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ABSTRACT
Fluorescent Pseudomonads isolated from oil spilled soil were studied for the degradation of
the oil (Castrol 2T) sample by growing in Bushnell Hass medium. The hydrocarbon degradation
was measured calorimetrically, in the basal media based on the turbidity. Increased turbidity
in the oil degraded basal media documents that, hydrocarbon acts as sole carbon source, in
the natural environment for the bacterial culture. The degraded oil sample was collected
through centrifugation and was utilized for studying its efficiency in Phaseolus aureus seeds
germination. Good growth of the shoot, root and leaves wer observed in the sterile distilled
water germinated seeds. Similarly the germinated seeds with degraded oil sample also showed
good growth when compared with the oil-germinated seeds. The thin layer chromatographic
technique differentiates the specific components of antifungal metabolites representing their
Rf values. The antifungal metabolites isolated by using centrifugation technique show the Rf
value of about 0.34. Antagonistic potential of these metabolites were demonstrated as a
bioremediative study by using two methods like agar diffusion method and spot inoculation
method, In both methods, the growths of phytopathogens like Fusarium sp., Aspergillus sp.,
and Penicillium sp. were suppressed. The zone of inhibition around the well containing
metabolites indicates the antagonistic potential properties. The present study thus documented
the ability of isolated Pseudomonas fluorescent to utilize crude oil in liquid media and to
compete with indigenous soil microorganisms, enhance crude oil degradation, and reduces its
phytotoxicity.

Introduction

Biodegradation is a natural process by which
microbe alters or break down petroleum hydrocarbons
into other substances. The resulting product can be
carbon dioxide, water and partially oxidized
biologically inert by-products (Brag et.al., 1992). The
rates of degradation depend upon the concentration
of such microbes and upon the environmental
characteristics of an oil contaminated ecosystem (Ray
Gordon, 1994) Bacteria that consume petroleum are
known as “Hydrocarbon Oxidizers” because they
oxidize compounds to bring about degradation. Among
the biodegrading bacteria Pseudomonas sp have been
found to be the most versatile because of the vast
array of their plasmid and chromosomal encoded
metabolic genes capable of degrading a variety of
chloro-aliphatic and aromatic (Chakrabarthy, 1972).
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Bioremediation is the optimization of
biodegradation. This acceleration can be accomplished
by two forms of technology, Fertilizing (adding
nutrients) Seeding (adding microbes)

These additions are necessary to overcome
certain environmental factors that may limit or
prevent biodegradation (Ray Gordon, 1994).
Applications of bioremediation fall into two broad
categories;

In situ: Bioremediation treats the contaminated
soil or ground water.

Ex situ: Bioremediation process requires
re-excavation of contaminated soil or pumping of
ground water before they can be treated (Alexander,
1981). The growth of petroleum industries especially
increasing  especially increasing number of oil wells
has made oil pollution a serious problem. The
biodegradation process alone reduces crude oil spills
by 30%. It is found that crude oil spills influences on
germinations of primary growth features in certain
commercial plants like Phaseolus aureus (green
gram), Phaseolus mungo (black gram) (Naidu, 2002).
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Antifungal activity of Pseudomonas sp against
phytopathogen

Pseudomonas sp that can colonise the roots of
crop plants and produce antifungal metabolites
represent a real alternative to the application of
chemical fungicides. This approach is facilitating the
development of novel strains with modified traits for
enhanced biocontrol efficacy (Ultan et.al., 2001). They
could serve as promising bio inoculant for agricultural
system to the productivity since the action of such
bacteria is highly specific, eco-friendly and cost
effective (Dwivedi, 2003). Plant diseases caused
primarily by fungal and bacterial Pathogens, cause
severe losses to agricultural and horticultural crops
every year. These losses result in reduced food
supplies, poor-quality agricultural products, economic
hardships for growers and processes, and ultimately
results in high cost. Traditional chemical control
methods are not always economical or effective for
many diseases, and some chemical controls may have
unwanted health, safety and environmental risks.
Biological control involves the use of beneficial
microorganisms, such as specialized fungi and
bacteria to attact and control plant pathogens and
the disease they cause (Rovera et.al., 2002).

Bioremediation of crude oil contamination
(Hanson et.al., 1997)

Based on the process of bioremediation and
bioaugmentation of hydrocarbon, and according to
Hanson et.al., 1997, Acinetobacter sp. A3 is able to
extensively degrade Bombay High Crude Oil (BHCO)
and utilize it as the sole source of carbon. A total
degradation of 70% BHCO was noted by the end of
120th of growth of Acinetobacter sp. A3 under shake
flask condition, 60% of which was due to
biodegradation. In crude oil contaminated soil (5%)
amended with Acinetobacter sp. A3, there was both
an increase in colony forming unit (CFU) and crude
oil degradation. This is in contrast to a decrease in
(CFU) of the indigenous microorganisms and lower
degradation oil in unamended soil with in the same
30 day period. Also, Acinetobacter sp. A3 treated soil
permitted better germination of mung beans
(Phaseolus aureus) and growth as evidenced by
better length land and

 weight of the plants and chlorophyll content
of its leaves, which was attributed to the reduction
in phytotoxicity of the crude oil owingo to its
degradation. This crude oil degradative capacity of
Acinetobacter sp A3 could be exploited for
bioremediation purposes.

Hence, in reference to Hanson et.al., 1997, the
present study aims,

• to isolate the potent biodegrader of the hydrocar-
bon from the oil spilled sites,

• to study the biodegradation potential of soil iso-
lated Pseudomonas sp over hydrocarbon,

• to study the bioremediation and bioaugmentation
protocols of oil degraded products by determining
the germination of Phaseolus aureus seeds and

• to evaluate the antifungal metabolites isolated
from oil degraded Pseudomonas sp culture.

Materials and methods

Isolation of Pseudomonas sp.

Soil sample from oil spilled region liberated
from different automobile workshop zones were
collected. The sample was serially diluted and spread
plated on nutrient agar plate and incubated at
37°C for 24-48 hours. The isolated colonies were
streaked on king’s B agar medium and incubated at
35°C for 24-48 hours. Similarly king’s B broth was
prepared and the sample was inoculated and
incubated at 37°C for 24-48 hours. The pigment
production colonies were selected and Gram staining
and biochemical reactions were performed.

Inoculum development

Pseudomonas sp. was inoculated in suitable
media to increase the bacterial growth concentration
King’s B liquid media was prepared. inoculated and
kept in an orbital shaking incubator at 28°C for 18-24
hours.

Crude oil biodegradation in shake flask
experiments (Hanson et.al., 1997)

The degradation of automobile oil (Castrol 2T)
during growth of Pseudomonas fluorescent (isolated
from crude oil refinery sludge) in shake flask
experiments was carried out by inoculating 1 ml
stationary phase culture into 50ml Bushnell Hass
Medium with 0.5% of crude oil contained in 250 ml
Erlenmeyer flasks and incubating on a rotatory
shaker (180rpm, 28° ± 2°C) for the required time.

Uninoculated flasks containing medium and
crude oil served as controls  during the incubation
period. Residual crude oil with bacterial suspension
wa extracted and the turbidity was measured
calorimetrically at 420 nm.

Bioremediation and bioaugmentation

Effect of bioaugmentation of Pseudomonas
fluorescent on plant growth in oil contaminated soil
(Hanson et.al., 1997)
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To determine the efficacy of pseudomonas
fluorescent treated oil to support seed germination
and plant growth, 150g unsterile garden soil was
dispensed in plastic pots (7 cm X6 cm X6 cm) and
bioaugmented with Pseudomonas fluorescent. 10
mung beans (Phaseolus aureus) were then planted
per pot at a depth of 1 cm, and the results in terms
of number of seeds geminated; length of stem and
leves of the plants were noted for 5 to 10 days. The
following controls were used: soil with Pseudomonas
fluorescent treated oil, soil with undegraded crude oil
and soil with water.

Extraction, purification and chemical
identification of antifungal metabolites from
degraded oil compounds (Modified protocol of
Rovera et.al., 2000)
Extraction

The degraded oil compounds extracted from the
Bushnell Hass broth was inoculated into King’s B
media and incubated for 24-48 hours. Following
incubation, the broth was centrifuged at 8000 rpm
for 20 minutes. The supernatant obtained was
collected and equal amount of 70% acetone was added
and again centrifuged at 8000 rpm for 20 minutes.
The supernatant was taken and equal amount of
diethyl ether was added and centrifuged at 8000 rpm
for 20 minutes. The resulting supernatant containing
antifungal metabolites were collected and stored at
4°C.

Partial purification of antifungal metabolites

The collected antifungal extracts were treated
with saturated ammonium sulphate solution (pH 7.4).
The precipitate was centrifuged at 11,000 rpm for 20
minutes. The pellet was redissolved in 0.2-0.5ml of
buffer S without NaCI. The pooled fraction was
transferred to active dialysis bag. The contents were
pooled into the dialysis bag and tied. The bag
containing polled contents were dispensed into buffer
S (with out NaCI) for dialysis process. The contents
were dispensed into eppendorf tubes and centrifuged
in order to remove the remaining impurities. Once
the dialysis was over, the fractions were used for
further analysis like thin layer chromatography and
antagonistic activity.

Chemical identification using Thin layer
chromatographic technique

Silica gel slurry was prepared with double
distilled water in the ratio of 2:1. It was then applied
over the glass plates at thickness of 0.25 mm with
the help of TLC applicator. The plates were kept in
the oven at 100−120°C for 1-2 hours to remove

moisture content and also to activate the adsorbent.
25μl of sample and standard aminoacids were applied
as small spots. The plates were dried and placed  the
plate vertically in the chromatography chamber
already saturated with solvent vapour, containing
developing solvent to a depth of 1.5 cm. Once the
solvent had reached the top, the plate was removed
and proceeded for identification of spotted compound
using 0.3% of ninhydrin solution. It was then kept
in oven at 100°C for 2-3 minutes observed for
coloured spots and Rf value was calculated.

Fungal pathogens such as Fusarium spp.,
Aspergillus spp, Penicillium spp were isolated in
Potato Dextrose Agar (PDA) media. They were then
subcultured and inoculated into Czapek dox broth
and incubated for one week.

Agar Diffusion method (Manwar, et.al., 2000)
PDA plates were prepared Fungal spore

suspension from each of the fungal broth was
swabbed over the agar plates. Small well were made
on the centre of the plate using a  well borer. About
50μ l of purified antifungal extract was added to the
wells with the help of a micropipette. Zone of
inhibition around the well was measured.

Spot inoculation method (De Weger, et.al., 1986)
20 ml of PDA media was prepared and sterilized.

It was cooled to room temperature and added 10 ml of
antifungal extract before  the solidification of the
media. The media was then transferred to sterilized
plates and allowed to solidify. The fungal cultures were
spot inoculated on to agar medium. Antifungal
compounds treated with 50μ l ferric chloride were kept
as control because it nullifies the action of the
antifungal metabolites. The plates were kept for
incubation at room temperature for 1 week.

Results and Discussion
Microbial degradation of petroleum in natural

ecosystems is complex. The evolution of the
hydrocarbon mixture depends on the nature of the
oil, nature of microbial community and on  variety
of environmental factors which influence microbial
activities (Atlas, 1981). Certain enzymes produced by
microbes attack hydrocarbon molecules, causing
degradation. The degradation of oil relies on having
sufficient microbes to degrade the oil through the
microbes’ metabolic pathways. Fortunately, nature
has assigned many microbes to do this job.
Throughout the world there are over seventy genera
of microbes that are known to degrade hydrocarbons.
Bioremediation is the optimization of biodegradation.
This acceleration can be accomplished by two forms
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of technology, fertilizing (adding nutrients) and
seeding (adding microbes). These additions are
necessary to overcome certain environmental factors
that may limit or prevent biodegradation (Ray
Gordon, 1994). Fluorescent Pseudomonads (FLP)
makes up  a dominant population in oil spilled soil
and rhizosphere and exerts growth promoting
influence on a variety of plant species and also
utilizes hydrocarbon as their sole source.
Pseudomonas sp that can colonize the roots of crop
plants and produce antifungal metabolites represent
a real alternative to the application of chemical
fungicides (Ultan, et.al., 2001)

Hence, in the present study biodegradation of
hydrocarbon and bioremediation of the degraded
compounds were analysed. In the bioremediation study,
seed germination efficiency were measured using pot
trials and also the antagonistic potential of the
extracted metabolites from degraded oil samples were
demonstrated using modified protocol of Rovera, et.al.,
2000, Manwar, et.al., 2000, De Weger et.al., 1986.

The Spread plate technique performed for 1 gm
of the oil spilled soil showed many number of
different bacterial colonies on the nutricent agar
medium. The result shows about 19 × 105 colonies of
bacteria isolated from the sample in the nutrient agar
plates. Fluorescent Pseudomonads are detected by
their yellow green colour and fluorescence under ultra
violet light. According to Kloepper et.al., 1980 and
Suslow, 1980, fluorescent Pseudomonads are the
largest and most predominant group of plant growth
promoting rhizobacteria (PGPR) and are involved in
the biocontrol of plant diseases. Gram staining and
other biochemical characteristics were anallysed for
further genus identification and confirmation.

Enumeration of petroleum-degrading
microorganisms is important both to determine the
potential for removal of oil via microbial degradation
and to assess the amount of oil pollution that has
occurred (Walker, J. D. and Colwell, R. R., 1976).
According to Walker and Colwell, 1976,
pertroleum-degrading microorganisms were isolated
from samples of sea water and bottom sediments.
Several methods were used to enumerate the petroleum
degrading bacteria including the most probable number
(MPN) method, plating on oil agar, basal media and
silica gel oil agar media. Their results suggested that
silica gel oil medium is recommended for enumeration
of petroleum-degrading bacteria.

Mill et.al., 1978 compared several media
designed for use in an MPN determination of
petroleum-degrading microorganisms. The best
results, i.e., largest numbers were obtained with 32
mM phosphate buffered liquid media containing 1%

hydrocarbon substrate. In this  study, turbidity was
used as the criterion for establishing positive results.
With reference of this, in the present study, the
hydrocarbon degradation was measured
calorimetrically, in the basal media-Bushnell Hass
broth based on the turbidity. Increased turbidity in
the oil degraded basal media documents that,
hydrocarbon acts as sole carbon source, in the natural
environment for the bacterial culture.

Good viable seeds of Phaseolus aureus were
selected for the pot culture technique and were sown
in the soil watered with distilled water, degraded oil
sample and with Castrol 2T oil separately. Good
growth of the shoot, root and leaves were observed
in the sterile distilled water germinated seeds.
Similarly the germinated  seeds with degraded oil
sample also showed good growth when compared with
the oil-germinated seeds.

The cell extract from the broth with degraded
oil was centrifuged to obtain antifungal metabolites.
The metabolites were separated, partially purified by
ammonium sulphate precipitation and dialysis.
Finally, the components were identified by using thin
layer chromatography and observed as fluorescent
spots under UV light. This spot was scrapped off from
the plate and the isolated compounds were then
undergone bioassay by using phytol pathogenic fungi.
The antifungal metabolites isolated by using
centrifugation technique show the Rf value of about
0.34. According to Bonsall (1997), the siderophore
samples with and Rf value 0.35 is of the type pyocin
which act as an antifungal metabolite. In the present
study, the extracted antifungal metabolites (Rf: 0.34)
therefore supports the above concept of Bonsall.
Hence, the isolated antifungal metabolite may belong
to the type of siderophores.

Antagonistic potential of these metabolites
were demonstrated as a bioremediative study by
using two methods like agar diffusion method and
spot inoculation method (Manwar et.al., 2000 and De
Weger et.al., 1986). In both methods, the growth of
phytopathogens like Fusarium sp., Aspergillus sp.,
and Penicillium sp. were suppressed. The zone of
inhibition around the well containing metabolites
indicates the antagonistic potential properties.

Therefore, the present study demonstrates the
ability of isolated Pseudomonas fluorescent to utilize
crude oil in liquid media and to compete with
indigenous soil microorganisms, enhance crude oil
degradation, and reduces its phytotoxicity in soil,
there by making it a potential agent for use in
bioremediation of crude oil contaminated soil.
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Biodegradation of hydrocarbon using the soil
isolated Pseudomonas sp

Oil samples with different concentration were
added to the BHB and incubated for 4 to 7 days.
Optical density of both oil and degraded oil in BHB
were recorded calorimetrically at 420nm.

Table 1. Colorimetric value of oil
supplemented in the BHB (420nm)

Sample Concentration 
of oil (ml) O.D Value

1. 0.1 1.2

2. 0.2 1.5

3. 0.3 1.5

4. 0.5 1.6

5. 1.0 1.9

Table 2. Colorimetric value of degraded oil
with culture in BHB (420nm)

S.No. Sample O.D. Value
1. 1 1.8

2. 2 2.3

3. 3 2.8

4. 4 3.4

5. 5 3.7

Bioremediation
Biodegradation of the hydrocarbon may yield

many immediate components which may be even
more harmful to the environment when compared to
the former. Sobioremediation of the degraded oil
content was recommended. It can be implemented by
checking the efficiency of the degraded oil for seed
germination and the production of antifungal
compounds in the degraded oil and broth culture.

Table 3. Propagation of Germinated
Phaseolus aureus seeds through pot culture
for stem length determination.

S.No.

Stem
length in
degraded

oil sample

Stem
length in
control
sample

Stem
length in
distilled

water
1. 16.0 cm 2.7 cm 19.6 cm

2. 15.3 cm 2.6 cm 19.4 cm

3. 15.6 cm 1.5 cm 19.5 cm

4. 6.4 cm 1.4 cm 21.0 cm

Incubation time: 3-5 days

Each pot was inoculated with 10 surface
sterilized seeds

Table 4. Propagation of Germinated
Phaseolus aureus seeds for leaf length
determination

S.No.

Leaf
length in
degraded

oil sample

Leaf
length in
control

oil sample

Leaf
length in
distilled

water
1. 2.3 cm 0.8 cm 2.6 cm

2. 2.6 cm 0.7 cm 2.3 cm

3. 1.8 cm No Growth 3.0 cm

4. 2.8 cm No Growth 3.3 cm

Incubation time: 5-8 days

Each pot was inoculated with 10 surface
sterilized seeds

Table 5. Extraction and chemical
identification of antifungal compounds from
the degraded oil content

The antifungal metabolites extracted by
modified protocol of Rovera et.al., 2000 from the
degraded oil content were subjected to thin layer
chromatographic analysis reveals two different spots.
The samples were applied as small spots (25 μl) along
with standard amino acid samples and Rf value for
separated components were calculated. Rf values,
0.34 and 0.6 obtained in which Rf 0.34 shows
antagonistic activity against plant pathogens. Rf
value of separated components were calculated were
calculated by the formula given,

Spots Movement
of solute

Movement
of solvent Rf

1 3.4 10 0.34

2 6.0 10 0.60

Antagonistic activity of extracted metabolites

Antifungal metabolites extracted (Rovera et.al.,
2000) from fluorescent pseudomonades were prepared
and analysed for its antagonistic activity against
phytopathogens, Fusarium sp., Aspergillus sp., and
Pencillium sp., by two different techniques, agar
diffusion and spot inoculation methods (Manwar
et.al., 2000) and (De Weger et.al., 1986). The zone of
inhibition around the well was measured and
tabulated.
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Table 6. Antifungal activities of extracted
metabolites by agar diffusion method

S.No. Phytopathogens Zone of inhibition

1. Fusarium sp 14mm

2. Aspergillus sp 16mm

3. Pencillium sp 12mm

References
 1. M. Alexander, 1981. Biodegradation of chemicals of

environmental concern.Science 211: 132-128.

 2. RM. Atlas, 1981. Microbial degradation of petroleum
hydrocarbons; an environmental perpective. Microbiol.
Rev. 45:180-209.

 3. R.F. Bonsall, L.S. Weller, Thomashow 1997.
Quantification of 2, 4-diacetyl phloroglucinol by
Pseudomonas aurantiaca for its use as bio control
inoculant. J. EMBO 8: 162

 4. J.R. Bragg, R,C, Prince, E.J. Harner, R.M. Atlas. 1994.
Effectiveness of bioremediation for Exxon Valdez oil
spill. Nature. 368: 413-418.

 5. A.M. Chakrabarty, 1972. Genetic basis of the
biodegradation of salicylate in Pseudomonas 112:
815-823

 6. L.A. De Weger, R. Gan Boxtel, B. Van derburg, R.A.
Gruters, F.P. Geels, B. Schippers, L. Lugtenberg. 1986.
Siderophores and outer membrane  proteins of
antagonistic, plant-growth stimulating, root-colonizing
Pseudomonas spp. J. Bacteriology 165: 585-594.

 7. B.N. Dwivedi, Johri. 2003. Antifungals from fluorescent
Pseudomonads: biosynthesis and regulation Current
science. 85: 1693-1703.

 8. K.G. Hanson, A. Wigan, M. Kapadia, A.J. Desai 1997.
Bioremediation of crude oil contamination in soil.
Current Microbiology. 35: 191-193.

 9. J.W. Klopper, M.N. Schroth, T.D. Miller. 1980. Effects
of rhizosphere colonization by plant growth promoting
rhizobacteria on potato plant development and yield
Phytopathology. 70: 1078-1087.

10. A.V. Manwar, P.D. Viaganker, L.S. Bhonge, S.B.
Chincholkar. 2000. Invitro suppression of plant
pathogens by siderophores of florescent Pseudomonas
Indian Journal of microbiology. Vol. 40: 109-112

11. A.L. Mills, C. Breuil, R.R. Colwell. 1978. Enumeration
of petroleum-degrading marine and estuarine
microorganisms by the most probable number method.
Can J. Microbiol. 24: 552-557.

12. K.C. Naidu, 2002. Influence of experimental crude
oilspills on germination and primary growth feactures
in certain commercial plants. Toxicol Envion, Monit.
12: 241-255.

13. Ray Gordon, 1994. Bioremediation and its Application
to Exxon Valdez Oil Spills in Alaska Spring.

14. M. Rovera, S. Cabrera, N. Correa, S. Rosas. 2000.
Characterization of antifungal agents produced by
Pseudomonas sp. Appl. Environ. Microbiol. 56:
908-912.

15. P. Shanahan, D.J.O.P. Sullivan, J.D. Glennon, F,O.
Glennon 1992. Isolation of 2,4 diacetyl phloro glucinol
from fluorescent Pseudomonads, investigation of
physiological parameters influencing its production
Appl. Environ. Microbiol. 58: 353-358.

16. T.V. Suslow, 1980. Role of root colonizing bacteria in
plant growth. In: Phytopathogenic prokaryotes. Vol.I.
M.S. Mount and G.H. Lacy. Academic Press, London,
pp 187-223.

17. F. Ultan, J.P. Morrissey, F.O. Gara. 2001.
Pseudomondas for biocontrol of Phytopathogens: from
functional genomics to commercial exploitation.
Current opinion in biotechnology. 12: 289-295.

18. J.D. Walker, R.R. Colwell. 1976. Enumeration of
petroleum degrading microorganisms Appl. Environ.
Microbio. 31: 198-207.

78 Indian Journal of Applied Microbiology Vol. 6 No. 1


