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Abstract: An oil-contaminated groundwater sample was collected at an abandoned petrochemical factory. Bacterial genome DNA was extracted
for the 16S rDNA gene amplification> and then a bacterial 16S tDNA gene clone library was constructed. After the phylogenetic analysis of 16S
rDNA sequences; bacterial diversity and community structure of the groundwater were studied. The results showed the bacteria in the
groundwater could be divided into 10 groups, which were as follows: ¥- Proteobacteria(49.1% ) s a- Proteobacteria( 12.9% ) » 3 Proteobacteria
(11.1% ), Bacteroidetes (9.2% ), Verrucomicrobia ( 6.7% ) Acidobacteria (2.5% s &-Proteobacteria (1.2% ), Actinobacteria (1.2% ),
Planctomycetes(0.6% ), Unidentified bacteria(5.5% ). ¥- Proteobacteria was predominant in the ecosystem (near 50% of total clones), and
especially Pseudomonas accounted for 35.6% of all bacteria. Many clones also affiliated with other degrading bacteria, such as Sphingomonas
Rhodococcus » Brevundimonas . Furthermore, a lot of 16S rDNA sequences in the clone library had high similarity to the ones originated from
similar polluted environments; such as soil and groundwater contaminated with chlorinated hydrocarbon, soil and groundwater contaminated with
polycyclic aromatic hydrocarbons soil contaminated with PCBs; antibiotics production wastewater and activated sludges which proved that there
were lots of degrading bacteria population in the oil-contaminated water.
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Fig.1 Schematic diagram of a petrochemical contamination site
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TN-TP- COD Wl ik /7 ¥ 2 WL SC#k (5] 7K o 4t i
SO 52 SR F 2 TR R RSP ARG 7R LS
YR BRI R F SO € ST v AT I, P HIAX
W5 R Agilent 5973/6890, VOC Mk 4K 3 77 7% A
US EPA METHOD 524.2, SVOC MR A5 75724 US
EPA METHOD 8270C, &3 41 43 VM 4. 4y « FE 3 40 7y
WsE 2 WCHRES .
1.4 HUR/KHP 40 B DNA 325X

B2 LKFEECEHUE T 0.22 pom 20 R PEME -, 05
PEMSR T 10 mL LB A Kb R 3E S 10
min, SR 5 PR IR0 S 52 T A1 4t L 5 4 30 N %
.10 000 r/minfZ5 0 3 min WA B 44 . ] STE 220
WS 1 CRERE 10% , Tris-HC1 50 mmol/L, EDTA
10 mmol/Ls NaCl 100 mmol/L, pH 8.0); %X J5 H STE 2%
MO BRTT , TN T4 I 28 24 % 5 mg/mlL, 37°C 7K
WAL B 30 min, AR E M B AR K 2 &K E 3
mg/mL, SDS A 2K 2% , 50°C /K # Ab B 45 min; 45
PRI ST BB 2 W, B Vs ) B W A
10%(1 3 mol/L £ B8, T I N &5 A R 1) 52 1A et
~20°CJHE 1 h; 12 000 r/minfZ5 0> 10 min, 7+ 13 U
TWEH 75% I QBT 10 BAR T, 5 H 50 pl
T KRR, M 1 pLREEA 1 pg/mLI) RNase.
1.5 16S rDNA &R 4K 11 PCR ¥4

i 40 R 16S tDNA 18 H 519 1681(5'-AGA GTT
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R & 30 %

TGA TCM TGG CTC AG-3')F1 1652(5'-TAC GGY TAC
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BIRR, PCR 3 38 B o (0 AH B 25 X PCR = Y. 4% £
g TRASPE 45444 95°C 5 min, 94°C & ME 30 s, 52°CIE
K 30 s M 72°CLEAH 2 min, 3£ 35 MEH, & J5 175 72C
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FEL RS
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AAT ACT C-3" 00 519, UL/ VR 1R A 9 B, PCR 1
S UE e N BRI (8 DR /D 5 95 B P e B O 4 11
BRI v B DR AT T35 17 20% H AT 100 pg/mL 2 R
BN LB IR, — 70°CIRIK .
1.7 BEPKISCPER) ARDRA 73 2

¥ 519 T7 F Spe %55 Hi A BH % 52 B PCR 7~
W, A H BRI N YIS Hha 1 F1 Msp 1 (Promage 2
FADVEATEEY) 2007 WD) ) NAEH] 20 pL AR R, B4
2 pl. Buffer, 1 L WYIEE, 10 uL PCR 779, 18 pl W&
K. Hha 1 T 60°CHFV) 4 hy Msp T T 37°CHGEV) 4 h.
WD =00 FH 2.9 S5 I B 6 s Lk, 48 BB Bt )i, A
FHEEIE AR AR AH . ] Quantity One HEBR AL B R G057
M U 3%, 1 € ARDRA ZEA8U4H
1.8 JPHIE M RGE K E 0T

TEHUEEFT ARDRA 28 1A% 3% o B W 5 . 0 ) T
e b T5e i, RGP0 f5, 1 56 RDP I s
) Chimera Detection F& /3Kl & 75 45 Hx 5 A7 1E .
SRJ5 H Dutor BRAT XS T 1977 51 ik — 2 43 28, 5 B AH
) 3 410, A0 0 il 26K P 159 5 41 4 N NCBI
37, FHl Blast #2)75 GenBank + EMBL + DDBJ + PDB
CA T UREAT LEXF, 1 SAR AL d5z e 1R 5 271 FAH
PR = B AR e SR 2 2% KA 5 H
BioEdit "' ClustalW F2 /7 LX) J&, Hl MEGA 4.0 # A%
SHRERKEN .

2 ZHR5WE

2.1 FES YAk 2 1
PZHL N OKEE S FEAK IS Hn 2 1 s K
FERY COD 1A 37.49 mg/L, A4 I AR A 1) AH

[FJVR FE 1 7K COD XA 10.48 mg/L, iEW]) X A g
I 50 m IR AR Hs R 7K 32 31 1 P B 0T e
RYEFHIGEY XN 1, 1-— A L He, 18 25.4
pe/ L ARV LTS G 120 JE K 636 ng/Ls 4
38.8 ng/L; dF 87 ng/L; S /N7N/N 3.08 ng/L, UE WL~
VGREZZS Y IR e | S e Ea A < e
I3 S VS QR IR v A 68.8 /L.
F1 KRB SR

Table 1 ~ Characteristics of the groundwater sample

ZH WEM |28 I 5E (H
pH 8.07 JEMi/nge 17! 636
COD/mg*L.~! 37.49 Yjng*L~! 38.8
TN/mg*L~! 6.75 A /mge 17! 87
TP/mg*L~! 0.54 ISV AVAVAVITL) Pl 3.08
L3 /pS em ™! 551 VM RAL T /pge 1! 15.9
40 S0 Cru 8.63 x 10° | S K41 73 /pge 1! 68.8
L -5 Lheipg L=t 25.4 ERIES IV 25.0
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AWFFE A TR L DNA $EHUES Fan i 2 Bros, Ik
1,2 I PATHE T DNA F BEK/NZS Dy 23 kb, TF
W CRASH e BRI FE IR 21 DNA . BT 42 B0 40 1 5%
[KIZH DNA ) A260/4280 LLAE7E 1.83 47, H: DNA
(R4l BE s, i LA #:H T PCR.

2 2 DNA REER&R
Fig.2 Extracted genome DNA of bacteria
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Fig.3  Amplified full-length 16S rDNA
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Fig.4 Evolution of representation clones obtained from the

contaminated groundwater sample

2.5 HURKAEZ AR MRS R T T

W 45 M EE AL AL 9 13 21 N RDP K i, A
Classifier PP e RGUR B RAE . 45 LW, SO
AT 165 S FHTETCFE ) 16S tDNA 7 517) )& 10
A0 KB Can 5D, 4 9 e y-Proteobacteria
(49.1% )~ a-Proteobacteria (12.9% )~ [ Proteobacteria
( 11.1% )~ Bacteroidetes ( 9.2% )~
( 6.7% )~ Acidobacteria ( 2.5% )~  5-Proteobacteria
( 1.2% )~ Actinobacteria C 1.2% )~
(0.6% ) H1 Unidentified bacteria(5.5%) .
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Fig.5 Proportion of each phylotype in the clone library
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MFE 2 W LLAE 1% it e R KRR S b 4
B VR 22 AN B 8 81 2% 5 0% R I, G B 4 e
( Pseudomonas )~ ¥ T 50 T4 C Sphingomonas ) FTZLER
B4 C Rhodococcus )55 . Wbk, ST 7 BEIF) 16S vDNA
J7 51 55 VF 22 R ABM R ¥ e g iy R I BRI o e A AL
PEAR &, W SUARRE TG G I L33 S R 7K 2 30 05 kv
LR 3 M T K 2 SR TS G i) 3 PR AR
PP IR BG5BT, KA VF 2 A1 1) 16S
rDNA 7590 5 5l R b 8 A7 A P SUAR B BE LA,
IRZHNELE 96% LA, iy H L S AT iR 2 80y
KB IR A, AE 3K & — AN EL R R I AR 2%
HE 5 2 AR A BT B 40 v 1) 1R 4 4 K

N T T RIS T RGO B AL B T
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Table 2 BLAST analysis of 16S rDNA sequences of bacteria in the oil-contaminated groundwater
by BRI 9 R B P B A A E T [ %
Uncultured Sphingomonadaceae bacterium clone MKC17 in soil contaminated with
248 0.6 a- Proteobacteria chlorinated h;)drufarbons (EF173348 ) %8
2-4-16 0.6 a- Proteobacteria Uncultured pyrene degradaing bacterium clone PAH-Bio-66 (DQ123731) 99
2-4-27 0.6 a- Proteobacteria Sphingomonas sp. HI-K4 97
2-4-40 1.2 a-Proteobacteria Uncultured bacterium clone PK_ V in soil contaminated with semi-coke ( EF540436) 99
2-4-43 1.2 a- Proteobacteria Brevundimonas sp.28/28-Antarctic hydrocarbon-degrading bacteria (DQ310472) 99
2-4-115 1.2 a- Proteobacteria Uncultured eubacterium WD2107 polychlorinated biphenyl-polluted soil ( AJ292610) 90
2-4-20 5.5 [ Proteobacteria Hydrogenophaga sp.Rs71 in benzene-contaminated sandstone aquifer ( AM110076 ) 99
nculture 2 rote rium  clone  CLi51 PCE-contaminated ~ si
2471 )5 B Proteobacteria EJA?; ;;;;6 )beta proteobacterium clone CLi51 at a PCE-contaminated site %
2-4-4 2.5 - Proteobacteria Uncultured bacterium clone D44 in penicillin G production wastewater (EU234314) 92
2-4-6 1.8 - Proteobacteria Aromatic hydrocarbons degrading bacterium clone 12 in aquifer ( AY250091) 96
2-3-10 4.3 - Proteobacteria Hexane degrading Gamma proteobacterium MN 28 (AJ555478) 95
2.4.18 0.6 7- Proteobacteria (P];m(;jg:;)orf; sp. CT-1 in naphthalene degrading soil enrichment cultures 03
2-4-32 4.3 - Proteobacteria Gamma proteobacteria MN 154.3 in hexane degrading biofilters ( AJ313020) 94
2-4-37 0.6 - Proteobacteria Pseudomonas avellanae ( AJ3889838) 95
2-4-64 1.8 - Proteobacteria Hydrocarboniphaga sp.B2-9 (EU313812) 96
2-4-113 31.3 7-Proteobacteria Pseudomonas sp. CT-1 (DQ984204) 99
2-4-114 1.2 7-Proteobacteria Pseudomonas sp. CT-1 (DQ984204) 96
2-4-170 0.6 7-Proteobacteria Pseudomonas sp. GmFRB024 ( AB369338) 91
2-4-47 1.2 - Proteobacteria Uncultured bacterium clone 215b2 in in Baltic Sea sediment (EF459952) 96
2-4-25 1.8 Bacteroidetes Uncultured bacterium clone M0509-78 in activated sludge (EU104155) 99
2-4-26 2.5 Bacteroidetes Uncultured bacterium clone 57-ORF18 in wastewater ( DQ376571) 92
2-4-101 3.1 Bacteroidetes Flavobacteria bacterium KF030 ( AB269814 ) 99
2-4-14 3.7 Verrucomicrobia Uncultured bacterium clone FFCH4250 in soil (EU135408) 92
2-4-50 3.1 Verrucomicrobia Prosthecobacter sp.FC1 (PFU60012) 97
2-4-52 1.2 Actinobacteria Rhodococcus sp . djl-6-2 99
2-4-63 1.8 Unidentified bacteria Uncultured bacterium HOCICi9 in drinking water system ( AY328558) 87

AR FER AR RN RERE
K&,

(1) a-Proteobacteria  a-"% JE AT T 24 1 41 B 4 K
ZHOLFEFRRAY, HREAE A X 2R 1078 IR 30 58
A EL AR AR S BRI A G Y R K (H
‘B COD RAT 37.49 mg/L, AHXS T~ K1 e v e
WECRYE, R RREFY BRI T L, 1K
AT ALESCPER T LIk 12.9%, =R TR AR
RHHE . ILrh, 7B 2-4-43. 2-4-103. 2-4-124 J& T
T3 M B 8 C Brevundimonas ), e 2-4-43 1
GenBank "I AR A Brevundimonas sp.28/28, FH LA
PEIE 999, 3K 1 R AE R M A BIL TR e 288 e At 1
6) . Brevundimonas J& " I VF 2 B B A A 5HH

15 EIER W1 Brevundimonas diminuta MG 7] 7= /E
XL Tt 7K AR, LA o) TS Tl e o vl b 0T 0 B 22 10 R
PR e AR G R I 2 5 g, R — AR R B A Bk
KA KIEAER], IF HBRA R IZ 1 pH AL B2 70
') T S 2-4-84 2-4-16+ 2-4-27 J& T H %UE Lff
PAEL ( Sphingomonadaceae ), & AT 78 kAL B4 1 58k —
Be Horp vl B 5 2427 J& T8 & RN E 8
( Sphingomonas ) » 2 Je& 240 T DX 40 JHa € P 25 A 2k (1)
BRI 20 B R R R B R R H ot 2
IR PESE SN cE L oR
PCBs- T BRH NN RS i &
TGP ARG e 2-4-80 1518 A KU T
( Bradyrhizobium ) 17 55 2% K F FC AT, 1% Je8 4 141 1)
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65 2-4-4

Uncultured bacterium cone Jf j-ICE-Bact-21 (AJ867755)

Uncultured bacterium cone D44 in penicillin G production wastewater (EU234308)
Uncultured gamma proteobacterium GR-296.1.104 in uranium mining waste piles (JA301567)
2-4-10

Gamma proteobacteria MN 28 in hexane degrading biofilters (AJ555478)

2

Gamma proteobacteria MN 154.3 in hexane degrading biofilters (AJ313 Oi(})

Uncultured eubacterium WD280 in polychlorinated biphenyl-polluted soil (AJ292674)
2-4-64

Hydrocarboniphaga sp. B2-9 (EU313812)

10023?<lzt8erium 1J4 in phenol-digesting activated-sludge (AB021322) Gamaproteobacteria

99

Aromatic hydrocarbons degrading bacterium clone 12 in aquifer (AY250091)
Uncultured bacterium clone ¢18 in radionuclide-contaminated subsurface sedimet (EU236231
2-4-6
Pseudomonas sp. GmFRB024 (AB369338)
2-4-114
2-4-37
Pseudomonas mandelii that can degrade nonylphenol in cold environment (AY179326)
Pseudomonas sp. CT-1 in naphthalene degrading soil envichment culture (DQ984204)
2-4-113
100 Pseudomonas sp. GmFRB024 (AB369338) d
47 rUncultured beta proteobacterium clone CLi51 at a PCE-contaminated site (AF529336)
Uncultured bacterium BPC087 in hydrocarbon seep sediment (AF154097)
Herbaspirillum sp. B501 (AB049133)
2-4-71
2-4-65
Uncultured bacterium clone AH74 in soil (AY963367)
Methyloversatilis universalis (AY436796)
100 Lf 2-4-92
100" Uncultured bacterium clone EV818SWSAP 42 in subsurface water (DQ337076)
1 086 Uncultured bacterium clone BANWS560 in chromate-contaminated aquifer (DQ264529)
zUilcg’}tured bacterium clone BANW483 in chromate-contaminated aquifer (DQ264468) | Betaproteobacteria
751 2-4-69
100 Vyncultured Pariovorax sp. clone AV _SN-G04 (EU341214)
08 Variovorax sp. WPC174 (FJ006917)
2-4-20
00 Hydrogenophaga sp. Rs71 in a benzene-contaminated sandstone aquifer (AM 110076)
Hydrogenophaga sp. CL3 in sediment (DQ986320)
2-4-70
100 I Bacterium BH3O1 in a river-recharged aquifer (AY928221)
51~ Rhodoferax ferrireducens (AF-435948) d_
81 — Uncultured bacterium clone 43C_MIK in soil contaminated with semi-coke (EF540365)
> 4Un3cu1tu1'ed pyrene-degrading bacterium clone B120 in deep-sea sediment (EU360296)
-4-5

100

100

Alterierythrobacter epoxidivorans strain JCS350 (DQ304436)
Uncultured bacterium clone 101-127 in natural asphalts (EF157278)
2-4-8

L] 100
97 Sphingomonadaceae bacterium KMM 6042 (AY676115)
2-4-27
Sphingomonas sp. HI-K4 (DQ205308)
Sphingopyxis sp. Tibet-S753 (DQ177493)
100 $0o4
84 Uncultured bacterium clone 054E02_B_DI_P58 an anaerobic sludge digester (CR933219)
__| Y] Uncultured bacterium clone UWL_CL-110620_OTU-16 (EU809381)

2-4-115
1 99 Uncultured eubacterium WD2107 in polychlorinated biphenyl-polluted soil (AJ292610)
12-4-105 Alphaproteobacteria
100 |LUnculmred gamma proteobacterium clone AS13 in activated sludge (EU283353)

95 ~Uncultured sludge bacterium S7 in activated sludge (AF234717)

00,2-4-40
410&EIUncultm"ed soil bacterium clone PK_V in soil contaminated with semi-coke (EF540436)
Rhodobacter changlensis (AM399030)
100  Uncultured alpha proteobacterium clone Cl-16-TB4-1I (AY599674)
I_E[ Bradyrhizobium sp. CCBAU 85057 (EU256463)
0

| | 2-4-43
58 |—| Brevundimonas mediterranea strain V4.BO.18 (AJ244706)
Brevundi sp. 28/28 (DQ310472%
Brevundimonas sp. EMB102 (DQ372984)
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Fig.6  Phylogenetic analysis of Proteobacteria in the groundwater based on 16S rDNA sequences
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Fig.7 Phylogenetic tree of other bacteria in the groundwater based on 16S rDNA sequences

AR CTERVA JE AN TR RE R A R e TRy SRR
B K L 3 2 85 2 R A A7 05 e, ¢
TR I B B U A s Rk, ©A K Sk a2
3 &g

COFMTE G N K51 10 DS ZEEE 7951
1 y-Proteobacteria~ a- Proteobacteria ~ [ Proteobacteria ~

Acidobacteria~ -
Planctomycetes Al

Bacteroidetes Verrucomicrobia ~

Proteobacteria~  Actinobacteria ~
Unidentified bacteria.

(2) y-Proteobacteria 1E %A1 Y5 G~ /K J& T
EFHAL, P LB ik 49.1% .

(3 A G iy T K R A7 DK E 1 g T A,
e Mg ( Pseudomonas )~ 4 & B £ iy
( Sphingomonas )~ 1. BK B C Rhodococcus )~ 74 % F. il
( Brevundimonas )~ Wi 2 J& C Hydrogenophaga )+
Methyloversatilis~ Hydrocarboniphaga 55 . W1 22 FE 14 [
i R A AE L S N KR A 2 R A iy s R )
HUIM R .

S k-

1] BRI, KRB ST QM) XA b A il s i 40 A
AR L], B B R 2  CH SR BE), 1998, 34(3): 371-
375.

RV, RO S0 G T R A LS B (R A 1. 9
Co]. A a3 CRhn 1), 2001,17¢4): 87-96.

FINEAE, TN, ihes, 45 RS R FLIR A 52 & & SFC-2 1Y
P Je LA 1 2 REPERIE L ). 38 355 B 22, 2007, 28(5): 1088-
1094.

[2]

[4]

Nercessian O> Fouquet Y, Pierre Cs et al . Diversity of Bacteria and
Archaea associated with a carbonate-rich metalliferous sediment
sample from the Rainbow vent field on the Mid-Atlantic Ridge [ J].
Environmental Microbiology»2005,7(5):698-714.

FINMRSR MR I 23 M7k M. CBE DU RO B 5T
Pl A BTRE 2 i 2002,

|, M i, AR TR R B R Ge eI M ] LAt Ak T
A A 2007

Happer L L; Mcdaniel C S, Miller C E; et al. Dissimilar Plasmids

[5]

[6]

L7]
Isolated from Brewundimonas diminuta MG and a Flavobacterium sp.
CATCC 27551 ) Contain Identical opd Genes [ J 1. Applied and
Environmental Microbiologys 1988, 54: 2586-2589.

Nam I H> Kim Y M Schmidt S; et al . Biotransformation of 1,2, 3-Tri-
and 1, 2, 35 4, 7, 8-Hexachlorodibenzo-p-Dioxin by Sphingomonas



2472 7N 53

B

P

% 30 &

[o]

L10]

[11]

[12]

[13]

[14]

wittichii Strain RW1 [ J]. Applied and Environmental Microbiology
2006,72(1): 112-116.

YRRV, W, PR A, S5 U5 NG B A# B Sphingomonas sp.
JQLA-5 v gL M LW Ly B8R4, 2007, 28(5):
1121-1125.

Fahy A> McGenity T J> Timmis K N. Heterogeneous aerobic benzene-
degrading communities in oxygen-depleted groundwaters [ J1. FEMS
Microbiology Ecology,2006,58(2):260-270.

RS, B AR, WAy, 55w iE Ve ZE B R A B Hydrogenophaga
Palleronii LHJ38 IIAFFEL 1] AL T3 ER, 2006, 26(2): 87-90.
Finneran K T Johnsen C V> Lovley D R. Rhodoferax ferrireducens sp.
nov. » a psychrotolerant, facultatively anaerobic bacterium that oxidizes
acetate with the reduction of FeC [l ) [J]. International Journal of
Systematic and Evolutionary Microbiology, 2003 53: 669-673 .
Kalyuzhnaya M G> Marco P D> Bowerman S; et al . Methyloversatilis
universalis gen. nov.> sp. nov., a novel taxon within the
Betaproteobacteria represented by three methylotrophic isolates[ JJ.
International Journal of Systematic and Evolutionary Microbiologys
2006, 56: 2517-2522.

Heinaru E, Truu J Stottmeister U et al . Three types of phenol and p-
cresol catabolism in phenol- and p-cresol-degrading bacteria isolated
from river water continuously polluted with phenolic compounds [J].

FEMS Microbiology Ecology, 2000, 31(3):195-205.

[15]

L16]

[17]

[18]

L19]

[20]

[21]

Soares A, Guieysse Bs Delgado O et al. Aerobic biodegradation of
nonylphenol by cold-adapted bacteria [ J]. Biotechnology Letters,
2003,25(9):731-738.

Gupta S K> Kumari Rs Prakash Os et al . Pseudomonas panipatensis sp.
nov. » isolated from an oil-contaminated site [ JJ. International Journal of
Systematic and Evolutionary Microbiology»2008,58: 1339-1345.

Popp N> Schlomann M>; Mau M. Bacterial diversity in the active stage
of a bioremediation system for mineral oil hydrocarbon-contaminated
soils L J]. Microbiology, 2006, 152: 3291-3304.

Bordenave S, Soledad M> Caumette P> et al . Effects of Heavy Fuel Oil
on the Bacterial Community Structure of a ristine Microbial Mat [ JJ.
Applied and Environmental Microbiology,2007,73: 6089-6097 .
Palleroni N Js Port A M» Chang H K> et al . Hydrocarboniphaga effusa
gen.nov.»sp.nov. s a novel member of the Y-Proteobacteria active in
alkane and aromatic hydrocarbon degradation [ J 1. International
Journal of Systematic and Evolutionary Microbiology, 2004, 54: 1203-
1207.

YuB,> Xu P> Shi Qs et al. Deep Desulfurization of Diesel Oil and
Crude Oils by a Newly Isolated Rhodococcus erythropolis Strain [J].
Applied and Environmental Microbiologys 2006, 72: 54-58 .

Ohhata N> Yoshida N> Egami H. An Extremely
Bacteriums Rhodococcus erythropolis N9T-4, Isolated from Crude Oil
L] Journal of Bacteriology» 2007, 189: 6824-6831 .

Oligotrophic





