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Research on Population Structure and Distribution Characteristic of Indigenous

Microorganism in Post-polymer-Flooding Oil Reservoir

ZHAO Ling-xia, GAO Pei-ke,CAO Mei-na, GAO Meng-li, LI Guo-qiang,ZHU Xu-dong,MA Ting
(Key Laboratory of Molecular Microbiology Technology, Ministry of Education, College of Life Sciences, Nankai University, Tianjin
300071, China)

Abstract: Denaturing gradient gel electrophoresis ( DGGE) method and principal component analysis ( PCA) method were used to
analyze the structures of microorganism population in injection wells and production wells of a post-polymer-flooding oil reservoir in
Daqing oil field. The results showed that the dominant species in injection wellhead were aerobic bacteria Pseudomonas and
Acinetobacter. Facultative anaerobic bacteria Enterbacter was the dominant bacteria in near area of injection wells. Bacteria detected in
production wells included Thauera, Clostridia, Pseudomonas, Petrobacter and some uncultured bacteria. Methanosaeta turned out to be
the only archaea detected in injection wells, which was an aceticlastic methane-producing archaeon. Archaea detected in production
wells consisted of Methanomicrobium , Methanospirillum and Methanobacterium. In general, aerobic bacteria, facultative anaerobe, and
strictly anaerobic bacteria distributed successively from injection wells to production wells in this block. The dominant populations of
archaea were different between injection wells and production wells, while were influenced by different environments and microbial
metabolism products.

Key words: post-polymer flooding oil reservoir; denaturing gradient gel electrophoresis; bacteria; archaea; principal component

analysis
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X ZANRE A R I 23 AT, DR O T A R 2
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R DR 3 R 3 — ) RS X B, 12 X B 7 R K 3
— ELHEAT KA, DA™ WA R 01 K 47 976 34
etk
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ARSI FEXH AR 5 DK 8 1SRt
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1 2 B3 04 FIvES, 8 O anl w1 F
2. K3 KR4 K5 K6 KT LIMCRS. HfiiE2 A
HEWURE | T S B 7K 30 S bty B P o A L
FEARA S T 1 BURE. FH K TR 1 58 A A7 R B 7K R
J& B 4CORAE  TE 48h INALFL.

1.3 7KFfE DNA FOHREL

BKRET 4°C 8000 remin~' .0 15min 15
1A, SR FH 3 5 SR A s -l v - 2 R AR 45 6 1 O 1 4
WL, AR E D S B O R R R E AT 1
mL Lysis buffer (0. 05 mol-L™" Tris, 0.04 mol-L"'
EDTA, 0.1 mol-L"'NaCl, pH 8.0) 1, A 0.3 ¢
B4 0.1 mm ﬁf%‘}]ﬁk,4 800 r-min "' IHHE 1 min,?ﬂ(?ﬁ
1 min, & 3 . A& W B (L% E 10
mg-mLfl) ,%%{ﬁ'ﬁ/}j, F 37°C IR 1 h, BRIE A
100 pL 20% SDS,IE~))5 65°C 441 30 min J&, LA
5 IS AR -5 - IR (25024 1) i
PRER, REMEE 2P EEA R R EAE NI,
¥ LB WL R B O T, A 0.6 5 RBUY
PV, 25 TR #4830 min, T-4°C,10 000 r+min "'
B0 15 min, 37 EWE A 1 mL 70% ZBEWE%, B
O U A iR TE 280 (10 mmol -1
Tris,1 mmol-L™"EDTA ,pH 8.0) 1, J110. 7% W35l
T JE L ARG ) 8 BB S5 PRI 4.

1.4 JREFGRAED) AR I TR 16S tDNA & ] A8 [X.
HOE7a:

A A T AY 16S rDNA 5 1] 48 X F B Wil
HIB1 ¥ 1055£/14060-GC F1 51 ¥ 46£/1017r, 3444-
GC/522r ¥4, 519 F 50 an =& 1 Fis. HAKH PCR
SRR k.

*1 ZAEEE 16S rDNA EHE|#D

Table 1

Universal primer for 16S rDNA amplification in bacteria and archaea respectively

Bz GIE/E2 S k72! H A Be

g lie) 1055f 5'-ATG GCT GTC GTC AGC T-3’ 4 H 16S rDNA V6 ~ V8 745X, £ 390 bp
1406r-GC * 5'-ACG GGC GGT GTG TAC-3’

7] 46f 5-YTA AGC CAT GCR AGT-3’ Wi 168 rDNA F B, #1000 bp
1017r 5'-GGC CAT GCA CCW CCT CTC-3’
Arc3441-GC 5'-HGC AGC AGG CGC G-3' T 16S tDNA V3 748X, 25 210 bp
Univ522r 5-GWA TTA CCG CGG CKG CTG-3

1) GC* N—PBk#y40 bp BIE & GC HIFEHI, AN N . 5'-CGC CCG CCG CGC CCC GCG CCC GTC CCG CCG CCC CCG CCC-3'

1.4.1 4HE 16S tDNA V6 ~ V8 F AR X 1

5515 19 10558/1406r-GC HEATH 18 | [ 1A %
50 wL[5 WL 10 x Buffer .2 wL dNTP Mixture ( £ 10
mmol-1."") | 0.5 wL IEMZI# (20 pmol-L"") , 0.5
L S 514 (20 wmol-L™") (20 ng DNA & Az Al

0.5U Taq DNA AT, R H TouchDown PCR, JZ
M . 94°C TS PE 5 min, 94°C 5P 45 s, 1Bk 45
s,72°C i 90 s (iR KR EE M 60°CFEZ 52°C, 3 20
AMER) , 2ZJ5 FREAT 15 DEIR (94°C AP 1 min,
55°CiR K 1 min,72°C ZEAH 3 min) ,72°C J5 L& {H 10
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min,4°Cé§l|:.
1.4.2 57 16S rtDNA V3 5745 X4 4

KA PCR P78 H i A B, Wi kAT, 2R
—F P T 16S tDNA i F T 16S rDNA i
514 46f 1 1017, ¥ 38 [ AR RN 50 pL[5 pL
10 x Buffer .2 L dNTP Mixture (£ 10 mmol-L™") |
0.5 pL EMF1¥(20 wmol-L™") [ 0.5 L 514
(20 pmol-L™") .20 ng DNA EiHZ #1 0. 5U Tag DNA
BAWE ], PCR 4444 :94°C 78 5 min, 94°C 25
45 5,50°CiR ‘k 45 s,72°C %EA# 90 5,30 MEH,72°C
JE JEAH 10 min ,4°C & 1k 55 =2 LIS —2 PCR /™~
VIR, 5 514 Arc344£-GC Fl Univs22r ¥ 14
16S tDNA V3 X Jy B, &8 R Btk & [F 25— 20 >R
TouchDown PCR, Jz I £ 1F 77 :94°C Tl 25 £ 5 min,
94°C A5 45 s, ik 45 s,72°C FEAH 90 s (IE K IR
M 65C FF 15 N [, B E A% 0.5°C, 4 20 1~ 1E
W), Z G FET 15 MG (94°C A8 M 1min, 55°C iR
K 1 min,72°CZEff 1 min) ,72°C J5 ZE{# 10 min,4°C
21k, PCR F=HIH 2. 0% Bt W s reL KRG .

1.5 MR B K (DGGE)

F] A Dcode™ Universal Mutation Detection
System( Bio-Rad ) #£4T DGGE 23 #1. 2l 16S rDNA
V6 ~ V8 A8 X ) DGGE 254447 : 6% 3 1A I Ik g vt
K& ,40% ~ 60% 1Y A5 1 711 ¥ BE Y Rl (1009 1Y A5 14 741
97 mol- L' YR ZE A 40% A9 £ T H B AV IR &
1) ,DNA _F#ERR 200 ng, ZE PN 1 x TAE,60°C
fE I, 160 V E R F&F N K 3.5 h; 1 16S tDNA
V3 A X ) DGGE 451424+ 10% 19 5 TN I Mok e 45
JBE,35% ~55% WASPEFIRREE ,60°C 1H i 200V 16 &
FAFFARVK 4.5 h BUKES S, 10 mg-mL ™" EB

Y, 15 min, i ft, B Bio-Rad BER R R Gk
14, i Quantity One 345X UL T 04T
1.6 HAYZ&H Ay I Sy

¥ B0 BT AR BERE Y] T {1 FH 2R R A% IE
BEIE [FTGAF & ( HAS Bioflux 235 ) [N, FE- U Xt
N AR “ GCT [ 16S rDNA = iJ A8 X 5| #4348 | 4%
Jo #3525 0 L 2 2 pMDI19-T Ak ( H A
TaKaRa A1) I, ¥ ARG E DHS o JERSZ 41,
i A BOE A ) S B, 2% At =i B A
aasipl A 8
1.7 B

I (%) 7 5 #E GenBank Hil i Blast #E17 FLXT,
3B HAARRUR & 7 B 8 Bl 3 51 5 A UY
ST Clustal X1. 81 HEJF, 25 BUAY T 51 SO 2%
RHFE AL )5, # ] MEGA 4.0 # {4 tF & Neighbor-
joining .15 Ml Kimura two-parameter 155U #4) & 28 4
KB ST 0] [R5
1.8 PCA 4#r

HRIEAAFE B9 DGGE &3, FH SPSS 16. 0 %%
PR 28 A T V5 S5 A A T 3 L0 0T

2 HRESM

2.1 HbJZAA

ZIX U2 8 T8 A 2t 2 A v LA
L AR RN TR DA R T )2 B
42, 4°C. e A S B A I AR AE 26% ~29% , 1%
Wt 13% ~16% , BRIl B0 0. 856 g+ (em’) ~', %k
JE 8. 75 mPa-s, BERF 23, 9°C. ARG EE B T4
Tk B R B S TR A T A B b OR R T2
M (R2).

F2 AR REUFHL / mg- L~

Table 2 Chemical composition of the production water/mg-1. "

R R ES Na* Cl- Ca’* Mg?* Mn2* Ac” NO; PO; - S03- HCO;
WRE 508.7 2030 4.85 42.5 0. 048 39 1.1 1.6 9.9 380
2.2 FEACREE i A e PR 2 2 v DK ARG I S 3 31 6T AR I 7

A AN [ A BORE J7 1 BEAT AR i R ER K R
TE 2 9 SCHEIBURE | FH R BEAT I - M fy T 2 W e 5 4
3T, AT TR I J 3 I T SR B e v A K 3 i
Tl A= A Fre v 2, SR Hh G T I R A, S BRR 3
H AT R AR R T HURE A R 20K 2 SO H 2 X B
MTEEARFH: 12 K - A 0 - b 15 2 Rl e A
UEH U Sl A M o A A DL
2.3 DGGE 77 #t

511 14 40 1 A1 R B9 16S tDNA 5 Al 28 X F 5]
B e W B B R UK 58 0 K /N KOV B #E 4T DGGE
S3HT
2.3.1 ZHEHEE S AT

PR H AN 16S tDNA V6 ~ V8 2 1] 725 [X.
H Bt K24 350 bp, DGGE [Ei54n /&l 1 fR.

AN LA R 2 246, Hid 4 TRkt
(1) DGGE I3 78 2% £ LA R 34 2 1) Fh 2 1
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FVKGEIRE R R -1 L, 20 TE2, 30 3, 4 4,5 1S, 6. R 1, 7. 0R2,8 K3,9. K4, 10. K5, 11 K6, 12. R7, K8;
BRI B1 ~ B32 HEATIFFU AT 45t , TR
1 #A% 16S rDNA V6 ~ V8 S EX DGGE B
Fig. 1 DGGE profiles of the V6-V8 high various region of 16S rDNA in bacteria

AEHARRL, RGEFAL TR (& 2) A B 40 T8 43
A& T B-2BIE H A ( B-Proteobacteria ) Fil y-22 1 I& 44
(y-Proteobacteria) , LA S AT J& ( Pseudomona , band
B1, AHMIM: 98% ) FIAS BT B & (Acinetobacter , band
B2 AHAAME 98% ) A HFIRE. R AR 2
HB 0 K AR 22 S 0K LRl 8 24
kP& ( Enterbacter ,band B7 , AL 99% ) |, 7 FT
TR S R DR AU, A i Pk HL R e At 2R TN Tt
iU DA R A RS R A

SO R A 4 A B B A
ANTR] ) SR e 22 [0 4 TR 44 ) 2 S, LUK, pI 3%
PR AR, oS Rib R 1 FER 2 0 4 18 #F
TELEA B AL, UL ) [ 8 ( Thauera, band
B19, AL 99% ) #2144 ( Clostridia, band B18, #H
AP 98% ) MBLEMITEJE (band B22 , AR{BIME: 999% ) Al
AT & ( Petrobacter ,band B23 , #H{LI1E 99% ) 3=,
Hoh 2% SR UL A T A R L TR R A S AT i
J& AR FE 40 ( Uncultured bacteria) , ANl T 1 &
Je PR R R DL A B A P LA B R
Kb beda > AT RE B B I 41 22 At B L
A KRRl 7 R RV RN T BB DI RE
S TR R FLAT ST TR I R A D RE 2 7 SR 9K T i
WA RN R T R IR AR R R, TR

W T A A T A I SR 2% T R R S 2 it ek A
Y& 0 SRR I T AL, e RS TR Y
AR SRR, S H A AR X LE DRI A P Y
FFAE R INZIMB R A ARG A T P B 7).

DGGE &5 & B, 7K 3 1 3 K I3
Ity B BRI D0 F 20 TR T AR T A B A
TR e DR AR R A0 TR L B ™A% DR A LA AT, 5 1 M 4
W R A b3 — 3 1 DGGE 4341 2 B - S8 40 1
NS T T AR T B A AE TR I ki
B RIRTETC AR T AR RS2 il E 2 20 i vT A8
AR, PRI S 224G vl % B
2.3.2 T 16S tDNA V3 A5 X 1) DGGE 434

M DGGE [Eli% ([l 3) WT LA i, AH X T 40 7 ok
Ui, VFEZK I 2Z [ FR il - 22 (] A oy TR TS IR 2 Fh 2858
AR RE. MIERGE AT EEGR (K 4),
SRS (425 77 5 S AR L o T A b SR T E
( Methanosaeta) . BEFT 5 J& ( Methanobacterium ) , H!
Lt B B I8 ( Methanospirillum ) . W %t L W )&
( Methanomicrobium) SR '] ( Crenarchaeota) VA X
AHi 2 (Uncultured archaea ) . 1 7K H: A 79 B A
FBCH— I BE 521 )8 (band A1 A6 (A8 il A9 A
IVE 100% ) HAERIMIEAE i b AT 5 1 A
K AP BORKS H #9 T B A 1R & (band A5, AH
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68 | B30 (JF928414)
721 B19 (JF928405)
69 Uncultured Azoarcus sp. (AY098637)

6011 B17 (1F928403)
86 B16 (JF928402)
100 B14 (JF928400) y-Proteobacteria
B23 (JF928410)
_OQE Tepidiphilus sp. (EU250944)
69 & Petrobacter sp. (DQ539621)
99 B3 (JF928390)
— B4 (JF928391)
9 | f——————B5 (1F9283%2)
o7} QE Uncultured j-Protechacterium (AY867949)
Uncultured S-Proteobacterium (EF221354)
8 Brachymonas denitrificans (EU434398)
—E BI15 (JF928402)
Hydrogenophaga sp. (AB300163)
B22 (JF928402)
57 Pseud stutzeri (F1393306)
99 ‘ B6 (JF928393)
100 | B9 (JF928396)
B1 (JF928388)
100 | B2 (JF928389) [-Proteobacteria
97 Acinetobacter junii (AB244533)
_: B13 (JF928399)
88 Acinetobacter sp. (F1404811)
— 69 66 | B8 (JF928395)
I‘I Escherichia coli (CP000247)
00 B20 (JF928406)
B7 (JF928394)
611 B10 (JF928397)
43 | B11 (JF928398)
Uncultured marine bacterium (F1826294)
Uncultured Arcobacter sp. (DQ234201)

Too L B27 (JF928411)
9 | B31 (JF928415)
Uncultured cyanobacterium (EF429507)
99 B28 (JF928412)
100 B29 (JF928413)
Uncultured bacterium (EU050692)
— B32(JF928416)
52 100 — Uncultured bacterium (AM086125)

98 B21 (JF928407)
—IGOE Uncultured bacterium clone (EU050688)
Benzene mineralizing consortium (AF029043)

Clostridia

69 Uncultured Peptococcaceae bacterium (EUS22655)
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Fig. 3 DGGE profiles of the V3 high various region of 16S rDNA in archaea
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