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Abstract: The alkane-degrading bacterium and methanogenic were the important functional popula-
tions in oil reservoirs and their diversities were investigated by FISH and DGGE, respectively. The
DGGE profiles showed great difference between the alkB genes in samples. And the major bands de-
tected in injection wells were obviously more than them in production wells. The FISH results indicated
that the quantity of archaea was much more than bacteria in the samples and they had close spatial dis-
tribution in situ. The results indicated that alkane-degrading bacterium and methanogenic populations
were diverse in oil reservoirs and formed compact aggregates in situ. The incubation of Shengli oilfield
production water degraded more than 50% residual oil during 130 d culture, with the production rate of
methane reaching up to 1.57x10> mmol/(L-d). Molecular analysis of the functional populations of mi-
crobial community in oilfield will provide the information for better application of microbial enhanced

oil recovery.
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1 MRSk

1.1 ##
1.1.1 SR KEE:

> >

,4°C 4
2 (D) 816 ,
, (Huabei); (2)
19 , ,
(Ba); (3) 1-6
) ; (Gu); (4)
TN11 , 10%,
N N), 2007 8 9
112 RAFIF{LEF: DNA
V-gene ; PCR Promega ;
Invitrogen ; GelRed
Biotium ;
PCR MJ ;
DGGE Bio-Rad ;

(BX51T-32P01-FLB3)
1.2 #HEmAIEFD DNA 2EX

Olympus

70 °C 30 min, 30%
/ / (10:10:1, VNV/V)
, 2 , 40 mL, 15 000xg
10 min, ; 40 mL 3
2 ;
75% ;
EP , 15 000xg 10 min, ,
DNA

1.3 (IR EAEEEE (alkB)H & 31 ¥t
Pseudomonas putida
(CAB51047) Pseudomonas oleovorans GPol (P12691)
Pseudomonas fluorescens Pf-5 (AAY92207)
Mycobacterium tuberculosis H37Rv (CAB08323)
Acinetobacter sp. ADP1 (AJ002316) Pseudomonas

marginata PAO1 (AAG04914) Rhodococcus
erythropolis (CAB51053)  Nocardioides sp. JS614
(NC008699) 8 , ClustalW

[15-16]

5’ GC , alkB
PCR-DGGE , : D-alkF
(5'-GCTCAYGARCTRGGTCACAAG-3'),
: D-alkR (5'-CGCCCGCCGCGCGCGGCGGGCG
GGGCGGGGGCACGGGGGGGCRTGRTGRTCYGA

RTG-3") PCR 600 bp
1.4 alkB ERE I EFAF= 4k
, DNA
alkB , (16}
7 mol/L
PCR DNA, 8%, 160 V
1 h, ,
DNA ,
EP , , 100 pL ,4°C
16 h, 10 000xg 10 min, ,
20 uL DGGE (171
1.5 alkB #EF#) DGGE 4 #f
DGGE alkB ,
DGGE 8% / (37.5:1),
40%—70%, TAE
, 60 °C, 200V, 5h
, GelRed , UV alkB
DGGE Dice (18]
DGGE Cs=2j/(a+b)x100,
a 1 ., b 2
5 ]
16 HFEKTHIRIE. NEFEFMFESISH
DGGE ,
1.5 mL EP , , 50 uL TE
,4°C 16 h, 1 000xg 1 min, 2pL
PCR , G-alkF
(5'-GCTCAYGARCTRGGTCACAAG-3"),
G-alkR (5'-GCRTGRTGRTCYGARTG-3"),
PCR DNA
(V-gene), DNA ,
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pUCm-T R T4 R 1.0 mL/min, 280 °C, 1
6 °C 18h , E. coli uL, (250 MPa, 1 min), 3
DH 5« s mL/min,; : 50 °C 0.5 min, 10
GenBank °C/min 100 °C, 1 min, 5 °C/min
1.7 RAERHBLZIZ(FISH) 200 °C, 5 min, 2 °C/min 300 °C, 5
, 4% min; 300 °C, 2.5 min,
, PBS 100% ; 6 min, (ED), 1.2 kV,
1 uL, 250 °C ,
) , CY3(
) Met FAM’5 ( ) Hyr 200 pL GCI112A
, , , 5 A , 4 mm;
1, 46 °C, N, 1.5 mL/min; (FID)
25%  35% 20 min, , (TCD) ;
; 200 °C; 200 °C;
150 °C 5 min, 15 °C/min 200 °C,
15 min
%1 FISH X REtF5
Table 1 The probes of FISH 2 %%
FISH
Objective species FISH probe Sequence (5'—3’) 2.1 alkB % E4] DGGE ?E’éﬁlﬂﬁﬁj\*ﬁ
Moyl GGCCACGGTGCGAC 4 DNA , PCR
Methanogens CGTTGTCG
DGGE , alkB
oy AGTTAGCCGGTGCTT
Hydrocarbon- Hyr CCT DGGE 1 1 , 4
degrading bacteria
DNA 9 8 6
N T ke T, alkB ,
1.8 AMERERERR
1 2 4 alkB 3
s H1 4 s
(NH,),SO, 2 g; NaHPO, 14.34 g; KH,PO, 5.44 g ; Acidisphaera. sp.
NaCl 0.5 g; MgSO, 0.24 g; CaCl,2H,O0 14.7 mg; C197 alkB (AYS817739)
ZnS0O47H,0 2.01 mg; (NH4)¢M00O,44H,0O 0.15 mg; 81%
CuSO;5H,0 0.2 mg; CoCly6H,0 0.4 mg; ' ' o
MnSO4 5H,0 1.49 mg; pH 7.0, >
1 000 mL , ’ 4 2
250 mL : 100 mL, 1x10° Pa ; 1 2 o 59%,
30 min 37 °C > 3 4 2,
1304, 30 mL , 3, 1%, 5 2
GC/MS )
GC/MS - 1 4 ; HI1
(Shimadzu, GCMS-QP2010), DB-5ms (30 mx H4 ( D, alkB
0.25 mmx0.25 um, J&W Scientific), H4 ,
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Marinobacter aquaeolei VT8 alkB
(CP000514) , 82%,
[22-24] 2 ; ,
alkB
4 N6 N8 ( D,
N8 3 ,
, Marinobacter
aquaeolei VT8 alkB (CP000514)
83.5% 83.9%

>

1 ATE#&mEY alkB EF % #£1EH DGGE 547
Fig. 1 DGGE analysis of alkB gene fragments amplified

from different samples
Note: 1: Huabei sample; 2: Gu sample; 3: Ba sample; 4: 7N sample.

22 FEREEEMEMMEE A FISH 2325147
FISH

2.3 AIHEMEREFR L

130 d « 3,

50%

B2 #HEk#ERm-REESREBENZTESH

Fig. 2 Spacial distribution of methanogen and hydrocar-
bon-degradation bacteria in the water sample from oil res-
ervoir

Note: Arrows indicate Methanogen-like cells (red) and hydrocarbon
degrading-like cells (green); Photographs are overlays of several
confocal microscopic images; Magnification times (x1 000).
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Fig. 3 Total iron current chromatogram of the different component of petroleum hydrocarbon
Note: A: The oil composition in original medium; B: The residual oil composition in the culture broth after 130 d.
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Fig. 4 The production of methane and hydrogen during the
culture of the oil reservoir water sample from Shengli oilfield

Note: White dot: Production of methane; Black dot: Production of
hydrogen.
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