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Abstract Three bacterial strains were isolated from petroleum—contaminated soil and identified as Rhodococcus sp. based on their 16S rRNA
gene sequences and morphological, biochemical and physiological characteristics. Abilities to degrade petroleum were studied and compared
among three isolates and four strains instored in our laboratory. The seven strains prefered to degrade different component of petroleum re—
spetively. Multiple bacterial consortia were composed by different combination among the seven strains. Consortium D which consists of two
strains of Rhodococcus sp, a Gordonia sp and a Pesudomonas sp showed much higher degradating—oil efficiency than any single strains and
other consortia. Consortium D could degrade 70.3 % of petroleum totally and 71.4% of aromatic component in petroleum in 5 days incubation.
Consortium D could also degrade 99.8% of Cj;_i9 alkanes, 92.6 % of Cyy 5 alkanes 82.2% of Cy_3, alkanes and 90.2% phytane in petroleum.
When consortium D used in bioremediation of petroleum—contaminated soil,it could remove more than 50% petroleum in soil. In condition of
10~30 C, pH 6.5~9.5 and inoculum10°® CFU * g™, the consortium D could degrade petroleum faster. The results indicated that Consortium D
had potential used in bioremediation of petroleum—contaminated soil.
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Table 1 Physico—chemical properties of soil tested and oil
concentration and fraction percentages
H / N/ P/ / /
P gkg! grkg! gkg? grkg! % %
H 78 45 0.19 0.23 44.6 66 12
1.2

NH, 80,2 ¢ K,HPO,*3H,02 ¢
NaH,PO,*H,0 0.6 ¢ MgCl, 0.5 g NaCl 1g CaCl,0.02 ¢

1L pH72, LB S5¢
10g 1L pH7.2,
1.3
250 mLL
100 mL 30 C 7d
30 C 1
LB N

[14]  16SDNA

16S rDNA ()
DNA 16S rDNA PCR
- PCR F 5'-AGAGTTTGATCCTGGCTC
AG-3" R 5'-AAGGAGGTGATCCAGCCG CA -3’
- PCR
10xTaq buffer 2.5 wL. Mg* 25 mmol-L™ 1.5 pL. dNTP
2.5 mmol L7 1.5 pL. 57 10 pmol pL L™ 2
pL 3° 10 pmol pL- L™ 2 plL. DNA 1 pL
Taq DNA 5U pL-L™ 0.5 pL. H,0 15.5 plLL
25 nL. PCR 94 C 5 min 94 °C
30s 52°C 30s 72C 1 min 30 s 30
10 min, PCR
Axyprep DNA Gel Extraction Kit Axygen Biosciences
o GenBank

1.4
5¢-1L7"
5d
w7 ms G i
1.5

LB 30 C 30 h
0.1 mol-L™" pH 7.2

30 C
5d N GC
1.6
LB
0.1 mol-L™" pH
7.2
3 +
D 1 + D 2
+ D . 0.1 kg 8.5 ¢cm
5.0 cm 7.5 cm D
10°CFU-¢™ 30 C
20%. o
5d o
o 3 3
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1.7 pH 3
HCl  NaOH 2,
pH 4.5.5.5.6.5.7.5.8.5.9.5.10.5, 16S rDNA 3
0.1 mol-L™" pH 7.2 Rhodococcus spo
30 C 20% 2.2
5d o 3 3 3
o 1.5 o 4 3 4.5
1.8 Gordonia sp- 6  Comamonas sp- 7 Pesu-—
10.20.30.40 C domonas sp™, 7
20%. 5d 1.2.3 Cis
o 3 3 o 4.5  Cxam
1.5 o 6.7 o
1.9 1.2
17 5¢ 40 50% o 7
C 24 h 5 o
mL 30 s 10 min 3 %
1 Table 3 Degradation efficiency of petroleum by
10 mL 3000 r* bacterial strains %
min™ 10 min 1%
Cio Cox  Cyan
1 Rhodococcus sp. 44.4 304 932 914 431 921
° 2 Rhodococcus sp.  50.3 43.6 862 883 542 542
0.45 pm 3 Rhodococcus sp. 388 642 873 903 374 0
GC o 4 Gordoniasp. 339 412 664 687 625 142
Thermo trace GC UL~ 5  Gordoniasp. 431 565 639 733 732 222
TRA TRB-5 FID .80 °C 5 min 6 Comamonas sp. 20.3 652 793 532 134 0
3 °C-min™ 165 °C 2 min 5C- 7 Pesudomonas sp. 30.3 752 773 364 224 72
min™' 270 C 10 min, 250 C 1.2.3 4.5.6.7
280 C o 2.3
2 113 19-20] 3
2.1 4
14 . 4
2
Table 2 Morphological physiological and biochemical characteristics of strains
1 2 3 1 2 3
+ - -
+ + + V-P - - -
+ + + + + +
w + + w + w
- - - W + +
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Table 4 Degradation efficiency of petroleum by multiple bacterial consortium %
1%
C 13-19 CZ(FZ() C27732
A 1.3.4.5 54 38.4 91.5 78.3 80.7 90.6
B 3.5.7 28.8 45.6 92.7 66.3 29.8 1.3
C 1.2.4.6 37.2 55.9 89.0 90.3 78.6 85.2
D 1.3.4.7 70.3 71.4 99.8 92.6 82.2 90.2
E 2.3.6.7 333 21.1 90.3 69.3 4.5 33.9
F 2.4.5.6.7 16.3 30 78.2 59.3 22.9 8.2
G 1.2.3.4.5.6.7 34 36.9 87.3 68.4 54.2 29.7
° N .GC pH 85
1.3.4.7 D 64.9% 65.9% . D
100 mlL., 4 mL. pH
5¢-L7 7d o
70.3% 71.4% 100 ¢
- pH4.5 -O- pH8.5
° go| ~ pHS.S5 @ pHOS
2.3 59 —&- pH6.5 >¢ pH10.5
1. % 6ol -pHIS
&
o8 wl
44.6 g kg H 304 =
12.6% 15% 20F
D E 1
50% 0 5 10 15 20 25 30
Flaj/d
61.2% . bl
15d 15d B2 118 pH (EIE & ERARARR
24 0 i Figure 2 Effect of soil pH on petroleum degradation by bacterial
’ P consortium D
pH
2. pH4.5.pH 5.5 2.5
o pH o 3
pH 6.5~9.5
. 100
- 10C
40+ 80 | -20C
K < 4-30C
o 30T & 60
i ¥
¥ b ¥
P -0 XFRE = 40
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Figure 1 Degradation of petroleum by bacterial consortium D in

tested soils
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Figure 3 Effect of soil temperature on petroleum
degradation by bacterial consortium D
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20 C 30d o
61.4% 72.4% 10 C
30 C 40 C ° IR
o 3 Rhodococcus sp - 4 Gordonia sp
7 Pesudomonas sp 5d
o 70% °
2.6
4 1.2 Ciss
o 4 Cyxn
10’~10° CFU - g™ 7 0
o 10°CFU-g™
0T e 1pcrug s¢10cRu-g -+ Komukai-
g0 | THI0°CFU-g! -O-10°CFU-g" Nakamura ! o
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Figure 4 Effect of inoculum size on petroleum degradation by
bacterial consortium D 1 3
Rhodococ—
3
cus spo
2 3 4
1.3.4.7 D
100 mL. 4 mL. 5
o Sanjeet Mishra ™ A. baumannii S30 g L 7d
pJES 90 d 70.3% 71.4%
89.3 g kg™ 53.9 g-kg™' Kishore o
Das ™' P aeruginosaM  NM B. sub- 3
tilis 120 d o
10~30 C.pH 6.5~9.5 10°CFU-¢g™
o P. aeruginosa  B. subtilis o
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