
Autochthonous bioaugmentation is a
new technology by which autochthonous
microorganisms isolated from petroleum-
contaminated soil, and are enriched and reused for
the bioaugmentation of the petroleum-
contaminated soil first used in 2007 (Ueno 2007).
Bento et al. (2005) isolated a bacterial strain J from
the biostimulation soil that could efficiently
degrade the contaminated soil.  Following
enrichment, they put the strain J back into the
contaminated soil and tested the efficiency of the
bioaugmentation. It was found that strain J
induced a TPH (Total Petroleum Hydrocarbons)
degrading rate of about 50%, which was higher
than that induced by the exogenous strain. Ren XJ
et al. (2012) isolated three bacterial strains from
petroleum-contaminated soil for a bioaugmentation

test, and found that these strains not only
significantly reduced the TPH content of the soil,
but also promoted the bacterial growth and the
production of biosurfactants (De 2005; Coulon
2012). The pollutants degradation rates were
obviously improved in the role of native or
exogenous microorganism (Mahjoubi; Kim 2013;
Zhang Jian 2012; Zedelius 2011; Fernando Rojo
2009). The above observations indicate that
autochthonous microorganisms are advantageous
in bioaugmentation compared to the exogenous
bacterial strains(Timothy 1996,Das 2007). In the
present study, we isolated some bacterial strains
from crude oil contaminated soil, which can
efficiently utilize the petroleum hydrocarbons. In
addition, the bioaugmentation conditions of the
strains by modulating the concentrations of N, P,
saltions, and pH of the medium
Samples and medium

The crude oil was collected from the
Daqing oilfield in Heilongjiang Province. Five oil-
degrading bacterial strains were isolated from the



J PURE APPL MICROBIO, 7(4), DECEMBER 2013.

3106 QU et al.:  BIOAUGMENTATION OF OIL-DEGRADATION BACTERIA

long-term petroleum-contaminated soil in the
Daqing oilfield. They were identified as Pseudomonas
sp., Pseudomonas aeruginosa, Acinetobacter junii1,
Acinetobacter junii2 and Microbacterium oxydans
respectively and were named as X3, X5, X8, X11 and
X12 in the later research.

Liquid enrichment medium consisted of
some chemical groups (in g/L): NaCl 1.0,
K

2
HPO

4
·3H

2
O 1.0, KH

2
PO

4
 1.0, MgSO

4
·7H

2
O 0.5,

NH
4
NO

3
 1.0, CaCl

2
 0.02, trace volume FeCl

3
, beef

extract 0.3%, and peptone 1%, pH7.0. Isolation
culture medium consisted of some chemical groups
(in g/L): beef extract 3, peptone 10, NaCl 5, pH 7.0-
7.2; For the solid medium, 20g/L agar was
supplemented.

Inorganic salt culture medium consisted
of some chemical groups (in g/L): NaCl 1.0,
K

2
HPO

4
·3H

2
O 1.0, KH

2
PO

4
 1.0, MgSO

4
·7H

2
O 0.5,

NH
4
NO

3
 1.0, CaCl

2
 0.02, and a trace amount of FeCl

3
,

pH7.0.
Oil-degrading experiment of the strains

The bacteria were cultured overnight on
a shaker and then transferred into the inorganic
salt medium containing 1% (w/v) petroleum and
also into the soil extract liquid at a volume ratio of
1% (v/v), cultured at 30! on a shaker at 160 r/min.
In the control sample sterile water was added into
the same medium instead of strain cultured. On
day 5, 10 and 15, three replications for each culture
were used for extraction (Holt J G 1994) to determine
the petroleum degradation rate. The degradation
rate was calculated as follows:

Degradation rate = [1 - (W
1
 - W

2
)] / W

0
 ×100%

W
0
 is the initial petroleum mass (g), W

1
 is

the mass of the flask and the residual petroleum in
the sample (g), and W

2 
is the mass of the flask (g).

The bacterial liquid cultured overnight was
transferred into the bioclean contaminated soil
containing 1% (w/v) petroleum at a volume ratio of
3% (v/v), and well mixed. The bacteria-soil mixture
was cultured at 30!. On day 5, 10 and 15, three
replications for each culture were used for
extraction. The degraded soil was sequentially
rinsed with hexane, methylene chloride and
chloroform, and the supernatants of the three
washes were mixed and placed at 60! in a fume
hood to make the organic solvents fully volatilizing.
Then the supernatants were cooled down in a
desiccator and weighed to determine the petroleum
degradation rate.

In the inorganic salt medium, the salt
concentration was changed to 1%, 3%, 5%, and
7%. Nitrogen source and phosphate source was
changed from NH

4
NO

3
 to NaNO

3
, (NH4)

 2
SO

4
, or

NH
4
Cl, and from KH

2
PO

4
/K

2
HPO

4
 to KH

2
PO

4
,

K
2
HPO

4
, or NaH

2
PO

4
, respectively, but keeping a

constant nitrogen and phosphate content in the
whole operational process. The bacterial liquid
cultured overnight was transferred into the
modulated inorganic salt medium at a volume ratio
of 1% (v/v), and cultured at 30°C on a shaker at 160
rpm for seven days. OD value and petroleum
degradation rate of the bacteria were measured.

RESULTS  AND DISCUSSION

Oil degradation of the strains in the inorganic
salt medium

The X3 and X5 strains in the inorganic
salt medium had a high oil degradation of ~50% for
the early 15 days and eventually reached a peak of
60%. Compared to the control, all 5 strains could
make good use of petroleum hydrocarbons when
petroleum is the only carbon source (Fig. 1).
Oil degradation of the strains in soil-containing
culture medium

The soil-containing culture medium
provides an environment which is close to the
natural environment for the petroleum-degrading
bacteria. After 15 days’ treatment, X3 and X5
showed the highest degradation of 75% and 72%,
respectively, followed by X11 (68%), X8 (64.67%),
and X12 (59%). These observations indicated a
slight difference in degradation efficiency of the
strains; moreover, their petroleum degradation
efficiencies were much higher than that of the
control (Fig. 2). It is confirmed that these strains
can well degrade the petroleum under solid culture
conditions. Hence, all 5 strains are very efficient
petroleum-degrading strains, and can be used for
in situ and ectopic bioremediation of soil.

All the five bacterial strains isolated from
Daqing oilfield showed strong tolerance to salt
and alkali soil condition. The isolated bacterial
strains were all autochthonous microorganisms in
the contaminated region and had restrict
environmental requirements for growth and
nutrients. Hence, it is necessary to explore the
effects of nutrient type, matrix amount, and mixed
inocula on pollutant degradation during the
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Fig. 3. Effects of different nitrogen sources on the growth
and oil degradation rate of all strains. Equal nitrogen of
NaNO

3
0(NH4)

 2
SO

4
 and NH

4
Cl was added into inorganic

salt medium individually as nitrogen source instead of
NH

4
NO

3
. All strains were cultured 7 days in the four

kinds of nitrogen source inorganic salt culture under
30°C and 160rpm. 25ml cluture with strains was added
into each  50ml conical flask. a: Growth of five strains
under different nitrogen sources.The OD values of
X3,X5 and X8 were measured under 320nm, while X11
and X12 were 300nm. b: Oil degradation rate of all
strains under different nitrogen sources. All five strains
inoculated into 25ml four kinds of nitrogen source
inorganic salt medium with 1%(w/v) crude oil
were cultured 7 days under condition of 30°C
and 160rpm in 50ml conical flask. The oil degradation
rate were determined by soxhlet extraction method

Fig. 2. Oil degradation rate of five strains in the soil
solid culture medium. All five strains inoculated into
25ml soil solid culture medium with 1%(w/v) crude oil
were cultured under condition of 30°C and 160rpm in 50ml
conical flask. The ability to degrade crude oil of these isolates
was compared with a control sample named ck in which no
strains were inoculated. The oil degradation rate were determined
by soxhlet extraction method at the days of 5,10 and 15

Fig. 4. Effects of different phosphate sources on the
growth and oil degradation rate of all strains. Growth
of all strains under different phosphate sources. Equal
phosphorus of KH

2
PO

4
0K

2
HPO

4
0NaH

2
PO

4
 was added

into inorganic salt medium individually as phosphate
source instead of KH

2
PO

4
/K

2
HPO

4
. The rat io of

KH
2
PO

4
 and K

2
HPO

4
 was 1:1 in inorganic salt medium.

All strains were cultured in inorganic salt culture under
30! and 160rpm. 25ml cluture with strains was added
into each 50ml conical flask. a:The OD values were
measured at the seventh day. The five strains’ OD value
was the same as nitrogen sources experiment.b: Oil
degradation rate of all strains under different phosphate
sources. All five strains inoculated into 25ml four kinds
of phosphate source inorganic salt medium with 1%(w/
v) crude oil were cultured 7 days under condition of 30°C
and 160rpm in 50ml conical flask. The oil degradation
rate were determined by soxhlet extraction method

Fig. 1. Oil degradation rate of five strains in the inorganic
salt medium. All five strains inoculated into 25ml inorganic
salt medium containing 1%(w/v) crude oil were cultured
under condition of 30! and 160rpm in 50ml conical flask.
The ability to degrade crude oil of these isolates was
compared with a control sample named ck in which no
strains were inoculated. The oil degradation was
determined by soxhlet extraction method on day 5, 10 and 15
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microbial remediation process based on the
geographical features. These features include
geography, climate, soil characteristics,
contamination intensity, and groundwater depth.
By this means, we should be able to establish a
bioaugmentation plan suitable for autochthonous
microorganisms to maximize bioremediation effect
of the indigenous organisms.
Oil degradation of the strains in different nitrogen
source

When NaNO
3
 was the nitrogen source,

all 5 strains showed the best growth but the lowest
petroleum degradation. However, when (NH

4
)

2
SO

4

was used as the nitrogen source, the strains
showed moderate growth but a high petroleum
degradation (Fig. 3). Overall, the high petroleum
degradation rate of the strains seems to show
inverse correlation with NaNO

3 
as

 
nitrogen source,

a possible reason may be the activity of bacterial
enzymes related in petroleum hydrocarbon
degradation varied under different nitrogen source
conditions. The oil degradation indicated that it is
good to choose NH

4
NO

3
 as nitrogen source when

the strains are used to bioremediate oil pollution.
Oil degradation of the strains in different
phosphate source

All the five strains grew well when
K

2
HPO

4
·3H

2
O or K

2
HPO

4
·3H

2
O /KH

2
PO

4
 (1: 1) were

used as phosphate sources. In contrast, the strains
showed poor growth when KH

2
PO

4
 and NaH

2
PO

4

as the phosphate sources, especially for X8 which
did not grow (Fig.4). Overall, all the strains showed
both good growth and an ideal petroleum
degradation rate when K

2
HPO

4
·3H

2
O /KH

2
PO

4
 (1:

1) were as the P sources.
All strains expect X11 showed the

highest petroleum degradation rate when
K

2
HPO

4
·3H

2
O was used as the phosphate source,

but they showed best growth in the medium with
K

2
HPO

4
·3H

2
O /KH

2
PO

4
 (1: 1) as phosphate source.

This was probably because the expression of
bacterial enzymes required for petroleum
degradation was regulated by different nitrogen
and phosphate sources, which was some correlated
to gene regulation involved in bacterial growth.
Audrew et al.(1992) found that when fertilizer with
a C: N: P ratio of 100:5:1.7, where the N source was
NH

4
+ and the P source was PO

4
3-, was added to the

oil-contaminated soil and slowly released, the
biodegradability was the optimal, which is

consistent with our results. Therefore, to carry out
microbial remediation by bioaugmentation, it is
essential to first determine the N and P sources,
and then to optimize the concentration of different
supplement to maximize the degrading efficiency.
Our future work will be focused on demonstrating
the molecular mechanisms underlying the microbial
degradation of petroleum hydrocarbons and
identifying the degradation relevant genes using
molecular biological techniques based on the
selection of oil-degradation bacteria. Van Beilen
(2001)reported that in Pseudomonas putida GPO1,
the operon encoding the enzyme involved in
alkanes degradation is located in the OCT
plasmidsuggested that the alkB operon that
controls alkanes degradation in Burkholderia
cepacia can be easily negatively regulated by the
repressive metabolites compared to the operon in
P.putida GPO1. Demonstrating the type, activity,
sequence, and regulation mechanism of petroleum
hydrocarbon-degrading enzymes will greatly help
the development of petroleum hydrocarbon-
degrading bacterial strains for very efficient
bioremediation.
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