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Dynamic Properties of Microbial Communities and Aromatic
Dioxygenase Gene during Oil-Contaminated Soils Natural Aging
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Abstract : This paper aims to investigate the change rule of bacteria and aromatic dioxygenase gene diversity
in oil-contaminated soil with different years from Zhundong oilfield, Xinjiang, China. The oil-contaminated and
background soils of three different pollution years were collected in the same oil exploring area, and the soil physical
and chemical properties were detected. The V4-V5 hypervariable regions of bacterial 16S rRNA gene were amplified
and sequenced and the aromatic dioxygenase gene clone library were constructed with the different soil samples.
The 16S rRNA gene sequencing results showed that the bacterial community structure and diversity are similarity
in different background soils and the bacterial diversity in the soil polluted for 1 year is similar with that in the
background soils. There were some differences in bacterial community between the samples of 3 years and 5 years
of pollution, but there was little difference within the group respectively. 46 OTUs of aromatic dioxygenase gene
were obtained, and the GenBank accession numbers were KY985598-KY985643. After the homologous analysis, the
aromatic dioxygenase gene library were divided into five groups, which were phthalate dioxygenase gene, uncultured
actinobacterium aromatic oxygenase gene, naphthalene dioxygenase gene, PAH ring-hydroxylating dioxygenase
gene and benzoate dioxygenase gene. There were significant differences in the dioxygenase gene types in soils with
different oil pollution years. The correlation between microbial community with environmental factors of soils with
different pollution years were analyzed. The results showed that the microbial community structure and abundance
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changed regularly with the increase of pollution years. The paper implied that some microbial species and functional
genes can be served as a molecular standard to estimate the degree of aged oil sludge in contaminated soil of
Zhundong oilfield.

Key words : oil pollution; polycyclic aromatic hydrocarbon; microbial diversity; functional gene; dioxygenase
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AR S STEFREE Th BN KA R, Hdh o5 e BAA e M2z P BT SRR a it A= WA i 1l o
T2 A FF R STEIE PR ILHED . i His 240 i £ 3555 1% (Polycyclic Aromatic Hydrocarbon,
PAH) i AR A e 5 4l TR 2 A BURVE B9 A 3 DGR BE TS Yo (). Shahi &5 MRS T A 5 s 1
WAEYME i B A Y R ReSE R AR AL , S5 R T W RS AL D) B R 22 25k T IR e 5 it
PR W 7 . HanZ5 B3R S0 SR EWTIE pdol , nahFIC120 =4 I KR G L £2 ) PAHTS 2+
Berb i 21 BAEXT R, G55R WoR pdot Flnah LK - BE S PAHE L EARDG , AT DMV PAHTS QLA B2 i Fa
Y. DA R, s G B 5 o fe vh A Wi 4 A S PARRE fift BRI A A A A LA, B A his g+
e A AR ES E H R SAFE A LR R

T Pt 5 7 SR I S TR AE T RIS A I AL TP IR | X2 5 A SR R it i) B A B, D5 A R AU 4 i
B FAFAR R EIREL 10, FFF RN R R T Rieske BUE 141 RN EBEZEDY , HolV 3 BAT & B
PREFEEF 213 PR DS A R AU B i o I S RSP ST I 5 1), TEPR SRS 2 005 SR i D RE A
5 A5 2105 3 A P ). DRI A T T G 398 A SR 2 Ak B XU A= R D 28 R = B A AR A R AR, X T
VEAS A S G AR, JTHE AN B R T R B A — N E. (B B RTE e b - e amis 4 A
SREAL IR AR W BSR4 BORUn S 3 PR (R ATF 9 A 416

AR SCOFFE XA Tty R BRI A Rp U RE b, SV URITE , VSRR 322k B 8] Rl LU R A 28 2
Fa b PN 5 T e M R KU ™y, R Y45 DX e 2 (8] ARV 0SB P 2 R PR o g S, L[] — X R v
YA A ENFE R AR . R AR SCOR AR R — SR 3 DX 38 PN A R S 75 AT B B D 5 498, SR FH s 38 e e
B RIREA T U WY R BRSSP AR A, R F S R SR 4 A 5 A R U AUl R R 222850, o i A
SREA IS R AR Y TR S T RS R AR A A

1 #MR5REE
1.1 #7#

JiHS e A SFEREACSR: B R IR T RV AR T ] (ARZ588 © 407 ~89 * 227, 6443 7 40" ~44 7 207). 20154
6 5 5l TAEA GG, 430K A8 HEAR I F LA SR 3 DX PN 8 = AN AS TR AR B R0 5 e AT 5 R EREA, Za
FRZDI(EYESAE), ZD2(V5 Y4 14E), ZD3(T5H34F), = AR s g LA IMIs Y G FRs g, = ARG G
AERR T E PR R 200 m, HRHIES Y AR Z PR BB TS0 m. AN AT PAERR R G
HZD1A . ZD2AFIZD3A, AHXFR 7 5 345 NZD1B . ZD2BMIZD3B, fy +RER =4y, I HFEE N
IR . SRAERT R B 1~2 emBJZ L, LEBRA P40, RAIRE20 cm, TCHRVIGHE M ASEE, 4
BRIKFHIZ I SL %, -80 *CURMT& .

1.2 RFIFLEE

RN A DNAFHLIR ] £ (MOBIO, USA), LA Taq DNARA M rTag DNAR G (TaKaRa Bio, Ki%
F), pUC18-T vector(4= T, i), DNABERZ MG & (Axygen, HiM), E.coli DH5a JRAZ 40 (424w,
Jt5T), DNA Marker(2:XA&A A, L) . BRI M E =/ tral. FiEPHS-3E pHit( LE{H, 1), DDs-
12am AL ( FHUT AR, B, TC-4128PCRIY(TECHNE, UK), DYCP-31DNEIS gtk F- LUk AY (75—, db5D),
BRI (UVP, USA), Hiseq2500il F#4Y (Iumina, USA).

1.3 WRIAHE
1.3.1  HIEE AT

AT Y 3B KR (WO R LR e e e Ak MR BRI (pH) . LR (EC) . &&(TN). &
W(TC) . AIEHA PR (DOC) | £ (TP) R4 (TS)Famll i >R H B LA Tl 7 5 Sl (OC): R
IR
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1.3.2  TIESLPIHDNAFREURI16S VA-VEIX P 81 74347

1 HAMO BIO® PowerSoil ® DNA Tsolation Kit AiH] T/ T+ R4 DN ABLER . 250+ HEHEH 4 DN A
ATHLIKAS | FFA] FINanodrop2000HE4 T FRAGI , DNA ODago/OD s EIATEL.8~1.92Z 1] ¥ +IEDNAZHEIL
TUAAREIE A Al T16S VA-VEIX Y G5 24 , 75 149 515F : GTGCCAGCMGCCGCGGTAA ;926R : CC
GYCAATTYMTTTRAGTTTR , 34N M)A .
1.3.3  16S V4-V5IXF 141 5454 0 Hr

168 V4A-V5IX Y 75347 , (4 FHH Barcode I 4F 525 | X REATEATH 3G , 9738 7= My 28 v vkl Je 4tifk
ﬁﬁHTruseq@ DNA PCR-Free Sample Preparation Kiti#Ff7 K PEMEE, CEZ S EmE&IE , 4 HHiSeq2500
PE250#4 T 7. i AEBarcode/ PR/ FE a1 HHFLASHE /O EA # AT 9H , T ] Qlime.9.1%K
PERUR PRI T BT, TS5 Tags B9 1 UCHIMESR N 22 B AR 91 22) | B3R Rkt . Al
FUparse v7.0.1001 804230 %} FIr G RE S A S8R IRO7% 1) — SR T RS, BISMNOTUs (Operational Tax-
onomic Units) , i HH B EUR & 0 FE5IE I AR ROTURARER TS . A8F T 51 R I Mothur i /F 5 SILVA B i
PERYHATHI R RS, 7R AN B B R LSS MR AR AR AL AL . HQiimel.9. 1A T S
B, RERPFZAIE . LSRRI TS G 1 IR A A 16S rRNAY 1100 808 A0+ S B Ak 1545 , R FICANOCO#K
AT RAE IR IR 4307, WSS AT g 118 A AR A B TP i D s A AL A
1.3.4  J5AE RN 5L R v [ SO A S o3

PLE A G #INid-for : TCCRMTGCCCDTACCACGG ; Nid-revl/Nid-rev2: GAASGAYARRTTSGGGAACA/
GCGSCKRKCTTCCAGTTCGHATHFY 125 JeLINid-for FINid-rev1 N5 | ¥IHEFTEE —40 18, 25MEFER, 14
UEPCRY 3G WTEFa s KM, ¥ G E5 S SERe R UK A U4 3% 7). PCRy™Z WA RS0 J VE ABiAR , LANid-
for FINid-rev2 hy 5 [WIHEA T4 4509 38 , 30MEH , BAREACEATY 431K IR GBI FEAR3 N PCRIEN FATHE,
HEATEERE IR, [P ) S pUCIS-THURMAT 4% , e RIGHT S U000, #EA7 08/ MBEifik. B MEApE
PLERE961 I BER R 75 EA TG 5% , SRR DNA , R4 EEVE 2R il A [R) A1 B ik 75 2 398 v 55 75 S BUn A il
B Bera B SO PR s R4 AR T AR B RIS T I 204, 05 Bl SUN 48U L R 5 9104 2
PE2E % GenBank B . K ARAT I 05 B WU A 2L K17 81 7E GenBank FhFA T [RIJEME LU X, " 8bniEF o1,
FAMEGA 7114 DL 4B (Neighbor-Joining ) HFAT B0 , FADEE RS0 & (2o,

2 HRE5HH
2.1  TIFBLEFNEMD

TSP I E 2 RANR TR . BRIATA, s e 4E RIS R L2, pH ., SK3 | 226
AAREEES Al s B S W R 2, S 2% ALK . SmEA BEEE R Al
1Y R ST R 2 R R A W 22 5. URRH AR Ts G T A - SR R T, R A S A e
YR, REEBR, FI AR S B REEZES; M TEmEYRE , P Sk & B A &t BE
P25 (BN S S VI A REIR AR AE DI WD, PIRCRTsE & BdIR. Ais g T30, AL 0
PR B T TS P RE Y TR, RBR S R A REORI . 78 Bl 81t I Ak Fe bnrt , Ailhis
Y14, 3 RS T R O 4R A WS WA TS YesiE 5 & R A 1A B
PE2E 5, VLR 15 QAR BRI I, A BLTS e A o Dok, AR BALS4E IS |, 154 T Mo
B S
2.2 AEAHSTEFERIFARZHETH

AR5 YA R 4 ERE A TR A O T U e M 7 9 AESTLVA KL 3 rh db A7 LX), B AR TR REAS rp A= e ]
M. AR ES AR IACFHEA TS, M SRR i ARSI 40 200 T | 6349 | 113 H | 218%) | 383J®.
ATHG P AREAILRG IR AG2017] , 5 RIERI 210 ], Avhis g I b r e S A T 1A K T s e, 1
HAE T K EREAR T BERT1089 20Kl 1 (a) B, HiH 2R BT ] (A ctinobacteria) . ZEJE B[] (Proteobacteria) I BE i
I"](Firmicutes) i AEA91.68%~97.64% , 3 MEFT, HARTTHEEHAR. V5 Y I4EFISAE I 59 5+, BT .
ASTETE T VAR REE T ) AR B V22 5 5 o Y34 IS8 5 AU RER | TAFE B B 22 5. S5 R Wosklihde
FIAR B 3P R BT 1B A, AL B IR RE T [ 1B 2
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x 1 EFREAIIREBEAMER

Tab 1 Soil properties of oil-contaminated and background soil in Zhundong oilfield

FEM TR Rw & AR EE[IIE S 2 Mk nEEANR e e

pH WC(%) EC(ms/cm) OC (mg/g) TN (g/kg) TC (g/kg) DOC (g/kg) TP (g/kg) TS (g/kg)
ZD1A 8.46+1.12% 0.57+0.07° 0.1740.06° 16.24+0.32° 0.1940.02° 19.00+1.64°  0.03+0°  0.14+0.04° 0.46+0.05%
ZD1B 7.13+0.18%® 0.47+0.06° 0.6140.05° nd 0.2240.03% 13.50+£1.37°¢ 0.02+0.01° 0.274+0.11%® 0.2540.09¢
ZD2A 6.05+£0.57° 1.2040.17% 0.6040.08° 36.40+3.60% 0.2440.06° 57.10+9.20® 0.04+0.02° 0.16+0.02° 0.79+0.17°
ZD2B 8.824+0.69% 0.44+0.08° 0.4840.05° nd 0.2140.05° 3.2040.38¢ nd 0.2440.14%° 0.25+0.10°
ZD3A 7.55+£0.37%° 0.89+0.33%° 1.83+0.02% 7.5040.79° 0.52+0.06% 35.70+£3.07° 0.2040.03% 0.47+0.08% 1.5540.23%
ZD3B 8.204+0.50% 0.45+0.12° 0.5440.07° nd 0.2240.05° 23.80+4.02%¢ 0.03+0.02° 0.2940.09%° 0.2440.12°¢

nd ARKIE].

WAL, AT GAE ARG 37U , W 5t I Hh 282)m , Horh 514 H I INTAS306 )8 , 1544347252
J& , IS Y5AE30T)E , 5 HRAT R 5400 244 | 24 VRI219)8 L AHs P 1Y T I AR A 1 R B B R T
St JBACEFEERN0T AN L (b) s , 4521 B BiEihle A SR BRI E (Rhodococcus) « Pseudarthrobacter.
2% 5 ICH & (Kocuria) « Alkanindiges F1 2 BR T J& ( Blastococcus )57 @& AN F BB WA, M Parvibaculum F{E
W R # & (Pseudonocardia) BHHE 2 . AT YL 14F T 58 Y rh 213K T & (526.4% , A TS SR f 23w, i
HAMB AR, AMAILTG R &2, SRR R E R R A TR

a b
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B 1 ERHEFRERAMSHRIBENETSEIIEPAEIFBEKTEMNEE
Fig 1 Relative abundance of soil bacterial community at the phylum and genus levels in oil-contaminated and

background soils with three different pollution years of Zhundong oilfield

(a) UPGMAZR/M (b) BB YRS

2 HEFRMERERERAMSRIIFENERTIEPHEDMHEUPCGMAREMEEE S EREN
Fig 2 UPGMA cluster and NMDS analysis of bacterial community at OTU levels in oil-contaminated and back-
ground soils with three different pollution years of Zhundong oilfield
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XA S G AN B I P A E RS RO T Us iy A% B AL T Weighted Unifractf 2i4EFF#HTUPGMA
(Unweighted Pair-group Method with Arithmetic Mean) ([E2(a)) JRIE/H7F1JC R & 2 485 € 15 (Non-Metric
Multi-Dimensional Scaling, NMDS) (12(b))Gti153#7, 4-Hras RUNE 2077, FoR A mlAahTs s e 5
WA AP AR A TR A N 22 57 . HEZR 3 FH (] — SR DA [) 75 S5t a3 b I A oA M A 2 BT BOR R AR
PE, IF HAT TS R4 I b O E YA SR DR s YL TR BT, B 5t U RS A BORAR . B TS
PAERIELS , TR YIRER S R A2 BA BT 8 3, His Ye3tEFIsAEREAR A —E 22 5%, (HEH N2
SR/,

2.3 BHERVWMEMERRZLE N

07 B R SO AR i DR g A S8 I Py 45 2R 5 NC B R i e iEA TBLAS TIRJIR IR FU XS, K BRi & TR BUR
BRI Fr Bra6 4%, JE B RS . KY985598-KY985643. BLAST AU HE X e UL P 1o 040 e B T 5
H, FIHMEGA 7R QB BRIl R G A (1813).

3 ERBEAEERAHSRIIEPEFERENNEEEFRFELE I
Fig 3 Phylogenetic analysis of aromatic dioxygenase gene fragments in oil-contaminated and background soils

with three different pollution years
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RARLER IR, HEA I A s G e SRAS 05 B RSO AR B JE IR, SRS AERT , ZERI BRI A Cluster
a ., Cluster b Cluster ¢, Cluster dfICluster e, 735X 575 - RUIM A REIE RS 5], SA4R2R — B B AU 4 i
AR | ZERUMNSERESE DN | 22 PR 5 R UM AU i3 PR RN R H R AU AU S [N A Cluster adg k44
INERE A R AR /NT90% 5 Cluster b3 2 /INEEE, I L [E] R SIAHLLEE 80% 5 Cluster ¢ M2/
FHBE, BULEFHNFRRIE R71% 5 Cluster d53 A3/ INERE, BULRIFFIAHRUE /N T70% 5 Cluster ef3h2/4/NK
B, PR PP ALEE R 57%. IERIEES AT LA BB DR Y PO [R] ) NS 24 B Y AR IR R AE il
R RIS AU I AEA [R5 G4 R 4= 38 Y i P S e e 25 55

PTG G+ A Fr R Y ) SEZRAIOTURR , dnfid & (57 9B L S T o5 Ee ik 4811 (3R2).
ZELIRZD2A (1 a)FEA (5 HLR KA 238 05 WU 5L R (56.25%) , ZD3A (3 a)FEAS 7 Fie R SR —H
BRI 42 B RE [N (47.06%) , ZD1A(5 a)REAR i Hede R I ZE U 4B IE [N (69.24% ) . PAH-RHDIE [H it 75 i} [a] 4
%, WBLZRAERD s ZEXUIN A B L ITES alih B, Rl V5 Jepsf ()3 n e i3S K. ZD2A(1 a)FIZD3A(3 a)FEAs
Hr, PAH-RHDZE P ISR R SUIME B SE ) i 4a XA, — 383k 4885 % LA L IO TUs. 4t f]iks aZ A
i F R U A Bl A PR R Z AU AR e PR R s tH B, A 88 80% LA L OT Us. SRS 15 YL AR R VALK , Z 3105
SRR A () D) RS PR AEAS ()5 YA PR - SR A b R AR T BE S R AR AR AR 4E , R T U R AR D s i AT
SREAI ST U R AR AL R .

® 2 EFRHBAARRERAMSRIBEFAEAETRNMABERELE

Tab 2 The aromatic dioxygenase gene types of oil-contaminated and background soils with three different

FE A, TG YRR FEFI A OUT%k RIERR 9 R Horit
ZI IR R . s S6.95%
(PAH-RHD gene)
IDIA L A P R AU R ) ) 47 0%
(Phthalate dioxygenase gene)
SR ) ) 695

(Aromatic oxygenase gene)

A YRR U 4l A K]

: ] 8 47.06%
(Phthalate dioxygenase gene)
‘4““1 =) Aﬁj:
Z TSRS AL N 7 6 41.18%
ZD3A 3a (PAH-RHD gene)
S 4 L A
(Naphthalene dioxygenase gene)
hi- 23 = j(
z&ﬂﬁ&xgﬂnﬂ@@%u 1 1 5.88%
(Benzoate dioxygenase gene)
28 SE LA
mmﬁﬂﬂﬁgi. 9 9 69.24%
(Naphthalene dioxygenase gene)
—hk 4 = K]
z&EﬁﬁaXXﬁu%L%% 9 9 15.38%
7D1A 5a (Benzoate dioxygenase gene)
4 ALK
ﬁf&bﬂﬂﬁ@L 1 1 7.69%
(Aromatic oxygenase gene)
I \4\4“ 7S = K]
ZIRIT SR A B A 1 1 7.69%

(PAH-RHD gene)

2.4 WEYMNEREFSHF

BTG G TS 5 i YR E AT 10T TRTAT 108 5 IR AL I P T A b, IElART T, +
HEWC | TOMOCHE 15 Y =4 TIRZD AU WRETR LN EZE M 7, TS EC . TN, TPHIDOC/2ZD2BiH/E
YIRETE AR R 2 R 1. NE 4(b) AT AS% R TR R | 2R BRI « Alkanindiges. 21K & Pseudarthrobacter
VG YA FEZD2 AT YR BRI AR | i 2% FC TR ( Dietzia) FMER I & (Pseudomonas) M543 4F HAEZD3 AT
EYTRERERE , Parvibaculum MU 88 75 Qe54E T AEZDIAUE VIR RFILAYE . o R 3RBBEE 4
1590 HAREAL , TS G T v A Wy TR S A 23 RIS ) A2 Al I e A AR PR 1 281k
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(a) UEMRRA LTS AL R IO AR A (b) B e L35 AL R U AR A

B 4 HEFRHEAFRERAESHEIIENSEEPHENHEERB I IRES IIEBUEFAKSH
Fig 4 Redundancy analysis to show correlation between soil properties and dominant bacterial phyla and genera

of oil-contaminated and background soils with three different pollution years of Zhundong oilfield

3 it

JriiE e 2 S MU S ERAS A S AR YERT , IFAE A SR A R s A S A W R A, SE
B e 35 A AR B AL R T R WY TR TS5 A0 S DD e RIS R AN R 4508
3.1 AAMTEERSHENSHHE

XS] S YA R AR AR 168 VA-VEIX Y 8T F 4387, RFESHa 45 R onbEATh A SR 21k, R
YIRS R A R AR L. TEEAKSE I, 15 14 3P (2T BR T &8 AN Alkanindiges , 15 4«34 38 rp ()3 7%
TG T i AUBL A B, 15 Y54 3 Y Parvibaculum 5B A I0TE YRS 5 EREA diZ g it W = B 34947
eSS, ATUAE N AT AR EAAEBR I FE bRt . %0 55 N7 558 119 FH T Yo e v - 398 4 i
RIS, ZEBRE IR HE . ST N 28I R H- 37 3 A MR S5 i AR TS BB 7R Alkanindiges A
5 YRR AR, PSR FE IR VR AT A SR A B IR s R A AR A, (HR BETHE /R TR
50 AR BAAEBR Z [ A DG . XA v e R IR S I S A B T TR R 2 Y e S AT
SR R SRR B ORI, I HI5 Je 4R R h R E RS 5 B AL, V5 Y34
FISAE Y+ RV E PRSI e - A B2 5, A ihTs e 3 o Yt vk S B Tl HE RS 1 k2B
Ak, P AT DAHERTRE S 15 AR IR A K | A ALTS e dl or A0, SRR T 38 NS B AR LR 2544
Wbz A, WAE AR TR R . AN T 5 BT & S RE A T D AR 78 R i
i e AN A /B 2 = A S NG = o e L
3.2 AMTEFERSEEFEMLE

VEPEnid FE @S 1910, %5190 m] LAY BEBR nid FE PR AT 2R RO AR RS R R B, HLAA 4 s IR R 91
K FZE A 38 AN [R5 Yo AR BRAD BT+ rh 28 SUN A R | &8 — H R XU AL I L O A s o e i
(A, PAH-RHDJE PR A F R AU SR B3 R 5 AN R B 56 TR, ARBIE S i 3 24 WU N 3 A1 -5 1) N A e e gk
U AR il R PR B B I ARRIYE | O HZ R IR T-2LBRTE & (Rhodococcus ) A, HEXT A5 RAUANEE R FJ52899361
AB031319B2F1DQ19265312° . Jf H AR ST BN A RO T UsRBAR A A TR IS, SRIIREE 15 YA IR IV AE K |
it LRIt 2 AR AR . Al TS G VAR () 338 rh 22 PR D5 XU 4 it 56 R AR 4 R R WU el PRI 7 o
Bt SCPE R A= PR A L TS Y541 Y - 338 v o B R SO AUl R = B A vy . AR BRSO 28 SRR A T4, A i s
RIS, TS 25 R Ia e, SREHE Y e A, DI e . 2300518
SUHNAE i Fy 22 055 1 TT BRR A DAL BRI 31, AR R XU ARG R 25 | 3 . BRI EE 230 R A R ia
TRHET A, WA BE RS, UL R EZ I I5 IR0 T IRRERR , 7=t/ NV T A = P A AR R B4 i ids
Fao. Bt s T SIE K 22 B 0 e UM S DRURE R = B sl ), 4 YRR U AR il R R = B T v, BT i 280 T 08
TE YRR Loy R T AR | 2305 R B A = A i /N o i ok H PR AR AR AR S A TR,
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RPN ZRIBIEIE B R | H,OMCO, 8 Z 5 EYI eV A . SE5045 R 5 Bacosal** 558 ABIFFT 82 P4 BF
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