3B1 - - - -
S3B4 10 11 - -
S4B6 - - 10 12
S6B9 - - - -
S6B2 - - - -

S6BS5 10 13

- - No activity

*Zone of clearance measured as millimetre in diameter
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Table 3. Semi quantitative assay of agarase

roduced from marine bacteria

Strain Incubation period (days)
No. 7 8 9
S1B1 12 12 12
S2B2 - - -
S2B17 - - -
S3B1 12 12 12
S3B4 10 12 12
S4B6 10 12 12
S5B9 13 13 13
S6B1 15 15 15
S6B2 12 12 12
S6BS5 12 12 14

- - No activity

Table 4. Effect of critical medium components on protease and agarase
production from marine Pseudoalteromonas species

Semi quantitative assay
(zone of clearance in millimetre in diameter)
Factors Protease Agarase
(S2B17) (S6B1)
Carbon source
Glucose 14 18
Fructose 13 13
Sucrose 15 13
Lactose 14 10
Glycerol 12 7
Nitrogen source
Peptone 14 13
Malt extract 15 10
Beef extract 12 16
Yeast extract 16 16
Casein 15 18
Agar concentration (%)
0.1 NT 10
0.2 NT 12
0.3 NT 14
0.4 NT 16
0.5 NT 12
pH
4 15 15
5.5 14 10
7 14 14
8.5 16 15
10 - 18

- - No activity ; NT — Not Tested

*Zone of clearance measured in millimetre in diameter
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Results and Discussion

Totally 44 bacterial isolates were isolated from
the marine samples. Among the 44 isolates, 36 were
pigmented strains and 8 were non-pigmented. All the
pigmented strains were selected for characterization
and identification. Based on Gram’s reaction, among
the 36 strains, 17 strains were identified as gram
negative rods in which 11 isolates showed positive
results for motility. Out of 11 isolates 10 isolates were
both catalase and oxidase positive. In salt tolerance
studies, all the isolates showed growth at 1% to 10 %
NaCl concentration. None of the isolates showed
growth in the absence of sodium chloride. Except the
strain S3B4 all the isolates are sensitive to gentamicin.
Strains S2B17, S4B6, S6B1, S6B2 and S6B5 were
found to be polymixin B sensitive (Table 1). Based on
the results of studied phenotypic characteristics, all the
10  isolates were tentatively identified as
Pseudoalteromonas sp. Diversity and antimicrobial
activity of pigmented Pseudoalteromonas species were
well documented from various marine samples and
marine organisms. But reports on enzymes from
pigmented Pseudoalteromonas species is scanty'. For
the various enzymes screened, most of the isolates
showed amylase (7), protease (7), agarase (7) and
cellulase (7) activity. None of the isolates showed
lipase, asparaginase and glutaminase. Pigmented
Pseudoalteromonas sp. possesses broad range of
bioactive compounds with the secretion of extra
cellular compounds than non pigmented species.
Within the limits of existing knowledge, non-
pigmented species tend to possess unusual and diverse
enzymatic activities than pigmented species". But the

present  study  reported  pigmented  marine
Pseudoalteromonas species with special reference to
enzymes.

Of the 10 isolates tested, about 5 isolates
namely S1B1, S2B17, S3B4, S4B6 and S6BS5 showed
protease activity in semi quantitative assay in which,
except S4B6, all other four isolates showed protease
production with in 24 hours of production period
(Table 2). In particular, strain S2B17 produced
maximum enzymatic activity in 48 hours of
incubation, which produced 13 mm zone of clearance
in semi quantitative assay. Vazquez et al.,'" reported
extracellular  protease from  Antarctic marine
Pseudoalteromonas species P96-47 strain.

Totally 8 marine bacterial isolates, except
S2B2 and S2B17, showed agarase activity in semi
quantitative assay. All the isolates showed protease
production on seventh day of production period. In
particular strain S6B1 showed maximum agarase
activity in 7 days of incubation which produced 15 mm
zone of clearance (Table 3). Previously Vera et al.,"
reported agarolytic Pseudoalteromonas species from
algae. In most of the studies potential strains were
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selected based on enzymatic activity while inoculating
the strains on agar media supplemented with respective
substrate''. In this method, the quantity of inoculums
may vary from one strain to another. To overcome this
screening problem, agar plate based semi quantitative
assay was adopted in this study. The enzyme from
active strains was produced under same conditions and
known quantity of crude enzyme was added in to well
with known size made on screening agar plate. The
semi quantitative method adopted in this study is a
simple, time saving, sensitive, and reliable method for
the detection of enzymatic activity and selection of
potential strain before performing quantitative assay.
Strains S2B17, S6B1 which showed maximum
protease and agarase activity, respectively in short
incubation period, was selected as potential strains for
further investigations.

Of the various factors tested, except pH 10,
almost all the factors and variables influenced protease
production. At the end of fermentation in all the
medium pH was decreased to 4. Of the various factors
tested maximum agarase production was observed on
medium supplemented with glucose (carbon source),
casein (Nitrogen source), 0.4% agar concentration and
pH 10. At the end of fermentation in all the medium
pH was decreased to 4 (Table 4).

Effect of medium components on enzyme
production from marine bacteria was reported
previously'>'®. A single culture media and culture
conditions are not kind enough to produce same
enzymes from different bacterial species and even
strains. The optimization of the medium by the
conventional research technique involves classical one
factor at a time method involves changing one
independent variable (such as carbon source, nitrogen
source, etc) while fixing other at constant levels. In the
present study, effect of culture conditions on protease,
and agarase production was studied by adopting
classical one factor at a time method of the various
culture  conditions tested.  Further statistical
optimization was needed to determine the interaction
of medium components on protease and agarase
production. Partial purification of protease, and
agarase from potential strains were carried out by
ammonium sulphate precipitation and dialysis.
Dialysate of protease and agarase showed 25 mm and
19 mm zone of clearance in semi quantitative assay.
Further purification of these enzymes by PAGE and

Column chromatography was needed for its
characterization.
Among the various enzymes, microbial

proteases found to have wide range of applications
particularly in detergent industries. Agarase enzyme
has its application in food, cosmetic industries and also
in molecular biological research. Strain S2B17 and
S6B1 reported in this study will be a potential source
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for protease and agarase, respectively. In addition,
both potential strains were recovered from sediment
samples of Muttukadu coastal area a less explored
ecosystem for microorganisms when compared to
Pichavaram and Parangipettai coastal area. The study
also suggested to extensively investigating Muttukadu
coastal area for microbial bioprospecting. Both the
Pseudoalteromonas species will be a potential source
for protease and agarase enzyme, respectively. The
present study evidenced that the existence of
pigmented Pseudoalteromonas species in Indian
oceans and this report is an inventory for

References

1. Egan S., Holmstrom C., Kjelleberg S. Correlation
between pigmentation and antifouling compounds
produced by  Pseudoalteromonas  tunicate,
Environmental Microbiology, 2000, 4, 433-442.

2. Holmstrom  C,, Kjelleberg S. Marine
Pseudoalteromonas species are associated with
higher organisms and produce active extracellular
agents, FEMS Microbial Ecology, 1999, 30, 285-
293.

3. Bowman J.P., McMeekin T.A. Bergeys Manual of
Bacteriology 2™ edition; Brenner DJ, Krieg NR,
Staley JT, Garrity GM, Eds. Springer, New York.
2005 volume 2 pp: 467-478.

4. Rai S.K., Mukherjee A.K. Ecological significance
and some biotechnological application of an
organic solvent stable alkaline serine protease from

Bacillus  subtilis strain DM-04, Bioresource
Technology, 2009, 100, 2642-2645.

5. Fu X.T., Kim S.M. Agarase: Review of Major
Sources, Categories, Purification Method, Enzyme
Characteristics and Applications, Marine Drugs,
2010, 8, 200-218.

6. Ramanenko L.A., Zhukova N.V., Lysenko A.M.,
Mikhailov V.V., Srackebranelt E. Assignment of
Alteromonas marinoglutinose NCIMB 1770 to
Pseudoalteromonas marubiglutinosa sp. nov., nom.
rev., comb. nov., International Journal of
Systematic and Evolutionary Microbiology, 2003,
53, 1105-9.

7. Bauer A.W., Kirby W.M., Sherris J.C., Turck M.
Antibiotic susceptibility testing by standard single
disc method, American Journal of Clinical
Pathology, 1966, 45, 493-496.

8. Mudryk Z.J., Odgorska B.P. Enzymatic activity of
bacteria strains isolated from marine beach
sediment, Polish Journal of Environmental
Sciences, 2006, 15, 441-448.

9. Aftab S., Ahmad S., Saeed S., Razool S.A.
Screening, isolation and characterization of alkaline

619

bioprospecting of marine Pseudoalteromonas from our
country.

Acknowledgement

The authors sincerely thank Prof. K. R.
Venkatesan, Principal, Sri Sankara Arts & Science
College for his encouragement and also thank
Management authorities for providing the research
facilities. One of the author (Dr.RB) thank the Vice
Chancellor and the Registrar of Periyar University,
Salem, for their encouragement.

protease producing bacteria from soil, Pakistan
Journal of Biological Sciences, 2006, 9, 2122-2126.

10.Vazquez S.C., Hernandez E., Cormack W.P.M.
Extracellular proteases from the Antarctic marine
Pseudoalteromonas sp. P96-47 strain, Revista
Argentina de Microbiologia, 2008, 40, 63-71.

11.Sharmin S., Hussain T., Anwar M.N. Isolation and
characterization of a protease producing bacteria
Bacillus amovivorus and optimization of some
factors of culture conditions for protease
production, Journal of Biological Sciences, 2005, 5,
358-362.

12.Chiura H.X., Tuskamoto K.K. Purification and
characterization of a novel agarase secreted by a
marine bacterium, Pseudoalteromonas sp. Strain
CKT. Microbes and Environments, 2000, 1, 11-22.

13.Bowman J.P. Bioactive compound synthetic
capacity and ecological significance of marine
bacterial genus Pseudoalteromonas, Marine Drugs,
2007, 5, 220-241.

14.Vera A., Alvarez R., Murano E., Slebe J.C., Leon
O. Identification of a marine Pseudoalteromonas
isoalte and characterization of its extracellular

agarase, Applied Environmental Microbiology,
1998, 64, 4378-4383.

15.Leon O., Quintana L., Peruzzo G., Slebe J.C.
Purification and properties of an Extracellular
agarase from Alteromonas sp. strain C-1. Applied
and Environmental Microbiology, 1992, 58, 4060-
4062.

16.Lakshmikanth M., Manohar S., Patnakar ],
Vaishampayan P., Shouche S., Lalitha .
Optimization of culture conditions for the
production of extracellular agarases from newly
isolated Pseudomonas aeruginosa AG LSL-11,
World Journal of Microbiology and Biotechnology,
2006, 22, 531-537.

skeskoskoskok



