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ST X B8 R 18 IR LR MR I Th R
EE bssAR)EE B SRR

ENE EWE #ka R ALs

(VIR R2E DRI 24P, HIK 400716 )

W = T DX 8 B 32 R 2 W) S5 0 O T R AR TR S I A TR R AR DR L BT XTI
A XS AN ] i 5 1 B AT A S 8 S b ofe P A 058, SR FH AT 9l 4E ( Petroleum hydrocarbons, PHs ) H12E
R D) REFE K —bss4 (AW IEIRFIR A WU HE R ) AE R 4r Fhn iR, @il sob SRS 6K
i R il B K B ZREPE ( Terminal-restriction fragment length polymorphism, T-RFLP) R, W
SEI%IM DX 3955 A7 bss AKE R (IR 2SR i U E WU REVE 454, DR IR IR BB L o 53R 3800, LI
FPAHs & E7E0.21 ~ 2.01 mg kg ' Z M), ARG PR BEHAK, T-RFLPHZHT 2 B AS 6]+ HEAE 5 v iy
bssAFER Z R 22 R, PAHs (Polycyclic Aromatic Hydrocarbons, LI ) i T bssA
SN ZREME e, e HbssASE R 2 5 B 108 6 30 T P ol b A PR A BRI SR R o ORIl — 2
T, RS . AR, PAHSS R RN bss AL ZREME TR BN T, XSS RN YT
HH X 76 e T A= 58 rh 5 bss ABE N () BRI M-SR R, I SHAT WIS ( Geobacter) |
KIVH)E ( Thauera ) MEFIHIE (Azoarcus ) RABIEMN ARG KT RE R FR . XL A Y)W g 3w

Ptk . BRERER K kad A R A - SRPAHs
X HEiA
FESES

S154.1 Xk FRiIZES

A2 (Petroleum hydrocarbons, PHs ) 754
S 1 T T 24 T I B2 [ AT, I TG iy P DX )
M3, HisRkYMEwBERE Tz R0,
AMBERERGERE ., Wi, iR BRI REZ
oW 2 a0 THBRMYFIRGY, Hhr2H
F57#% (Polycyclic Aromatic Hydrocarbons, PAHs )
MAERY (R, WA, O, ZWRSE) £ZK
WL, LR RAEIERY Y AU E
&% LRI PR, L2 i B A e N
HE UL ik, RHETPAHS IR R YR Y
— B AR BT T — I, el
B F R 2 A A FPAHs KoK R W) B AL %
MRS ke, BAEE 2 HIERIPLIRY) 55 A IR IR IR

e REREM, DR ILBEIAML S AL (bssd ) 5 BEVRZEH

H, Al R 2 P E T AL A oA IR AR B AR A
BE, PRAMUE VIR T e 1 T mEER Y
fln, fERRY) . I BERFMRD T RPAHsH K
SRR AR b, o A R RS R T A Y
S )R BRI A AR R A T 5y B AR
ZIRAR B R R LT - AL IR AR A TP A Y o R
e, T R P A OB R Y O R T R B IR R S AL
i ( Benzylsuccinate synthase, BSS) J&[H Frda
% (9 BB S Ak ZE 5 R M A B 0T Y
(R) -ZEHSLgEmmens " 2 b 19— R 51
S 5 285 A kg e v AR ) 2 R R -CoA 07
BE IS BTSRRI, XN B A TR R, b
fe M PAHs I R A M # rp o N, SRR ER g Sl bRl

*ERARBFFESTH (41371477 ) Ao LWL 4T H (XDIK2014B047 ) 9B Supported by the National Natural

Science Foundation of China ( No. 41371477 ) and the Fundamental Research Funds for the Central Universities ( No.

XDJK2014B047 )

Tﬁl[{/ﬁz% Corresponding author, E-mail: zhouzhf@swu.edu.cn
WALBUN A, BiEge A, R8N G E R 58 E-mail: 375332084@qq.com

YEHRIA: 22/ (1990—) , H,

Yok HHH . 2016-11-04; Y@M Eoch H . 2017-01-10; B8 H I (www.enkinet ) : 2017-02-28

http: //pedologica. issas. ac. cn



3 4] Fe/NFEAE « TTDGH FH DX LR P SR SR gt Sl A Wy D) RE S IR bss A TR BEAS ZREVERITSE 795

(Sulfate—reducing bacteria, SRB) FIfifg£hif 5
5 (Nitrate—reducing bacteria, NRB ) 7ER & &M
AR AT RAXS n—be ke HEAT AL T AR 0 S R TR
MG AR, 2 T e B BR AR 5 G (ASS)
AR SE T, TS RIB U S 5 ek 25 -2 - -
IR M (NMS ) AL SE B R IR A 2 - 2
28 DO o sE iR AR 2 - R ZE AR — R
Wo PG, JTAESK, 4MSBSS, ASSKNMSH)
IIRESEE (bssA; assA; nmsAd ) B22iAE N5+
PRIRY, RIS TR R Y EPHs KA G P IR AR
O e O ) R AR IR A IS Y B K
A W A R ERE 1. A, FrederickZE 200 1)
bssA. nmsAFMassAVE ¥ AR RY), PR T —
SRS R AR (Bl S i vE ) IR A PHs [
A, JF R T —2E516S rRNAJE K 732810 4R
AR O E MR EZERE . Alejandro 25 ' 1
T bssA., nmsAMassAR W) mAE SR, BFSR
T I DX K S TR v P HLs R AR R i T 1Y)
RETE LA, R Pk SE B PR Y i R 2 B ]
M2ER, 52 RNRESRIMG. HE At
RIEY, SnmsAMass A5y TR0 3R A 8L
PLbss AR AR 1) S Bt 0B 51 2% 12 i A ) G Bk PR L 4
BRI —Me, AR IS R Y&
HREERRY . 0 HETH 1 bssAFE R BIFE Z2 0L T
MRS YR, X R aErh A REE AR T R
H AR T, B R S T i
HE PR 22 R S e R AR W A R R S

Tl DI - S A2 D i e g KU, T
b T REAE AR DR/ BRI T L Rk, ARHE
FEET R RA SO AT K T L RVLIGH X, 1E2Y
20 km MY, BEEE TSR W] BRI 1 R
B 43, DibssAFER R FAniRY), e
G SR SE 5 T-RFLPRY I LS8 1 i H DXl A
T IR R IR R AR Y BT A5, W IR
BT HBR S SRR T2 R C R, ik
RAWETEPHs A HLT5 e 0 1 HE PR AR Y i A=
PIHLERAR AL T —E (BRI

1 MRSk
1.1 HIE#HREE

VDG AL T AL A i s iy, iz e s
SOZAFIYI T A DI s, S v e T A i <

HZ—o ABFER LR SR EE T 201447 H o 7E
YLD H XS AL BE PES A AR E i, g5 M JH-1
EJH-5, BNMH T30 ~ 40 m2PRJLEIN, R4E
RHEO~20 emFBZHEF L G+, FiiE) . 7
AR 0 R 30 m?(E i, B B9
M, T 2R A SR BB A SR e, DA
SERAA FAERCRAE, HASRE S NI R R
L3N ERE N IR S . SR RIRE S R T B B4
&, BTHAKSEMFE TP EmE, s, o
2 mmifiJE o34, TAT4 CHFEAME R,
B E T -20 CUKAHFH TDNARFEEL
1.2 HIEMREPAHsE ENE

FHEPHRFH2.5 ¢ 1K L, F “PHS-3CHES” pH
G e . R RA PR . AR B S B
BAMME SR (R morsE )y
AT, 4y o Al A IR AT AR IR DR T E T
( K,Cr,0,-H,S0,3% ) . fHERPT Lk | He i o
HOCEE R NZE 2 Z e 43 YOG BRI E

P A Hs 5 0 I R 40 B R IR L
WL ARSI FRECI0 g2 R TR
HERERL . 10 g JO/K B R B B B B T R — AR
RS), T AR, A150 mlNHEE - 1EC
BE (12 1) IRAWIZH RS 12 h, R4S
ANZRRHEHER TS5 CHEH6 hy $EHUK T-46 kPa,
45 CREFHEZRRE WA ZEL ~2 ml, R HAERIZNT
(L emTCKBREEE, 6 ecmiGIbEEK A3 cmE 1L
B dfbs LIS mlESROE Qe ivEfs ., H170 ml
TEHGEANE S RIR AW (37, VIV) BB
WCAE VR, VEBIER 25 % 21 ~ 2 ml, FEIIA
25 mlH BEEAT I R B, FRIE G 7% R v 4 OF T
BEER R mly fea SRR G35 (HITACHI
L-7100, HA) Ml &40 PAHs & o
1.3 TIRDNAZE

T HEDNASEEL {EmpowerSOil\E DNA Isolation
Kit (MO BIO, &[] ) i &I EEDNA, K
BL0.5 g AL N, ELARERAE D SR L B AT
FEHCEI A BCDNA, 1% AY B0 1 B 58 I Hi Jik G T
PHADNAY), F-FHDU 800 spectrophotometer
( Beckman Coulter Inc, FEE ) MEHW®KE, &5
BT -20 CRIEE
1.4 mEXEMERT-RFLPS

AT A ENTRT R R P bssA . nmsAR
assAFEPRI ISR, K i A SA LR Y bssA
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nmsAMassAFEF PCRY” 1 F=9) 73 BRI 4t
RA SO, RIS S T-RELPMHT rh BR i 14 P 1)
it 10 2 R AR I A 4, WI At AT B T E T-RFLP 43
BT v T 3R B 45 K it e B BT % 7 A 2 . ARG
BRANE » 435I LASAS AT - A S DN A R 54,

FIH U 0 51 9 B AR R 4 38 45 1 % ik 4% H Aw
SEHRSEATY R, RA M AR R N EE AR 0.25
ul TaKaRa Ex Taq (5 U pl™") | 2.5 ul 10 x Ex Taq
Buffer, 2 ul dNTP Mixture (2.5 m mol™) . FIE
S14450.5 ul (10 pm mol™ ) | 2 ul DNAKIH, Jin

AN REKFE 225 pl WK R o B AR A ERE 5
bssA. nmsARKassAFERBIPCRI=Y) - 9liIRE, 1R
AIFIIPCRI=Y FHWizard SV Gel and PCR Clean-
Up System ( Promega, £ ) #4744k, 2ifk)m
E"JPCRF':%L?[)CEM—T Easy Vector (Promega,
EE) EE, 2 AEscherichia coli JM109
(TakaRa, HZA ) BRZ&400, ¥ A B
e, £ HBEPLPRGE R SO ik il AR Y TR IR
AN EIATIN, DTG58 B AS B A 5L R & 5 e SO
AR

F1 PCRYy ES|YIRRNIERF

Table 1 Primer sets and PCR procedures

H bR 514 519 %75 NP EEDUN
Target gene Primer Sequence, 5'-3' Reaction procedure Reference
bssA 77724 GACATGACCGACGCSATYCT 94 °C3 min; 94 C30s, 58 C30s, (18]
85461 TCGTCGTCRTTGCCCCAYTT 72 C1 min, 38FHEH; 72 “C10 min

nmsA 7363f TCGCCGAGAATTTCGAYTTG 94 °C3 min; 94 C30s, 52 C30s, [20]
8543f TCGTCRTTGCCCCAYTTNGG 72 C1 min, 384 ; 72 C10 min

assA 1294f TTSGARTGCATCCGNCACGGN 94 °C3 min; 94 C30s, 58 C30s, [19]
19361 TCRTCATTNCCCCAYTTNGG 72 C1min, 38PN 72 “C10 min

i FIDNAMAN ( Version 6.0.3.48, Lynnon
Biosoft, [ ) X i 5% )5 41 2k 47 8] P54 43 7
FALBE > 95 % 19 )7 5 3 A [6] — 43 2 #2: 4F 55
(Operational Taxonomic Unit, OTU ) , &PO0TU
WP — 2R B AR S, R AR AL AR 4R 12
(Neighbor—]oining) , FHIMEGA (version 6.0) %k
T HERGEREMN . Z/5, T DNAMANZA X
#OTU AR T 9 JEAT B )AL 500 #r, S5 3R
Y BR il P DI BEA Ly 1 (Takara, HA) GEWSELT
Ho XoF biss AKE P v B SCE P AR F B OTU BEAT 43 AL
FIAE g J5 SET-RFLP 2 A v O BR 1 N DT . A
AR I 7 51 2 42 58 2 GenBank I 28 LT AH R ()
JF85 (KX148522-KX148545) . filt, df—4
o3 MILLA R S DN AN, FHETS 95 Sy
FAMARICHI B % (7772£/85461 ) % bssA XL i
FTPCRY M. PAFMIPCR“WILEALSS , Al ITE37 °C
B4 b, DI RN A Uk 2 w4k
B J5 FH A% B2 P X ABT PRISM3700 ( Applied
Biosystems, EE) AT IEE, ﬁ]CeneMapper
(Applied Biosystems, EE) A T-RFLPE %

HAT T
1.5 ZHiE4LiE

JIF A B0 R I SPSS 17.03EFT AL B4 4T, K
Z IR 22 5 R FlOne - Way ANOVARHZR
Jr2Eo ., p<0.05%mEFEH. HCANOCO
(4.5) FHTCA M (Redundancy analysis,
RDA ) X bssAKRE R Z R 5 P85 DR 5 22 8] Y 5C 28
fro3tr.

2 45 R

2.1 TIEPAHsZERIEUMER

AT 31 B T i A e B 3 P A Hs & i I AR
PERR L 262, 4% HHERE S PAHS & & HoA B @ 22 51
HAHJH-5 (2.01 mgkeg™") FIH-1 (1.23 mgkeg™")
W& m, HRSFEMIBMTL mg kg™ K
T RN, HAERpHZ B Z R AR
Fo OARAFELEEAESNAEIRSELERERE (p
<0.05) , HkeSTH-SHIH-2/04 HLT & 8
B, 3402 g kg FI38.3 g kg, THITH-9RYA ML
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*2 MHRLTIREARMER

Table 2 Basic properties of the tested soil samples

AL AR AR [T

LiEEETR PAHs A SH

. pH (H,0) Organic matter Available P NH;-N NO;-N

Sample code (mg kg™) » . .
(gke™) (mgkg™) (mgkg™) (mgkg™)

JH-1 1.23£0.01b 8.88 £ 0.08a 11.3 £0.16e 5.25+0.31e 4.17 £ 0.05abce 2.57 +£0.19e
JH-2 0.21 +0.01e 8.75+0.12a 38.3 +0.83b 8.83 £0.22d 4.26 +0.04ab 3.60 = 0.14de
JH-3 0.80+0.01c 8.18+0.01a 247 +0.44d 159+ 1.01b 4.16 £0.01bc 22.1 +1.30b
JH-4 0.63 £ 0.05d 8.56 £ 0.03a 30.3 +£0.36¢ 11.5+0.28¢ 4.12 +£0.03cd 10.9 +£0.49¢
JH-5 2.01 +£0.03a 8.22 +0.09a 40.2 £ 1.30a 254 £0.22a 4.15+0.11bed 31.1+1.60a

T RPBUE R = PATAL BRI (E = RifE2E

[f—F AR /NG FRE R [ 22 5 3% (p<0.05) Note: Data in the

table are means = standard deviations of three replicates. Different lower case letters in the same column indicate significant differences

between samples (p <0.05)

AL, U113 g kg BRBE S EEED
FERLJETH-5 (25.4 mg kg™') , HKJEIH-3 (15.9
mg kgfl) AIH-4 (11.5 mg kg ), HIARASRE S
(78 S S IR T 10 mg kg™ A% AR S A £
SAGTEZERANE, H7E4.10~4.30 mg kg'Z
], SRS R Z2JH-5 (31.1 mgkg') ,
HRZEJH-3F1JH-4, HARES M TS mg kg™
22 BREREXESbssAFT) R EHKinRE %R
5 4H X
XfbssA. nmsAFassA5E M 745 R 1T X
M, SRR RSP B LSRR A P R bss AKE
. MbssATRA ﬁﬁixﬁqﬂﬁﬁmmﬁzzo/\m@ﬁ
g T, FEAEGenBank FiEFTBlast b X, 453
OS5 AR bssAFFE . TE9S % AIKF T, A4
H2440TUs . 5 O0TUIRERIEF I LAl TEED))E (1
Ay BRI 4 Bt ( Terminal-restriction fragment,
T-RF ) B8 K T & e 91 o e B SC P8 ST 51 50y
AT R3R . AT, HP ARG vE R S
JE R 5 B B R 3 109% 30 TUs H OTU -3
(10.5%) . 5 (11.55%) . 6 (17.85% ) 123
(13.65% ) . NEFEAHFH, FE%'J‘T%V\]@J@@
Alu ITEWHUF MG XKLL HOTUS HEAT 0 Y, 35T
RS T-RFLPAM T
MAEAOTU 3k # — AR 1Y 5 51 ok 4y 2
bssABHNM ARG L BM (K1) o IWETATH, %
T FH X S0 e T 4 38 bss AFE PR 0] 43 Sk 44~ A [] 9 7%
(Clusters1-4) o Hrr, Cluster1 &5 A810TUs,
HAHEETHEMOTU-3 (571bp T-RF ) FOTU-6
(409bp T-RF) , EAM15A-ZIE EA BT

X2, (MiCluster2 Ml Clusterd P& &G 20 M4
OTUs, & 5 5080530 i e R SO 87 1A
42%M111.2% ., HAK10410TUs )8 T Cluster3,
5 PRI FA0TU-5 (388bp T-RF ) FIOTU-
23 (433bp T-RF) . It#h, Cluster2. Cluster3
1 Clusterd¥s] 5548 W ) 36 2% 5 R T, 38 i %)
bssASEPRIR A o B SCE I R AR B I R G K B 41
B, AN JE 22 T-RFLP A A [l K 3 R i B ol e
F Bt (T-RFs) FrACERM EARbss ASSFF R AR
2.3 tiEbssAEFERBEEZHEREZIEF
BFEN bssAFL N B T-RFs2H A0 K2 fr s o
BT J, RES TH-1FIJH-2 7 bssA ) RE 745 2 i 48
FHRL, BWEHEIMT-REZERE (96, 154, 409
M433bp ) , H409bpM433bpHIT-RFs & H L4
PP HE . 5B 2. 20945 AT A, 409bp T-RF
AfEJE TOTU-1, OTU-6E,0TU-18, 1E& LK
BWH AT Clusterl, H58-ZRTE R 1Y 41 5 & B
( Rhodocyclaceae ) FHIREKHEE ( Thauera ) Fl
A S WIE (Azoarcus ) AEOIEMIELE LR M
433bpMIT-RFsM & FOTU-23, i FCluster3,
56-BIWH T T AT HEL ( Geobacteraceae ) )
WATHE ( Geobacter ) AW EL LR . FEdh
JH-3h HAGIF]—252bp ( RHESERE ) IR
bssAZERE ., FESITH-4 " 1)bssAH189bp ( Cluster2m,
4) . 175bp (Cluster3 ) . 205bp ( AN ELREE)
295bp ( AHHEIEHE ) |, AR T-RFs T4
MAEPAHs & i iz = I TH-51, & AT T-RFs
KB 2%, RBI89bp ( Clusterd ) . 96bp ( NfE
KBE) . 175bp (Cluster3) . 205bp ( AfiE
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R3 BEXEDRBOTUsKRAl I BB KRin K

Table 3 OTUs in the bss4 clone library and 4Alu I-digested TRFs

A BEAEOTUsH A9 EL ] Ratio of terminal fragments in the OTUs ( % )

OTUs

89bp 125bp 175bp 334bp 388bp

409hp 433bp 436hp 571bp 670bp

OTU-1

0TU-2 1.05

0TU-3

OTU-4

0OTU-5

OTU-6

OoTU-7 4.2

OTU-8

0TU-9 4.2
OTU-10

OTU-11

0TU-12

0TU-13

0TU-14

OTU-15 3.15
0TU-16

0TU-17 2.1
OTU-18

OTU-19

0TU-20

0TU-21 1.05

0TU-22

0TU-23

0TU-24

2.1

10.05

17.9

1.05

1.05
2.1

1.05
3.15

2.1

1.05

) . 295bp (ABHEZEHE) . 388bp ( Cluster2f
3) . 409bp ( Clusterl ) J433bp ( Cluster3) , 3t
8FIT-RFs., HH1388bp T-RF ( Cluster28f3, ik
I JFE A B AT ) AR R SR . (S
HRERE, 7EPAHsS B mIH-1MIH-5, J
B bssAIER A i 22 5 W, HO2d I H- 1 3%
bssAZERE (96, 409F1433bp ) ¥ BAE G &,
H96bp (NHfEZRHRF ) EHTMAKT-RFs. H
BRI UL, 96bp K 388bp MbssAZEHE Al g7 3] + 1
PAHsH & 4. 4 B A PE i X T-RFLPE G (25
B T8 — W ITH=-3 ) 43 54 Ry 2058 7% i Fl i AR
B, 0 EEREE T 5 bss AREIK S M AT U4 AT
ISR (EI3) R, PUASE Y bssASE KB V% 41
WS, WATE— PR, A, BRA R0 .
AR . BARFHTIN, HHEPAHsE EHEY

MW bss ARETE 2 B G BE R F 22—, H.96bp ( AHfiE
KB ) A388bp (WM LR A I s M AT 5 ) T-RFs
FT AR E A bssAZERE S5 PAHs & 1 5L E A6

3 0F ®

AWFFE, IEAES IPAHS &S B 0.21 ~
2.01 mg kg™, kT b A N RIL R FREE LR 4R
20084F AR A Y ( 1 HEFRIE BT bRk ) BT (AiE
SREEDURE ) v 8L Al ot 1338 16 b 41 5l 422 ol
PAHs B & IO TvE(E (4.90 ~10.1 mg kg™ ) 770,
PEARE , U b R A M 1l g L6 b AL S 4
PAHsHI & B B 40.24 ~ 2.12 mg kg™ 2% 0 XS
A T AL R B VE = A B 95 M T L PAHS Y
AR AR, % X S P A H s R O
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84 @ BssA clone OTU-11 571bp (KX148532) 7

76 |- Thauera sp. DNT-1 BssA (AB066263)

@ BssA clone OTU-22 572bp (KX148543)

Thauera aromatica BssA (AF113168)

Azoarcus sp. CIB BssA (CP011072)

35 BssA clone OTU-9 334bp (KX148530)

L—— @ BssA clone OTU-14 670bp (KX148535)

Uncultured bacterlum clone F3A10 (JX219282)

82 03 @ BssA clone OTU-1 409bp (KX148522)

67% Uncultured bacterlum BssA g (KT948698)
EQ BssA clone OTU-6 409bp (KX148527)

90 @ BssA clone OTU-18 409bp (KX148539)

@ BssA clone OTU-3 571bp (KX148524)
Azoarcus aromatium EbN BssA (CR555306)
Thauera atomatica tdiSR BssA (AJ001848)
100 Uncultured bacterium LA07 BssA (GU133304)

69
5

1o

8

99

68

87
76

0.1

@ BssA clone OTU-16 388bp (KX148537)
Sulfate-reducing bacterium BssA (EF123667)
@ BssA clone OTU-5 388bp (KX148526)
@ BssA clone OTU-23 433bp (KX148544)
@ BssA clone OTU-4 388bp (KX148525)
96 @ BssA clone OTU-17 175bp (KX148538)
ﬂEGeohact@r grbiciae strain DSM 13689 BssA (EF123664)
) Geobacter TMJ1 BssA (EF123666)
@ BssA clone OTU-20 388bp (KX 148541)
@ BssA clone OTU-8 436bp (KX148529)
68 @ BssA clone OTU-24 436bp (KX148545)
@ BssA clone OTU-13 388bp (KX148534)
& BssA clone OTU-10 436bp (KX148531)
99— 4@ Bssd clone OTU-19 436bp (KX148540) i
f&lﬂ clone OTU-7 89bp (KX148528)
100 @ BssA clone OTU-15 125bp (KX148536)
Geobacter daltonii FRG-32 BssA (CP001390)

@ BssA clone OTU-2 89bp (KX148523)
Geobacter metallireducens GS-15 BssA (CP000148) |

#1 Cluster 1

@ BssA clone OTU-12 436bp (KX 148533) ]
#:2 Cluster 2

423 Cluster 3

@ BssA clone OTU-21 89bp (KX148542)
44 Cluster 4

TE: ®fURAMRINR MbssAIF 5, JFFME BT v B (T-RFs) KEHHAEGenbank P IIFF S o b5 N EEARFR 10% 1 4

AFE B Note: @ denotes bssA sequence obtained in this study. The sequence information includes lengths s and serial numbers of T-RF

in the Genbank. The length n the scale represents 10% of base change ( nucleotide positions )
El1 T bssATERE CEMEAIN-] ( Neighbor—joining ) ARG KL B

Fig. 1 Phylogenetic tree based on bssA clone library

0.045 ~3.70 mg kg™ "' . fICAT L, AHFEKRE
MR PAHS & B 7E Bk I8 A 45 R iE Bl 2
W, BRI OB, AR 2 T G
(i) B A0 1) 5 2R R IR S A Y DG B B [ - bss A
7 Wik S o TH 4 5 HLAT [ A A i R v G W Y gt 1%
BLait o e RESCEER AR ARW], M X - bss4
K FENP-TIHE (Clusterl ) Mo-TFIEH
( Cluster2. Cluster3flClusterd ) , A& FE5
B o e R SO BT FI KN 42.6%0 7 157.4% .
ARWTTERY], IR E 2 8 PHs 15 3 LY
thshbssAZSRE 27 B ARBRMLIL B K

o, - TR T — S SR Ak 20 TR AT LA A J Sy e
—BRIRHEATAE R O L T O-AE I B P A — SRR R
AR BRI 5B A B TR AR DY A SR Y e
S NIRRT X 3 -
I H I bssARTES RICH B ( Thauera ) FNE
SwE (Azoarcus ) AEUEWIEG KR, B
A ATE R AL ST RAER S FRAG YR GE
Syt WK IR A R - AR BT bss AR 5
MR EL LR ETRM1 ( Sulfate-reducing bacterium
TRM1) KHitFEJE ( Geobacter ) 4 UL %%
KA, FRWIMEE WLTFPHsTs Y L5, BA
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800 S S 54 %
O 89bp
| W 96bp
, O 154bp
5 4 N
2 | 175bp
o
= O 205b
3 d 252bp
oo
L] N e
&® m 388bp
-1 [T —— B 40%p
1 1 1 1 1 1 1 1 1 ! = 433bp

0% 10% 20% 30% 40%

50%

60% 70% 80% 90% 100%

% 1 BEYPT 5 H 4 B The percentage of each T-RF

e AP RZELMEREMZ (n=3) Note: The error bars in the figure represent standard deviations (n=3)

&2

R Al bss AT v S5 F B L

Fig. 2 Structural composition of the bss4 community in the soil samples
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Genetic Diversity of Hydrocarbons Degrading Microbial Functional Gene
(bssA) in the Farmland Soil Typical of Jianghan Oilfield

ZUO Xiaohu WANG Mingxia YAO Yanhong LI Zhenlun ZHOU Zhifeng'
( College of Resources and Environment, Southwest University, Chongqing 400716, China )

Abstract Farmland soils in oil fields are liable to get polluted with petroleum hydrocarbons ( PHs )
which consequently leads to enrichment of some special PHs degrading microbial groups in the soils. In this
study, soil samples were collected from typical farmland fields near five different oil wells in the Jianghan
Oilfield located in Qianjiang City, Hubei Province for analysis of PHs degrading microbial groups, using bssA

( benzylsuccinate synthase gene ) , a functional gene key to anaerobic benzenes degradation as biomarker,
and community structure of the PHs degrading microbial groups was determined with T-RFLP ( Terminal-
restriction fragment length polymorphism ) and clone library. On such a basis, environmental factors affecting
community composition of the soil bss4 were discussed. Results show that the content of polycyclic aromatic
hydrocarbons ( PAHs ) in the soil varied in the range of 0.21 ~2.01 mg kg™', which indicates that the soil
in this region was not seriously contaminated with PHs. Meanwhile, the T-RFLP analysis indicates that
bssA diversity varied significantly from soil sample to soil sample in this oilfield, being the highest in the
soil sample the highest in PAHs content, and its dominant group was in a fairly close kinship with sulfate-
reducing bacterium or Geobacter. Furthermore, RDA ( Redundancy analysis ) reveals that the contents of soil
available nitrogen, phosphorus and PAHs were all main factors affecting soil bssA4 diversity. To sum up, all
the findings indicate that the bssA-bhearing microbial groups in the soil of this oilfield are Beta-proteobacteria
and Deta-proteobacteria, and in close kinships with Thauera, Azoarcus and Geobacter in phylogenesis. All
these microbes might degrade PAHs through reducing metabolic processes of nitrate, sulfate, and iron.

Key words Soil; Anaerobic degradation; Benzylsuccinate synthase gene ( bss4 ) ; Community structure
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