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Construction and characterization of engineered
diesel-degrading bacterium
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Abstract: [Objective] We constructed engineered bacterium to improve diesel biodegradation and to

study the effect of p450 gene on diesel biodegradation. [Methods] The p450 gene of Alcanivorax

borkumensis SK2 was constructed in pCom8 and the p450-SK2/pCom8 plasmid was transformed

into Escherichia coli DH5a. The expression of AlkB protein in E. coli DH5a was detected using
SDS-polyacrylamide gel electrophoresis. The recombinant plasmids expressed rightly were
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transformed into diesel-degrading Acinetobacter sp. strain Y9. The degrading characteristics and the
expression of p450 in engineered bacterium p450-SK2/Y9 were studied. [Results] The identifying
results by PCR and digestion with Sa/ I and Nde 1 indicated that the recombinant plasmids and the
engineered bacterium p450-SK2/Y9 were constructed rightly. When the induction concentration of
diesel was above 1% (V/V), the expression level of p450 gene was higher and increased slightly with
the increasing of induction time. Diesel degradation ratios of p450-SK2/Y9 were not higher than that
of Y9 when it was inoculated solely, but the p450-SK2/Y9 could facilitate the biodegradation of
diesel in bacterial consortium. The results of SDS-PAGE showed that p450 gene could be expressed
p450-SK2/Y9, and the expression level was higher in the bacterial consortium than that of single
bacterium. [Conclusion] The engineered bacterium p450-SK2/Y9 could facilitate the biodegradation
of diesel in bacterial consortium, and the expression level was higher in the bacterial consortium than
that of single bacterium. These results are useful to improve diesel biodegradation and study on the
mechanism of p450 gene for diesel biodegradation.

Keywords: Diesel, Biodegradation, Engineering bacterium, Protein expression
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sp. P450 1.1 BRI FAE
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CYP153 8 CYPIS3 pCom8 (7 639 bp)
CYP153
Pseudomonas putida 2 3
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(Sal I Ndel) T4 DNA
PCR ( )
PCR Bio-Rad

Acinetobacter sp. Y9 W3 F9

Gordonia sp. X1 [16-19]

F1 LEAERE R

Table 1 Strains and plasmid used in this study

Strain and plasmid Characteristic Source
Y9 Acinetobacter sp. Laboratory collection
W3 Acinetobacter sp. Laboratory collection
F9 Acinetobacter sp. Laboratory collection
X1 Gordonia sp. biosurfactant-producing strain Laboratory collection
E. coli DH5a recAl endA1 hsdR17 D lacU169 Laboratory collection
pCom8 alkB genes expression vector, PalkB; Gm'(gentamicin); Smits et al. 20012

oriT; alkS; broad host range
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Figure 3 Multiple cloning site of pCom8
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p450-SK2/pCom8
4 Alcanivorax borkumensis SK2 p450
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(Ndel Sall)  p450-SK2
Sall  Ndel
1422 bp pCom8
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Figure 4 Physical map of recombinant plasmid
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5 p450-SK2/pCom8 BIEGTI L E
Figure 5 Enzyme digestion of p450-SK2/pCom8
Note: 1: p450-SK2/pCom8; 2: DL15000 marker.
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PCR PCR
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Figure 6 PCR detection of pCom8 and p450-SK2/pCom8
Note: 1: p450-SK2/pCom8; 2: pCom8; 3: Blank control; 4:
DL2000 marker.
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3.2 p450-SK2 £ [EH7E X5+ E DHSa FHIRIA
Bradford

20 pg) 10% SDS-PAGE

5%

8 1 410 bp
57 kD SDS-PAGE
p450-SK2/DH5a 57 kD
DH50
DH5a

p450
1%

6 h
3.3 T2 p450-SK2/Y9 H p450 £ F A&
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DH5a p450-SK2/DH5a PCR
9
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3.4 TiEHE p450-SK2/Y9 FtL;haypemz
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10

7 ARYEHIREFS pa450-SK2 EHRIEW
SDS-PAGE H;k[E
Figure 7 SDS-PAGE electrophoresis of p450-SK2 protein
induction with different concentrations of diesel oil
1 4% 2 3% 3 2% 4 1% 5
Marker 6 7 DH5a.
Note: 1: 4% diesel oil; 2: 3% diesel oil; 3: 2% diesel oil; 4: 1%
diesel oil; 5: Protein marker; 6: No induction; 7 DH5a.

8 p450-SK2 EFEEARRFSHEREEZEAN
SDS-PAGE k&
Figure 8 Protein SDS-PAGE electrophoresis of p450-SK2
gene induction different time
1 DHS5a 2 3 2h 4
4h 6 6h.
Note: 1: DH5a; 2: No induction; 3: 2 h; 4: Protein marker; 5: 4 h; 6:
6h.

Marker 5

PCR Y9
DNA
544bp 864bp alkB CYPIS3A
Acinetobacter sp. M-1  Acinetobacter sp. OC4
84% 98% Y9
C11-C22 (7

(Alkane hydroxylases)

p450-SK2/Y9

(Y9+W3+F9+X1) U® p450-SK2/Y9
Y9 (p450-SK2/Y9+
W3+F9+X1)

1 2 3 4 5 6 bp

2000

1000
750
500

250
100

9 p450 EFH] PCR ¥EE
Figure 9 PCR detection of p450 gene

1 Y9 2 p450-SK2/Y9 3 p450-SK2/DHS5a 4 DHS5a
5 6 DNA marker.

Note: 1: Y9; 2: p450-SK2/Y9; 3: p450-SK2/DH5a; 4: DHS5a; 5:
Blank control; 6: DNA marker.
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Figure 11 Changes of diesel oil biodegradation ratio of
bacterial consortium with incubation time
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Y9 p450-SK2/Y9
(Y9+W3+F9+X1 p450SK2/Y9+
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24h  p450-SK2/DH5a 1% LB
24 h
SDS-PAGE 12
p450-SK2/DH5a

DH5a
Y9 YO+ W3+F9+X1
p450-SK2/Y9 p450SK2/Y9+W3+F9+X1
p450SK2/Y9+W3+F9+X 1
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Alcanivorax borkumensis SK2
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Figure 12 Protein SDS-PAGE electrophoresis of p450 gene
in p450-SK2/Y9

Note: 1: p450-SK2/Y9+W3+F9+X1; 2: Y9+W3+F9+X1; 3:
p450-SK2/Y9; 4: Y9; 5: p450-SK2/DH50a; 6: p450-SK2/DHS5a (no
induction); 7: Protein marker.
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