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Figure 1.

Physical figure of microcosmic culture bottle.
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Table 1. Amplification primer of functional genes
Genes Primers (5'—3")
pmoA™! F:GGNGACTGGGACTTCTGG
R:CCGGMGCAACGTCYTTACC
bmoX!'% F:CAAAACGCCRAAGTGCCTGCC

R:CGCCTTSACGACTACRGARAGT

2 ERFAH
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5
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5
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5
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8.2x10* CFU/g
5
10 mg/L 100 mg/L
1.18x10° CFU/g
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1.42x10° CFU/g
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Figure 2. Number of methane oxidizing bacteria under
different concentrations of methane.
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Figure 3. Number of butane oxidizing bacteria under

different concentrations of butane.
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Figure 4. Variation of methane and butane oxidizing bacteria number at different hydrocarbon seepage level.
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Figure 5. Variation of hydrocarbon oxidizing bacteria number at none hydrocarbon inducing condition.
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Figure 6. Variation of functional genes under methane
inducing condition.
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Figure 7. Variation of functional genes under butane
inducing condition.
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Figure 8. Variation of functional genes under mixed

hydrocarbon inducing condition.
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Figure 9. Variation of functional gene at different hydrocarbon

9. FRBRREMHETHSETERFEELE

concentrations. A: pmoA abundance; B: bomX

abundance.
() 60000 ®) 60000
—a— Marco pmoA —m—Marco bmoX
- Micro bmoX
L —e—Micro pmoA |
5 50000 o pmoA-NTC . 50000 — Ao bmoX-NTC
s .g
§ 40000 S 40000+
: 3
g =
= 30000 |- S 30000+
2 3
& G
T 20000 *5 20000
R S
= S
10000 - 10000
0 1 1 1 1 1 1 1 I O 1 1 1 1 1 1 1 I

45 60 105 105
/d

E 10. FEBREHET pmod 5 bomX EREFEET{L sk

75 90

t/d

Figure 10. Variation of functional gene at different hydrocarbon seepage level. A: pmoA abundance; B: bomX

abundance.
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Figure 11. Variation of functional gene at none hydrocarbon inducing condition.

DNA

DNA

[1] Wagner M, Piske J, Smit R. Case histories of microbial
prospection for oil and gas, onshore and offshore in northwest
Europe//Schumacher D, LeSchack LA, eds. Surface
Exploration Case Histories: Applications of Geochemistry,
Magnetics, and Remote Sensing. American Association of
Petroleum Geologists, Studies in Geology No. 48, and Society
of Exploration Geophysicists, Geophysical Reference Series
No. 11, 2002: 453-479.

[2] Zhang CL, Pang XQ, Mei H, Li MW, Xu ZY, Mei BW, Hitzman

http://journals.im.ac.cn/actamicrocn



52

Lei Gu et al. | Acta Microbiologica Sinica, 2017, 57(1)

(3]

(4]

(3]

(6]

(7]

(8]

D. Application of microbial oil surveying to exploration of
lithologic gas reservoirs: a case from the Sanhu depression,
Qaidam Basin, NW China.
Development, 2010, 37(3): 310-315. (in Chinese)

Petroleum Exploration and

5 s s s 5

, 2010, 37(3):
310-315.
Tucker J, Hitzman D. Detailed microbial surveys help improve
reservoir characterization. Qil and Gas Journal, 1994, 92:
65-69.
Suo XD, Shi DY. Present situation and development trend of
Natural Gas

geochemical

Geoscience, 2008, 19(2): 286-292. (in Chinese)

exploration for oil and gas.

, 2008, 19(2): 286-292.
Xu FY, Peng DH, Hou EK. Hydrocarbon accumulation and
exploration potential in Qaidam Basin. Acta Petrolei Sinica,
2003, 24(4): 1-6. (in Chinese)

, 2003, 24(4): 1-6.
Zhang CL, Pang XQ, Mei H, Mei BW, Lin RZ, Zhang YP.
Identification of microseepage from macroseepage and
exploration practice
Zhenba block. Natural Gas Geoscience, 2009, 20(5): 794-800.
(in Chinese)

in Changling-Longwanggou area of

s s > s s

, 2009, 20(5): 794-800.
Mei BW, Yuan ZH, Wang XY. Microbiological prospecting of
oil and gas. China Petroleum Exploration, 2002, 7(3): 42—54.
(in Chinese)
, 2002, 7(3): 42-54.
Yuan ZH, Zhang YQ, Zhao Q, Jiang HF, Liu YY, Luo ZH, Li
X, Wang ST, Li B, Pan GH, Gao XY, Zhang GL. Progress of
microbial oil surveying to exploration of oil and gas in China:
a case from Daqing oilfield. Science in China (Series D):

Earth Sciences, 2008, 38(S2): 139-145. (in Chinese)

H > s > s 5 s

— . D
, 2008, 38(S2): 139-145.

actamicro@im.ac.cn

, Hitzman D.

(9]

(10]

(11]

(12]

[13]

[14]

[15]

[16]

Mei H, Lin RZ, Mei BW, Hitzman D. Microbial oil-gas
detection technologies:
prospect. Natural Gas Geoscience, 2009, 19(6): 888—893. (in
Chinese)

theory, practice and application

R R , Hitzman D.

, 2009, 19(6):
888-893.
Rasheed MA, Lakshmi M, Rao PLS, Kalpana MS, Dayal AM,
Patil DJ. Geochemical evidences of trace metal anomalies for
finding hydrocarbon microseepage in the petroliferous regions
of the Tatipaka and Pasarlapudi areas of Krishna Godavari
Basin, India. Petroleum Science, 2013, 10(1): 19-29.
Yuan ZH, Zhang YQ, Zhao Q, Jiang HF, Liu YY, Luo ZH, Li X,
Wang ST, Li B, Pan GH, Gao XY, Zhang GL. New progress of
microbial prospecting of oil and gas in China: taking the
satellite oilfield in Daqing as an example. Science in China
Series D: Earth Sciences, 2009, 52(S1): 152—158.
Yuan ZH, Fu XN. Microbial prospecting of oil and gas (MPOG)
in Taichang-hesheng area of Ordos Basin. Inner Mongolia
Petrochemical Industry, 2008, 34(20): 75-76. (in Chinese)

, 2008, 34(20): 75-76.

Deng P, Wang GJ, Liu YL. Experimental study of
microbiological oil and gas exploration techniques. Natural Gas
Industry, 2003, 23(1): 18-21. (in Chinese)
,2003, 23(1): 18-21.

Chen ZY, Min H, Chen MC, Zhao YH. Studies on
relationships among methane emission and methane-oxidizing
and methanogenic bacteria in three types of rice-field soil.
Acta Ecologica Sinica, 2001, 21(9): 1498-1505. (in Chinese)

s s >

2001, 21(9): 1498-1505.

Luesken FA, Zhu BL, Van Alent TA, Butler MK, Diaz RM,
Song B, Op den Camp HJIM, Jetten MSM, Ettwig KF. pmoA4
primers for detection of anaerobic methanotrophs. Applied
and Environmental Microbiology, 2011, 77(11): 3877-3880.
Kotani T, Kawashima Y, Yurimoto H, Kato N, Sakai Y. Gene
structure and regulation of alkane monooxygenases in
TY-6 and

propane-utilizing Mycobacterium sp.

Pseudonocardia sp. TY-7. Journal of Bioscience and

Bioengineering, 2006, 102(3): 184-192.



,2017, 57(1) 53

Changes of microbial abundance and functional genes in oil and
gas under gaseous hydrocarbon condition
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Abstract: [Objective] Hydrocarbon microseepage is a natural phenomenon that hydrocarbon gases of subsurface
petroleum accumulations migrate upward by reservoir pressure. The detection of the activity and distribution of
these highly specialized populations can be used to forecast the existence of oil and gas deposits. However, the
hydrocarbon-oxidizing bacterial population are usually not predominant in soil samples above the typical onshore
oil and gas reservoirs. It is hard to assess the abundance of hydrocarbon-oxidizing bacteria. [Methods] In this
study, changes of microbial abundance and functional genes were studied. [Results] Under gaseous hydrocarbon
condition, changes of methane and butane oxidizing bacteria were different. Furthermore, changes of functional
genes indicated that genome analysis was more proper for microbial anomalies detection. [Conclusion] The
profiling data of this study provide a comprehensive insight into gene expression profiles and lay the foundation for

optimizing the microbial prospecting technology.
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