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Abstract: A diesel-degrading bacterium from Antarctica has been isolated. The isolate was tentatively identified as Pseudomonas sp. strain

DRYJ3 based on partial 16S rDNA molecular phylogeny and Biolog® GN microplate panels and Microlog® database. Growth on diesel was

supported optimally by ammonium sulphate, nitrate and nitrite. The bacterium grew optimally in between 10 and 15 oC, pH 7.0 and 3.5%

(v/v) diesel. The biodegradation of diesel oil by the strain increased in efficiency from the second to the sixth day of incubation from 1.4 to

18.8% before levelling off on the eighth day. n-alkane oxidizing and aldehyde reductase activities were detected in the crude enzyme

preparation suggesting the existence of terminal n-alkane oxidizing activity in this bacterium.
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Introduction

Hydrocarbon pollutants are amongst the most reported

pollution worldwide. Even pristine areas especially in the polar

regions have been affected (Ruberto et al., 2005). Their negative

impacts on various organisms (Ghosh et al., 2006; Sharma and

Cyril, 2007; Cheevaporn and Beamish, 2007) have been

documented and have prompted many researchers to search for

solutions to remove these pollutants from the environment. One of

the largest sources of hydrocarbon contaminant in the Polar regions

is oil spills from shipping accidents. Several of the most notable

examples are the Exxon Valdez, Bahia Paraiso and Nella Dan

accidents. It has been observed that the soils and sediments

contaminated with hydrocarbon are teemed with hydrocarbon-

degrading microorganism (Atlas, 1977). An enhanced number of

hydrocarbon degraders were reported in hydrocarbon

contaminated soils from Scott Base, Marble Point and Wright Valley

in Antarctica and in oil-polluted Antarctic seawater (Aislabie et al.,

2001 and Dellile et al. 1998). Numerous diesel-degrading bacteria

from Antarctica have been isolated (Ruberto et al., 2005). However

more strains with efficient or high diesel tolerance microbes need to

be isolated to cope with bioremediation in the harsh and cold

Antarctic environment. In this work, we report on the isolation of a

psychrophilic diesel-degrading bacterium from a diesel-

contaminated Antarctic soil that is able to grow on relatively

high diesel concentration. The characteristics of this bacterium

suggest that it is useful as a bioremediation agent in the polar

regions.

Materials and Methods

Site and soil sampling: Soil samples were collected from several

diesel-contaminated areas in the Jubany Station which is located in

the Argentinean Base, King George Island, South Shetlands Islands,

Antarctica (61.5oS 54.55oW). Samples were also collected in Casey

Station which is just outside the Antarctic Circle. Casey Station is on

the coast of Wilkes Land, in an area called the Windmill Islands

(66.17oS 110.32oE). Soils were collected randomly 15-20 cm beneath

the surface using sterile spatula and were placed in sterile screw-

capped vials. The soil samples were placed in sterilized plastic

bags and stored on ice during transfer from site to the laboratory.

Soil samples were resuspended in 10 ml of sterile saline solution

(0.9% NaCl) and vigorously shaken with a shaker (YIH DER,

Taiwan) for 5 min. The enrichment culture media consisted of

basalt salt media supplemented with diesel as carbon source. A

modified basal salt medium (Michaud et al., 2004) was composed

of (per liter of distilled water): KH
2
PO

4
, 1.360 g; Na

2
HPO

4
, 1.388

g; KNO
3
, 0.5 g; MgSO

4
, 0.01 g; CaCl

2
, 0.01 g; (NH

4
)

2
SO

4
, 7.7 g;

and 100 ml of a mineral solution containing 0.01 g of ZnSO
4
.7H

2
O,

MnCl
2
.4H

2
O, H

3
BO

4
, CoCl

2
.6H

2
O, Fe

2
SO

4
.2H

2
O, CuCl

2
.2H

2
O,

NaMoO
4
.2H

2
O. The flasks were incubated at 10± 0.5 °C and 150

rpm (YIH DER, Taiwan) for ten days. The controls were devoid of

inoculums.

Spread plate technique was used for culture isolation and

enumeration. The cultures were then incubated at 10±0.5oC for ten

days. Isolates exhibiting distinct colonial morphologies were isolated
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by repeated sub culturing into basal salt medium and solidified basal

salt medium until purified strains were obtained. Identification at species

level was performed by using Biolog GN MicroPlate (Biolog,

Hayward, CA, USA) according to the manufacturer’s instructions

and molecular phylogenetics studies. Molecular characterization was

based on 16S ribosomal DNA (rDNA) sequencing. The BLAST

programs from the National Centre for Biotechnology Information

server were used for similarity searches. The results of the search

showed that the closest similarity (99%) was Pseudomonas sp. PM-

2001 (AF321239). The 16S rRNA ribosomal gene sequence (1448

base) for this isolate have been deposited in GenBank under the

following accession number DQ226216. Together with the Biolog

identification system which gave the closest ID to Pseudomonas

stutzeri with 95 percent probability, isolate J3 was assigned tentatively

as Pseudomonas sp. strain DRYJ3.

Gas chromatographic analysis: Gas chromatographic analysis

was made according to the methods of Michaud et al. (2004). After

the incubation period, 5 ml of the cultures were extracted with two 20

ml volumes of n-hexane as a solvent by using separatory funnels to

removed cellular material. The residues were transferred to tarred

vials and the volume of each extract was adjusted to 100 ml by

adding further n-hexane. The vials were kept at 4oC until the gas

chromatographic analysis. Uninoculated control was incubated in

parallel to monitor abiotic losses of the substrate.

Biodegradation of diesel oil was monitored by quantitative

gas chromatographic analysis by means of a 3900 model Varian

(Varian, USA) equipped with a SE-54 capillary column (25 m X 0.32

mm) and flame ionization detector (FID). Helium was used as the

carrier gas (30 ml min-1). The oven was programmed as follows:

40oC (4 min), then increased to 325oC (5 min) at a rate of 8oC

min-1. Injector temperature was 275oC while detector temperature

was 325oC.

The degradation of diesel oil as a whole was expressed as

the percentage of diesel oil degraded in relation to the amount of the

remaining fractions in the appropriate abiotic control samples (external

standard technique). Combined areas under resolved peaks and

the Unresolved Complex Mixture (UCM) were integrated to

represent Total Petroleum Hydrocarbon. The biodegradation

efficiency (BE), based on the decrease in the total concentration of

hydrocarbons, was evaluated by using the following equation:

BE (%) = 100 – (A
s
 X 100 / A

ac
)

Where A
s
 = total area of peaks in each sample, A

ac
 = total area of

peaks in the appropriate abiotic control, BE (%) = efficiency of

biodegradation.

Diesel-degrading enzymes detection: The main objective of this

study was to detect the presence of diesel-degrading enzymes in

cell-free extract of this isolate. The methodology of enzyme detection

was modified from Sakai et al. (1996). Three types of buffers were

used in enzyme detection studies. Buffer I was for alkane-oxidizing

enzyme containing 50 mM Tris-Cl (pH 7.5) with 0.5 mM EDTA.

Buffer II was for alcohol and aldehyde dehydrogenases containing

10 mM sodium potassium phosphate (pH 7.3) with 5 mM MgSO
4
, 7

mM 2-mercaptoethanol and 1 mM dithiothreitol. Buffer III was for

aldehyde reductase containing 50 mM sodium potassium phosphate

(pH 8.0). An appropriate amount of insoluble substrates such as n-

alkane (Decane), alcohol (1-decanol), or aldehyde (1-

decanaldehyde) was added to 100 ml of buffer I, II, III containing 1

mg of alkylphenol ethoxylate (Triton-X-100) as the nonionic surfactant.

The mixture was heated in boiling water for 5 min and then

homogenized by sonication at 30 kHz for 1 min. The reaction mixture

(1 ml) for n-alkane-oxidizing enzyme consists of 400 µl of Decane

(standard substrate), 250 µl of 50 mM Tris-Cl (pH 7.5), 50 µl of cell-

free extract (enzyme) and 250 ml of deionized water was prepared

and incubated at 30oC for 10 minutes. 1-decanol was extracted by

SPME and determined by using GC-FID. For the control experiment,

a mixture without the substrate was similarly treated.

The reaction mixture (1 ml) for alcohol dehydrogenase

consisted of 600 µl of substrate (Decanol), 250 µl of phosphate

buffer (pH 7.3), 70 µl NADP, 50 µl of cell-free extract (enzyme) and

30 µl of deionized water was prepared. For the control, substrate-

free reaction mixture was boiled for 5 min. The product (1-

decanaldehyde) produced from the reaction was extracted by SPME

and determined by GC-FID. The reaction mixture (1 ml) for aldehyde

dehydrogenase consisted of 600 µl of substrate (Decanal), 250 µl of

50 mM phosphate buffer (pH 7.3), 70 µl of NADP, 50 µl of cell-free

extract (enzyme) and 30 µl of deionized water. The control was

treated as described before. 1-decanoic acid was extracted by solid

phase microextraction (SPME) and detected by using GC-FID as

described previously.

Obtaining cell-free extracts: Cells from 4 days old culture grown

on optimum condition were harvested by centrifugation at 10,000 x

g for 20 minutes at 4oC in Beckman J20 high-speed centrifuge. Cell

pellets were washed twice with 0.85% NaCl to discard the excess

diesel attached to the cell’s pellets. The cells were suspended in an

appropriate buffer for each enzyme assay as mentioned earlier and

disrupted by sonication with Biosonik 111TM (Bronwill Scientific,

Rochester, N.Y.) sonicator at 80 W for a total duration of 2 hr, consisting

of intermittent sonication for 60 sec on and 120 sec off continuously.

Cells were sonicated until the colour changed from pale yellow to

pale pink, and then the crude fraction was subjected to centrifugation

at 15,000 x g for 10 minutes. The resulting supernatant was used as

source of crude enzyme for further analysis.

Statistical analysis: Values are means ± SE of at least three

replicates. All data were analyzed using Graphpad Prism version

3.0 and Graphpad InStat version 3.05. Comparison between groups

was performed using a Student’s t-test or a one-way analysis of

variance with post hoc analysis by Tukey’s test (Miller and Miller,

2000). p < 0.05 was considered statistically significant.

Results and Discussion

Isolates J3 is a Gram-negative rod. According to Zdanowski

and Wglenki (2001), dominant bacteria in soils near Arctowski Station,

2
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King George Island are Gram negative rods. Maximal percentages

of these rods are found by Bolter (1995) in soils with dense plant

cover of Deschampsia antarctica and in a barren soil covered with

Usnea antarctica. Oceanospirillaceae, Halomonadaceae,

Pseudomonadaceae, Moraxellaceae and Enterobacteriaceae are

among the family in the Gammaproteobacteria that are capable of

degrading hydrocarbon. Among the researchers that found

Pseudomonas sp. in hydrocarbon contaminated soils are Torres et

al. (2005), Barathi and Vasudevan (2001) and Chaineau et al.

(1999). Pseudomonas genera remained as one of the major

hydrocarbon degrading group.

Bacterial growth optimization :

Carbon source: Isolate J3 showed an almost linear log units increase

in cellular growth with respect to diesel concentration with optimum

growth occurring at 3.5% (v/v) diesel concentration (Fig. 1). Cellular

growth dramatically decreased at diesel concentrations higher than

this. Diesel is needed as a carbon source but it can be toxic to

microorganisms due to the solvent effects of diesel that could destroy

bacterial cell membrane. Hence, many biodegradation studies on

diesel are carried out using lesser diesel concentrations ranging

from 0.5 to 1.5% (Mukherji et al., 2004; Lee et al., 2006; Hong et al.,

2005; Ueno et al., 2007; Rajasekar et al., 2007). It has been found
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Fig. 1: The effects of different concentrations of diesel on cellular growth. The

isolate was grown in 30 ml liquid culture supplemented with 0.77 % (w/v)

ammonium sulphate on an orbital shaker (150 rpm) at 10oC. Data represent

means ± SEM, n=3
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Fig. 4: The effect of temperatures on the growth of the bacterium. The isolate

was grown in 30 ml liquid culture with 3.5% (v/v) diesel and 2% (w/v)

ammonium sulphate on an orbital shaker (150 rpm) at 10 oC. Data represent

means ± SEM, n=3
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Fig. 2: The effects of cellular growth on 3.5% diesel (v/v) using various

nitrogen sources. Data represent means ± SEM, n=3
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Fig. 3: The effects of pH on cellular growth. The buffer system used consists

of phosphate (�), and carbonate (�). The isolate was grown in 30 ml liquid

culture with 3.5 % (v/v) diesel and 2% (w/v) ammonium sulphate on an

orbital shaker (150 rpm) at 10 oC. Data represent means ± SEM, n=3
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that degradation is generally unfavorable at concentrations higher
than 1 or 1.5% (Espeche et al. 1994; Bicca et al., 1999; Lee et al.,
2006). Degradation at a much higher concentration (6% v/v diesel)
has been reported but degradation requires glucose (0.2% w/v)

and yeast extract (0.1% w/v) (Kwapisz et al., 2008). Since Isolate
J3 was able to tolerate relatively high diesel concentrations, this
suggests that Isolate J3 is a good candidate for diesel bioremediation.

The effects of nitrogen source: Different nitrogen sources such
as L-cystine, L-glutamic acid, L-alanine, L-aspartic acid, urea,
ammonium sulphate, nitrate and nitrite were used at an initial
concentration of 1% (w/v) in BS media supplemented with 3.5%
diesel to study their effects on bacterial growth. Ammonium sulphate,

nitrate and nitrite optimally supported the growth of Isolate J3 with no

significant difference amongst them in terms of cellular numbers
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Fig. 5: Biodegradation efficiency of isolate J3 using 0.5% diesel (v/v) grown

at 10 oC. Data represents mean ± SEM, n=3

Shukor et al.
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Fig. 7: GC profiles of diesel oil extracted from the aqueous phase of the medium after 10 days of incubation at 10 °C with 0.5 % diesel (v/v) with and without

inoculation with the bacterium. (A) Abiotic control (uninoculated); (B) inoculated with diesel. The internal standard was n-decane
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(p>0.05) followed by urea and L-alanine with urea giving more

significant growth compared to L-alanine (p<0.05) (Fig. 2). Ammonium

sulphate was chosen as the principal nitrogen source due to its

widespread usage as a cheap source of nitrogen for bioremediation

(King et al., 1992). Optimization of ammonium sulphate concentrations

shows that the optimal concentration that supports maximal growth

was at 2% (w/v).

The effects of pH: Optimal growth of isolate J3 occurred at pH 7.0

in both phosphate and borate buffer with significantly higher growth

was obtained using phosphate buffer (p<0.05). Minimal growth was

observed at pH 6.0 and at pH 8.0 (Fig. 3). The isolate exhibited a

very sharp optimum peak for growth requirement suggesting that pH

control is very important to get optimum results during soil

bioaugmentation experiment for bioremediation. Maintenance of pH

is important since pH strongly affects bacterial growth. Changes in

pH is largely due to the production and accumulation of bacterial

waste products. Therefore, the optimization of environmental conditions

is very important for the enhancement of bacterial growth and for

designing effective bioremediation strategy (Davey, 1994). The

requirement of neutral or near neutrality for optimal growth of bacteria

on diesel is also exhibited by many other diesel-degrading bacteria

(Espeche et al., 1994; Chapman and Shelton, 1995; Bicca et al.,

1999; Margesin, 2000; Cavalca et al., 2000; Mukherji et al., 2004;

Hong et al., 2005; Marquez-Rocha et al., 2005; Lee et al., 2006;

Rajasekar et al., 2007; Ueno et al., 2007; Kwapisz et al., 2008).

The effects of temperature: Isolate J3 exhibited optimal growth

between 10 and 15oC with no significant difference in terms of growth

at these two temperatures (p>0.05) (Fig. 4). The low temperature

optimum exhibited by isolate J3 suggests that it is a good candidate

for bioremediation of polar regions contaminated sites. Ma et al.

(2006) reported on the isolation of six naphtalane-degradation

bacteria from Antarctic soil. All of the strains grow well at 4oC and

have an optimum temperature for growth at 16oC and no growth is

observed at 37oC. Similarly, Pseudomonas sp. 30.3 exhibited

optimal growth on hydrocarbon at 15oC with minimal growth at 4oC

and the absence of growth at 35oC. Another psychrotrophic

bacterium, Halomonas sp. Ant-3b, has an optimum growth at 15 oC

using 2% hexadecane as a substrate (Pepi et al. 2005). In contrast,

several Rhodococcus strains isolated by Ruberto et al. (2005)

from hydrocarbon-polluted Antarctic soil exhibit optimum growth in

between 25oC and 30oC revealing a psychrotrophic character.

According to Morita (1975), cold-adapted, psychrophilic and

psychrotrophic, microorganisms are characterized by low-

temperature growth ranges between < 0oC and <20oC and between

0oC and 35oC, respectively.

Biodegradation efficiency: The biodegradation of diesel oil by

isolate J3 increased in efficiency from the second to the sixth day of

incubation, increasing from 1.4 to 18.8% before leveling off from the

eighth to the tenth day (Fig. 5). Growth studies shown previously

also indicated that the end of log growth phase was reached in

about eight days, indicating that diesel degradation efficiency is

linked with cellular growth of J3. Fig. 6 shows the reduction in TPH

level concomitant with an increase in cellular number. Since the

diesel carbon load was only 0.5%, full degradation of diesel

represented by TPH could be achieved in 6 days of incubation at

10oC. Fig. 7 shows an almost complete removal of diesel

components as seen from the reduction in hydrocarbon peaks

after 10 days of incubation.

Biodegradation efficiency of various individual strains of

microbes ranges between 8 to 26% in 10 days (Baryshnikova et

al., 2001). For psychrotolerant microbes, Margesin and Schinner

(2001) observed the highest degradation rate during the first 10 to

15 days with 38% of BE observed at a longer incubation of 32 days

with no further hydrocarbon losses detected on days onwards. The

biodegradation efficiency of two diesel-degrading arctic isolates shows

a biodegradation efficiency of approximately 20% on day ten for

both isolates using 1% diesel (v/v) as a carbon source (Michaud et

al., 2004). Ijah (1998) reported that a bacterium and a yeast isolate

from tropical soils have BEs of 52 and 69%, respectively, after

sixteen days of incubation period. Lal and Khanna (1996) reported

58% overall degradation of Indian crude oil samples by

Acinetobacter calcoaceticus and Alcaligenes odorans over a fifteen

day period. The maximum BE of 19% observed in this study fits well

in the range of 8 to 26% discussed earlier. Biodegradation processes

of organic pollutants in Antarctic soils are more difficult to achieve than

those in most temperate areas. Among factors limiting microbial activity,

temperature is one of the most significant (Atlas and Bartha, 1993)

and only psychrotolerant organisms can successfully remove

pollutants under low but variable soil temperatures.

Enzymes detection: n-alkane oxidizing activity was detected with

an activity amounting to 40 nmolmin-1 whilst alcohol dehydrogenase

shows very low activity at 2 nmolmin-1. Aldehyde reductase was

detected in the crude enzyme preparation at 20 nmolmin-1. Sakai et

al. (1996) reported that aldehyde reductase was induced by n-

alkanes and acted on long chain fatty aldehydes and it is assumed to

play an important role in n-alkane metabolism. Since most of the

products formed are authenticated using standards, this suggests

the existence of terminal n-alkane oxidizing activity in this bacterium.

In conclusion, growth optimization studies of the isolates were

performed on various physicochemical parameters for promoting

higher degradation rate so that the optimized parameters can be

applied on the field especially nutrients and pH amendments to polluted

soils. The low optimum temperature at 10oC for cellular growth when

diesel is supplied as the sole carbon source reflects the psychrophilic-

psychrotolerant properties of the isolates. The temperatures exhibited

during the summer season in the Antarctic peninsular at 4-6oC means

that microbes that are suitable for bioremediation works must also

have optimum activity near this temperature. The biodegradation

efficiency (BE) of the isolates were found to be comparable to many

other reported works for diesel or hydrocarbon-degrading microbes

and it remains to be seen whether the BE studied in microcosmic

environment would be similar or different in macrocosmic studies. It is

also important to study heavy metals resistant of the strain in future

works since it is well known that crude and processed hydrocarbons

Isolation and characterization of a Pseudomonas diesel-degrading strain from Antarctica 5
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contained significant amount of mercury which could inhibit

bioremediation. Research is currently being carried out to isolate the

diesel-degrading genes from this bacterium.
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