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Abstract: Four petroleum-contam inated il samples at different degree were collected and used for ilation of petroleun-
degrading bacterium. 28 petroleun-degrading strains were screened and identified as B revibacterium, Pseudanonas,
M icrococcus and P lesianonas, regectively. There aremore petroleun-degrading bacteria in heavy petroleum-contam inated il
than that in light contaminated il, and B revibacterium and Pseudanonas are dominant petroleum-degrading bacteria A
culture-independent molecular biological method w as applied to analyze the genetic diversity of microbial communities of the
four il samples A pplication of Denaturing Gradient Gel Electrophoresis (D GGE) in this study had provided new ideas for
study of themicrobial community in petroleum-contam inated il The genomic DNA of microbial community w ere extracted
from the four il samples in chamicalmethod, w hich is based on lysisw ith a high salt extract ion buffer (1. 5molA NaCl) and
extend heating (2 to 3 h) of the il supension in the presence of diun dodecy! sulfate (DS), CTAB and proteinase K.

A fter purification of the genomicDNA w ith DNA gel recovery kits, theV 3 variable fragnentsof genes coding for 16S rRNA
w ere anplified by using specificprimers The result of agarose gel (1. 5%) electrophoresis show ed that the PCR productsw ere
about 230 bp. The amplified DNA fragnents were then separated by paralleled DGGE with the denaturant (urea and
formanide) from 30% to 60% to generateDNA fingerprints, ninemajor bands from D GGE profilesof the four sanplesw ere

(200115017); (032319)
: 2004-08-22; : 2005-09-14
(974 ), , , . Email: rensz@163 com
* A uthor for correpondence E-mail: ebiotech@gdas ac cn

Foundation item: Provincial N atural Science Foundation Team Item of Guangdong (No 015017); Provincial N atural Science Foundation of
Guangdong(Na 032319)

Received date 2004-08-22; Accepted date 200509-14-

Biography: REN Sui-Zhou, Ph D. candidate,mainly engaged in environmental microbiology. Email: rensz@163 com



12 : 3315

eluted from gel, then reamplified and sequenced The results suggested that they belonged to 2 OTU s at 97% homo logy
cutoff, 4 OTU s shared 97% 100% homology with known sequences in the database, while 3 OTU s had 91% 95%
homology with known sequences The ilates from 8 OTU s grouped together with some uncultured eubacteria in the
database A phylogenetic analysisof 90 TU sclassified them into threemajor groups theOTU 2 lineage and theother 80OTU s
lineage, the latter w as classified further into 6 subgroups T he results indicated the diversity of il microbesw as significantly
correlated w ith the degree of petroleum contam ination Ow ing to the selective pressure of petroleun pollutants, therew as less
diversity of microbes in heavy contaninated il than that in light contaninated il Sequences alignment results show ed
M ycobacterium and B acillus bacteria are dom inant population in light contaninated il and Flavobacterium and A zogira are
dom inant population in heavy contaminated il The resultsof GCM S indicated the degree of contam ination, egecially the
content of aromatic hydrocarbons affect the diversity of il microbes The petroleum-degrading strains iolated in this study
will be good candidates for bioremediation of petroleum-contaminated ils, and the analysis of the microbe diversity in
petroleum-contam inated ilsw ill offer a valid scientific basis for better bioremediation of petroleum-contam inated il

Key words petroleum-degrading strains community structures 16S DNA; DGGE,; seguencing
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55 ,72 Imin 55 15 , 72 min, 1. 5%
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Table 1 D istribution of microbes in different soils(CFU /q)
1 Sample 1 2 Sanple 2 3 Sanple 3 4 Sanmple 4
M icrobes type a b a b a b a b
Bacteria 7.2x 107 1.2x 10*  5.4x 10°  6.8x 10*  4.4x 10’  8.5x 10°  2.1x 10° 4.1x 10
Fungi 3.2x 10* 2.0x 10* 8.1x 10° 3.9x 10t 3.8x 10° 5.7x 10? 6.1x 107 8.9x 10*
A ctinomycetes 4.6x 10° 1.5x 10t 1.3x 102 5.1x 10t 1.9x 10* 5.4x 10t 9.2x 10? 5.1x 10t
48h The judgement criterion of oil-philic bacteria the

clones appearing on themedium using petroleun as le carbon sourcesw ithin 48h; a Total microbes b: O il-philic microbes
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, 180 , 20% 28
2
2
Table 2 The degradation rates of petroleum by isolated m icrobes
(%) (%) (%) (%)
Y-62 21.6 1 Y-112 38.2 2 Y-111 26.1 3 Y-160 26.5 3
Y-101 385 1 Y-116 327 2 Y-113 354 3 Y-41 41 3 4
Y-117 30 8 1 Y-141 40 5 2 Y-143 387 3 Y-60 28 3 4
Y-120 250 1 Y-159 312 2 Y-114 331 3 Y-104 36 4 4
Y-21 26 4 2 Y-59 312 3 Y-151 353 3 Y-109 24 7 4
Y-55 20 7 2 Y-66 401 3 Y-156 378 3 Y-118 48 7 4
Y-63 25 7 2 Y-68 27. 3 3 Y-157 355 3 Y-155 20 4 4
The naneof strains Degradation rates(%); The number of il sample
2 , 40% 4
12 1 ., 34 3 30% 40% 13 12
5 , 34 8 )
2.3
28 , 3
3 28
Table 3 The identif ication characters of the bacter ia for degrading petroleum
Genus Inlated m icrobes
B revibacterium Y-109 Y-111 Y-112 Y-117 Y-118 Y-141 Y-143 Y-144 Y-151 Y-156 Y-157 Y-159 Y-160
P seudanonas Y-21 Y-41 Y-55 Y-59 Y-60 Y-62 Y-63 Y-68 Y-120 Y-113 Y-116 Y-155
M icrococcus Y-66 Y-104
P lesian onas Y-101
28
) , 28
30 12,
4
2 )
1 3 20% ,
3 3 )
2.4
) DNA ,
16S rRNA V3 )
233bp 16S rRNA V3
DGGE (D, 4 16S DNA
V3 D GGE
DGGE 4 14 DGGE
Shannon 11. 999 14.537 12.29 7.247, 4 Fig 1 DGGE profiles generated from four petroleum-contam inated
2 3 4 il sanples L anel, Sample 2;

2 3 L ane 1, Sample 1;L ane 3, Sample 3;L ane 4, Sanple 4

24 © 1994-2006 China Academic Journal Electronic Publishing House. All rights reserved.  http://mmw.cnki.net



3318 25

1 4 abcd 1 , rs 4 gm hn 23
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4 D GGE 14 DNA )
16S DNA (V3 ) : 9 DGGE :
(Operational taxonom ic unit,0TU ) , 9 9 GerBank,
4 GerBank Y \9 ©Tu)
4 9 OTU  GenBank
Table 4 Themost closely matched species of 9 partial 16S rD NA sequences in GenBank
A ccession GerBank (%)
OTUs num ber Closely identified relatives in GenBank database Smilarity
A F547964 My cobacterium septicum strain CIP 106642 100
oTU1 A F547963 My cobacterium senegalense strain C1P104941 100
1a A Y 695075 A F547958 M ycobacterium porcinum strain DSVl 44242 100
A F547956 My cobacterium peregrinum strain CIP 105382 100
A F547921 My cobacterium f arcinogenes strain DV 43637 100
A 'Y 608605 B acillus litoralis strain D-1, 5aT 100
oTU?2 A J276809 B acillus strain LM G-19415 100
1-d A'Y 695076 A J781029 B acillus herbersteinii strain D-1, 5aT 100
AJ316317 B acillus strain LM G 20243 100
AB062678 B acillus stvain M K03 100
A F128872 Pseudanonas . b53 95
oTU3 A F482685 Pseudanonas . NmX 95
1+ A 'Y 65077 A 'Y 039425 Soil bacterium N S9 95
A J296560 U ncultured bacterium GV -Sh1-163 95
A J534849 Pseudanonas . DW 101 95
U 58019 Thiobacillus aquaesulis 99
oTU4 A J307983 Propionivibrio limicola strain GolChil T 99
2-h A 'Y 695078 A 'Y 297807 B eta p roteobacterium pA CH91 99
A 'Y 297805 B eta p roteobacterium pA CH89 99
AB 066262 Thauera . DNT-1 99
A J295642 Uncultured bacterium. KF-Gitt2-47 97
OTUS A F445251 Sw inemanure pit bacterium PPC1 95
2k A'Y 695079 A F445250 Sw inemanure pit bacterium PPC87 95
A Y 554420 B acteroides gp. 22C 98
AB064832 Uncultured Prevotella 9. 91
A J295643 U ncultured Thiobacillus 0. KF-Gitt2-40 91
oTUS A J224618 B eta p roteobacterium 5Z-C1 90
3m A'Y 695080 A J224617 B eta p roteobacterium TBW 3 90
M 79426 Thiobacillus thigparus 90
A J243144 Thiobacillus denitrif icans strain NCM B 9548 89
A J318192 U ncultured beta p roteobacterium clone B |uii29 94
oTU7 A'Y 238499 A lcaligenes 9p. 92 93
30 A'Y 695081 X92415 A lcaligenes 9. 93
A J133493 A Icaligenes 0. CCU G 36768 93
A Y 162074 B eta p roteobacterium GM D 36F11 93
A Y 337599 B acteroidetes bacterium EC2 o7
A'Y 162137 ; 97
OTU8 F lavobacterium . M TN 11
A'Y 695082 A 'Y 599661 ) ) 97
4-r A 'Y 336561 Flavobacterium . TB4-10-1IF lavobacterium . pf32 95
A E408950 Pedobacter 9. EIlin108 94
A 'Y 297807 B eta p roteobacterium pA CH91 100
oTU9 A 'Y 297805 B eta p roteobacterium pA CH89 100
4-s A'Y 695083 X85435 A zoarcus . 6a3 97
A'Y 126453 D echlorosoima . PCC 96

A J009466 U ncultured bacterium SIA -52 96
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m 1-f 3-0 6 OUT , OUT 1-a ,  Group
I 5 , 4 ,OUT 1-f GroupVI,OUT 3-0 GroupV,OUT 3-
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93 Swine manure pit bacterium PPC1
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100 2-k
61 Flavobacterium sp. MTN11 Group II
100 82 E Flavobacterium sp. TB4-10-11
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L 4
100 ,7 l-a
100 86 Mycobacterium porcinum strain DSM Group IIT
] LE: Mycobacterium senegalense strain CIP
Mycobacterium septicum strain CIP 106642
98 100 Beta proteobacterium pACH91
E 4-s
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48 —————— Dechloromonas sp. STUL Group VI
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Fig 2 U nrooted neighbor-joining tree of bacteria identified from the sequences of four petroleum-contaninated il sanplesD GGE bands
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