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PS5 5 100 ~200 em BE3E TAE R 58— BURE R BE#EA T RS FE e SR (BT R i — A0 i B iE.
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Spatial Quantitative Distribution of Hydrocarbon-Oxidizing Bacteria of

Unexploited Oil and Gas Fields
MAN Peng, QI Hong-yan, HU Qing, MA An-zhou, BAI Zhi-hui, ZHUANG Guo-giang

(Key Laboratory of Environmental Biotechnology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences,
Beijing 100085, China)

Abstract: Spatial quantitative distribution of methanotrophs and C5-C ¢ hydrocarbon-oxidizing bacteria of different depths (30, 60,
100, 150, 200 ¢m) from the unexploited oilfield, gas field and control area was studied using Real-time PCR. The objectives of this
study were to understand the quantitative distribution of hydrocarbon-oxidizing bacteria in the regions of unexploited oil and gas fields,
and provide basic information for the development of oil and gas exploration techniques. The results showed that the gas field area had
higher content of methanotrophs ( pmoA), 1.34E + 04-3.90F + 05 copies-g™', and the copies of pmoA decreased with depths.
Compared with that in the gas field, it was lower with only 3. 14FE +02-4. 32F + 03 copies-g ™' in the oilfield. Remarkably, the oilfield
had a relatively higher content of C,-C,, hydrocarbon-oxidizing bacteria ( alkB) with 1. 38FE +07-3. 61E +07 copies-g ™" soil below the
depth of 100 ¢m than that in the gas field (5. 82E + 06- 3. 52E + 07 copies:g~') and the control area (4.24E + 06-2. 14E + 07
copies+g~'). The distribution of methanotrophs was significantly affected by the total nitrogen, organic carbon, pH with correlation
coefficients were 0. 859,0. 631 and - 0. 549 respectively. Within the depth of 100-200 cm, where physichemical properties such as
total nitrogen, organic carbon, pH were relatively stable, the content of methanotrophs and C;-C,¢ hydrocarbon-oxidizing bacteria at
different depths varied little. Furthermore, there was indeed abnormal methanotrophs in the gas field and abnormal C;-C,4 hydrocarbon-
oxidizing bacteria in the oilfield below the depth of 100 cm. Besides 100-200 ¢cm was more suitable as the oil-gas exploration sampling
depth in this study which also required further validation.

Key words: unexploited oil and gas fields; Real-time PCR; methanotroph; pmoA; C;-C,, hydrocarbon-oxidizing bacteria; alkB
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ARIFFAM T+ r B =

PRt , A5 89 818 b H B9 7E T F ] Real-time
PCR FAR, 4 M AR TF A < 3 3 A 3 ) S Ak T
(WBESAALA . Cs ~ C AL BYSE &0, L
P2 IR RZ IR DXl 5 b 2 Jas 8 A e 2 ] 3
PRI ATRFIE R 1A%, LU S il B R B R 1Y
K SRS IERE TR

1 RS

1.1 R

FE it 2R 1 e ) T 30 1) e — /N SR TR T S
FH(117°45'E ~ 118°21'E, 37°34'N ~38°11'N), %
LRt LA S T = AN i T 2 AR i A
TR ANE ] RS ), R AR
% ARKARIEPERE 2, pH 200 8.7, i R A B 8 /D
F B ARAL A ST R BRAE A . 7E AT AT AR
T — R AN A7 C Az DO <
TR ATAE , FFIEAT T v 0 DX 3830 43[R B o
DX R BT e st e, DX N A H At Ay
TR, H R 52 M 58/, BURE S 440 1 ik <
PRI A IR B 3 AN X el AT & il A A &
A A X BRI 3k, = 35 B R R 298 2 km, IF7E
N e E T B TR A DGR A T A [ T 1 R |
530, 60, 100, 150, 200 cm. &4~ HEFT 3 IRE R
(B UElalbE 1 om) I 3 TS ERE AR S, L
ARG BT UK L, ST BV 2500 % - 20°C PRAF
1.2 el o e

SR AR R 5 3117 43 5 O A T R 4 A B R
LR br , B AG A A A PLR A R AR K
% SO;~ .pH 4.
1.3 & DNA #2105 PCR ¥4

FREL0.5 g £4F, FIH FastDNA SPIN Kit for Soil
(MP Biomedicals ) i 7] & #& B &L DNA. B 5 F H
Nanodrop ® ND- 1000 UV-Vis Spectrophoto-meter
(NanoDrop Technologies ) Xf 3R HX [ & DNA #47H¢ BE
Bz Rl
1.4 Real-time PCR

€ 1 PCR X W 7 Mx3005P QPCR Systems
(Stratagene ) (¥ #% FHEAT, DL 1.3 72U & DNA
M. B R A SYBR®  Premix Ex TaqTM

(Fermentas ) , i 7 i H J5 ik I & & 2 BEUL A 5.
pmoA FERIBL Iz Wiz HI T PREEAF b v F e S A TR
ARG 55 2 S 202 AR pmoA B R R, TR
MBSl A189f (5'-GGN GAC TGG GAC TTC
TGG-3") #1 mb661R (5'-CCG GMG CAA CGT CYT
TAC C-3')"™'. Ll uncultured bacterium clone M- 5
pmoA gene ((GQIO6777 ) kA U i #4) A U Hh £k
Real-time PCR JT ¥ 29 :95°C 10 min, fi)5 95C
AEPE 20 5,57°C IR K 30 s,72°C #E{H 35 s, 5 1% AE
40 U IFTER KM BEARSRIUE . 3 C5 ~ G )8
AL TR 58 B EE alkB Y0 54y
A alkBFd (5'-AAC TAC MTC GAR CAY TAC GG-
3') # alkBRd (5'-TGA MGA TGT GGT YRC TGT
TCC- 3")"'. LA Salinisphaeraceae bacterium PC39
alkane monooxygenase (alkB) gene (GU596486) Atx
HEAh. KRR P4 :95°C 10 min, BEJ5 95°C A8 1% 20
s,52°CiB 2k 30 s,72°C I 20 s, AL IZAEER 40 1K,
IAER KK £ 15 5. A MxPro QPCR Software

(Version 4. 1) 73Hr e w2k
2 HRESWH

2.1 bR

JITHURE i SRR PR BT AR 1 . 45 X 5 pH
(8.31 ~9.09) P B 1. ¥ JZ (30 ~100 em) X3k pH
BEIR A8 A 8K, 150 ~ 200 em 5 AH M 4 58 . 1
150 ~200 em B, T RO X 38 pH ~F3{E 200
8. 80, il I X I £k 8. 50. < H 30 em b2 E & &
75 T AR A, A XBME 22 R R, e A
0.126 ~0.695 g-kg™". GLil4rHT Won, 16 %W 58 X
BT B 6 A 5% KA BEHE b, BROK I SO3 -
(IX3[], P =0.017) A &8 (XA, P =0.025)
A2 RN AR AR AR AE AN [R] DB [ VR B ] 2
C I NTE S
2.2 i DNA #2H

{4 FastDNA SPIN Kit for Soil 55 DNA £
TR RER KIS 20 7 BUR BE 295 15 kb, B6Ah, R
Nanodrop ® ND- 1000 UV-Vis Spectrophoto-meter
(NanoDrop Technologies ) % 4k HU Y &1 DNA #1746
T, £ FE 55 DNA MBS (LUBTEE 13380 ) 4E 35 E 2 ~
7 ngeg”, HATERGE, T 3 H T PCR 471,
2.3 WAL (pmoA)

pmoA FE[H Real-time PCR 4 #4451 7R Eff. =
98.3% ,RSq:0.999. AT X 35k H Jo S8 A BT 43 A
Bl 1 FioR, pmoA & fEAEAN A X3 (P =0.049) AN
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Table 1  Physical and chemical properties of soil samples
TR IR i) 3 %ﬁq ﬁmﬁiﬁ ﬁiﬁlﬁ?’iﬁl éj‘iﬂl%ﬁil k¥ 503~ o
/cm /g kg /g kg /mg-kg /mg-kg /mg-kg !
30 0.616 5.73 3.12 194 633 8.47
60 0.274 4.02 3.10 150 285 9.08
PO 100 0.398 2.91 3.02 94 338 9.09
150 0. 536 4.58 7.14 400 609 8.77
200 0. 422 5.79 7.40 401 584 8.87
30 0. 160 1. 64 4.28 94 467 8.54
60 0.171 2.06 5.00 100 399 8.62
i H 100 0. 695 4.68 5.40 271 369 8.52
150 0.239 2.73 4.34 89 353 8.49
200 0. 126 1.68 5.08 132 338 8.50
30 5.930 6.61 1.84 148 336 8.31
60 0. 741 5.50 2.18 170 321 8.38
K 100 0.456 4.62 2.46 172 169 8.97
150 0. 695 4.36 2.30 138 216 8.78
200 0.182 1.38 1.76 75 145 8.77
VREE) (P =0.022) 22 5 8.3 7EXF BRI, pmod B BEUIAHDE™ . iy FH DX ARG 45 RO F AR AF 53X — 40 A1

TRPE RS W9 /0, 30 em Ab 5 35 2. 12E + 05
B J5 60 em Kb FE 2 2.36E + 04
71,100 ~200 cm FEAETE 6. 66E +03 ~ 1. 40F
“UFES X3, pmoA AR/, AU
3.41E +02 ~4.32E +03 copies-g ™", B I B () IR
SN R A S R GR BE 1R 22 581 Hijc{ﬁu?
100 cm 48,200 em /v, S H XK pmoA % fE i 5 T
iR X IR OX Bk, 30 em 4b 35 3.90E + 05
O BE R Y N R B 0, RN
1.55E + 05, 2. 16E + 04, 1.34E + 04 1. 60E + 04
copies-g ', 7E 100 em DL IREEHIXI AR AE .
MIRPEFfE 30 ~60 em [ AN 1 (a) 14k pmoA &
FAHXTRE R (XFIE A H) ,100 em M H DL FEEEE[ a0
K 1(b) HHXT&/J\ It HAEXT T2 X3 pmod 5
AR E. X5 pmoA A ot SE AL T A0 4 SRR

. -1
copies-g
copies-g

+03 copies-g

copies-g

'—+—|
30
§ V222%%0000
E = o
o | il
(a) Fopi]
Z | | | |
0 1.00E + 05 2.00E + 05 3.00E + 05 4.00E + 05 5.00E + 05

pmodfit/copies-g!

HUREEIE/em

FEPE, FEJELE 30 ~ 60 em TR FE, pmoA 351&4\,@
TE 100 em DL R 55060 B XA — 2.
B TEAIFE DI, il = X S A7 e A

T pmoA (It B AL T ) B0 v . U X pmod

R TE T TR EE Y I i T AR B AL X R, T B TR
JEPIMERTTIR D, 78 100 em LI R IR EE AT RS AE . i
HH X35, pmoA 5 F /N BEARRETR B 52 N\ " B A,
TE 30 ~ 60 em PRBEAHXS T %8 B DX 480 ] 8 f 1, G iR
A TR iE— A8, e RAEAL T 100 ~ 150 em RJEE,
AR N AR AR E . TER L b HCHs B0 £l
30 ~60 em VREEANUAETE S H pmoA & it 34 K 57
H TRV AL A7 it AR XS % B DX 0/ . T
A X35 100 ~200 em BREE pmoA & ARXRRE , R
22 S IHARE (P =0.058) , Ifif K 1] 22 54 I
Z(P=0.001).

100
G

Lh
=1

....... e

200 (b)

1 l l 1

0 5.00E + 03 1.00E + 04 1.50E + 04 2.00E + 04 2.50E + 04
pmoA g fit/copiesg ™!

E1 pmoA EEXEARRTERENSH

Fig. 1

2.4 Cs~C SRR (alkB)

alkB 2:[H Real-time PCR ¥ #4451 7~ Eff. =

Distribution of pmoA in different depths

98.5% ,RSq:0.993. A Xk alkB 4345 QA 2 Fii/K.
alkB TEA DX I8 P BE TR B 2 AR [A] Af #a 3, IF
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TAT R R A SORE L. X IR X8, alkB 15V
JEFRIZ 3 A AH 22 AR K ,60 em 25 EE K 1. 15E
+08 copies-g~',30 cm A1 100 cm 53514 1. 98E +
07. 2. 14E + 07 copies+g~',150 cm 1 200 cm YT
28N W alkB 53 A 5 pmoA — 2, 2 A"
FIRRAELLT 100 em, HAR £ R BE & A 22 A K.
U alkB 755 BEVR B AZ AR 2L, A TR R 3 1] 22 55 B
2, 60 ecm, 150 cm Ab A XF %88 K, A TR BE AR X
B

HURE R i em

L 1 1 L
0 2.50E+ 07 5.00E+ 07 7.50E + 07 1.00E + 08 1.25E + 08
alk B fit/capies-g !

B2 akB EERBARLTIERENDH

Fig. 2 Distribution of alkB in different depths

TEAN ) O T B 30 LN, alkB 76 4% X 0848 T 1 3
WA pmoA —FEM] B A 43 A, %A KR
APEAHRIYE. 30 em 4b, S H alkB /N, KR
XIRA AR, 60 cm Ab, X HEIX I alkB & EAKIHE K,
ikF 1. 15E +08 copies+g ™", S H A H & A —
. 100 em AbyH 5 & B K, SH A/ 150 em 4b,
S HERETERK,AXTF 100 em 4 H e/ MEA B
S RE  HOR gl . 200 em Ab A SRR AR b
M IR KA. B2, alkB 75 4% X 38045 8 B 1 %A
pmoA — R I 43 4. 7F 100 em LA EREE, T
H ) alkB S ABXTRS R, WAE 100 em DL _BBREE, X
HRIX I, alkB 5 5. LAk, SPSS GEit 43 i,
X a) 255 B E P =0. 577 IR ] 22 55 W &1k P
=0. 258 , AW R KX alkB 3 A 5T A B 2
2.5 A S IREE A

AL S 5 IR R M N 2 W] A 2 R
BN 2 Fron. T X e s A, A A AL
ﬁz)%\pH 5 pmoA B 5 A A e B e H W
Hrh 2% AHIKE pmoA B IEAX, pH B F A,
FEWIZ DX I ot S8 A TR 03 A 2 S SRR B R e 5K

UEAN, et T R 7RI 5T X IR v i) 6
AE TR AR FR R, BROKIE SO (X IRE], P =
0.017) A3 %00 (X IK[A], P =0. 025) £7 i & 2 341,

HARAR R [F) DA ) R B ) 22 53 F A B 2. 3R
WITEIZ X0 pmoA T 532 6 A FRIEFE FRs i AH X 45
JIN R T B S A S e S G B R A
®2 RENESESESHMERZ AMNHEXREY
Table 2 Correlation coefficient between various factors and the
content of hydrocarbon-oxidizing bacteria

HIXRE @4 AO A A8 KiE S0 pH
pmoA 0.859** 0.631* -0.465 -0.061 0.098 —0.549°*
alkB -0.225 -0.005 -0.148 -0.152 -0.208 0.365
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