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Application of PCR-DGGE in Selective Activation of Stratal Bacteria
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Abstract: With the development of molecular biology, the research on microflora in the environment is accelerated and a new research method
for oil reservoir microflora is provided. Based on the methods of PCR-DGGE, the change of the structure of dominant microbial population in
selective activation of stratal bacteria was studied. During activation, the change of samples’ DGGE bandings under different pressure
conditions (1 MPa and 10 MPa) was analyzed, the PCR alignment analysis of bacteria was studied, the dominant bacteria at different periods
were explored, the phylogenetic tree of dominant DGGE banding sequence was build, and the groups of the main indigenous bacteria was also
analyzed. The result showed that the structure and the quantity of stratal microorganism indicated obvious differences, under different pressure
conditions. The species number of dominant microbial population increased, and the structure of dominant microbial population obviously
changed after activation. Before activation, the main bacteria were belonged to Bacillales, and after injecting activation agent, the species of
Proteobacteria increased .
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B KBEFRHEERALER 0. 22 ym MIBAH
HREEBHIE | LAKERKE; ZERBEWEKE
B 10 mL 3550 W0 5 B 0 3K 181 B E 41 DNA
RS4RI ERIBREYHERAAW
DNA 26k & , & IR R UL B 4T .

1.3 16S rDNA i PCR ¥
S T AT R P VR A Y BE YR 4 U DGGE &

Br, 8 ok alifb 9 3 R 40 DNA i FE4E 8 PCR L Y
AR, B PCR JX B 9 38 {3 Xt 3% 3% Al 5 Wi I A
16S tDNA B9 V3 X#TH 3,§ 4 F B K B 424 200
bp, 51 %1 %4> %4 P2: 5'-ATTACCGCGGCTGCTGG-
3'; P3: 5'-CGCCCGCCGCGCGCGGCCGGCGGGGLGGG
GGCACGGGGGGCCTACGGGAGGCAGCAG-3'. PCR &
ARE1.
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Table 1 Components and usage of PCR system

e EREMPR RE5YP3

10 x Buffer dNTPs

Taq B8 Bt DNA ddH, 0 BB

R 1l 1L 5ul 1 uL

1L 1L 40 pL 50 pL.

PCR %&A4H : 94°CA ¥ 4 min; (94°C 1 min,65 ~
56C 1 min,72°C 1 min,2 MEFFE 1°C)iB k 20 ME
¥;(94°C 1 min,55%C 1 min,72°C 1 min) ZE# 10 1§
¥£;72°C 6 min. , REABMHERNLRA 1.0 % IEIEH
b 530387 € 2l
1.4 16S rDNA ¥ %18 DGGE 417

(DEEBRHHE FRABREBRMNERE, H&
A F ¥R BE R 30% ~ 70% (100% B9 78 ¥ ) K 7
mol/LIIRE M 0% W EB FHBIENWESY W
10 % 3 PR 29 T P B8 JC , 3L P R M 00 B VR B IS 19 |
75 1 AR Y 5 .

(2)PCR BB 5 ME WHERZ PCRT=Y
difbiAR EF T FRELSEBRE, BB
ARFHRHEENBEHEED, ZEMMEL P WA
PCR 4L & 20 ~ 25 pL.

BBk Ry 7E 130 VEETHK 8 h, 3
VBB TR Z 48 (EB) WS 30 min.

(AOBMEWE WREEWEERA YLN-2000
BREBRINREHAT N, MBS H GBI
EE I .

1.5 FE

FAX®E I 5 WEEB LY DGGE %4, B F#i
WELED,RBRFEH.

1.6 16S rDNA B K18

FTHBEH DNA RHFHBERIEBIMER
OBF, AR HRE, A 30 uL BAKE®E, EH
#E47 PCR 938 , ¥ 38 7= ¥ W] 3 47 52 R SC & 43 #r 4
AW FF . R Y38 B R A B 51 W 0 B R A B R T
R FEHE 1.3 R,
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E 5 31 32 #| NCBI M 3 (http://www. ncbi. nlm. nih.
gov/) "' B GenBank 33K 73 /¥ 515 , R A BLAST & ¥
58 H P 5 247 A U4 A B 518 M13 + 47;
W FF X 2% :3730; Y4 #} : Bigdye-Terminator .
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T B AR $ 1 U P 45 2R, MEGA4.0 B 4% 1]
BR R R R 1T 2 P 5 LU X, 35 Lo X 25 %
1| FH 41 407 1% # B ( Neighbour-Joining) 8 37 & # £ 51 &
GEREALH .
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2.1 REEH&ET HEBIE DGGE &4 #r
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n0/p0nl pl n2 p2
(a) DGGE43F
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Fig.1 DGGE bandings of five samples
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Table 2 Similarity analysis of bacteria

R ARAM i)
KRS HHES RTINS BHE
/% RS
) 1-a(FJ424873) ; 1-b (FJ424874) ; 1-c {FJ424875); Bacillus pumilus SAFR-032 95 314
1-d (FJ424876) Geobacillus thermodenitrificans NG80-2 99 1/4
2-a(FJ424877) ; 2-b (FJ424878) ; 2-c(FJ424879);
2 Geobacillus thermodenitrificans NG80-2 99 3/5
2-d (FJ424880) ; 2-e ( FJ424881)
3-a (FJ424882) ; 3-b (FJ424883); 3-c (FJ424884) ;
3 Bacillus subtilis subsp. 96 3/4
3-d (FJ424885)
4 4-a(FJ424886) ; 4-b (FJ424887) ; 4-c (FI424888); Bacillus pumilus SAFR-032 92 4/5
4-d (FJ424889) Geobacillus thermodenitrificans NG80-2 99 1/5
P 5-a (FJ424890) ; 5-b (FJ424891); 5-c (FJ424892) ; Bacillus pumilus SAFR-032 95 4/5
5-d (FJ424893) ; 5-e (FJ424894) Geobacillus thermodenitrificans NG80-2 99 1/5
6-a(FJ424895) ; 6-b (FJ424896) ; 6-c (FJ424897);
6 Geobacillus thermodenitrificans NG80-2 99 3/5
6-d (FJ424898) ; 6-¢ (FJ424899)
7-a (FJ424900) ; 7-b (FJ424901); 7-c (FJ424902) ;
7 Geobacillus thermodenitrificans NG80-2 99 1/5
7-d (FJ424903)
8-a (FJ424904); 8-b (FJ424905); 8-c (FJ424906);
8 Bacillus pumilus SAFR-032 95 3/4
8-d (FJ424907)
9-a (FJ424908) ; 9-b (FJ424909) ; 9-c (FJ424910);
9 Bacillus pumilus SAFR-032 92 2/5
9-d (FJ424911) ; 9-e (FJ424912); 9-f (FJ424913)
10-a (FJ424914) ; 10-b (FJ424915) 5 10-c (FJ424916);
10 Uncultured microorganisms - 2/4
10-d (FJ424917)
11-a (FJ424918); 11-b (FJ424919); 11-c (FJ424920);
11 Pseudomonas stutzert A1501 100 515
11-d (FJ424921); 11-e (FJ424922)
12-a (FJ424923); 12-b (FJ424924) ; 12-c (F]424925); .
12 Uncultured microorganisms — 2/4
12-d (FJ424926)
13-a (FJ424927) ; 13-b (FJ424928); 13-c¢ (FJ424929); .
13 Klebsiella pneumoniae subsp. 97 3/5
13-d (FJ424930) ; 13-e (FJ424931)
1 14-a (FJ424932); 14-b (FI424933); 14-c (FJ424934); Salmonella enterica subsp. 100 2/4
14-d (FJ424935) Pseudomonas stutzeri A1501 9 2/4
15-a (FJ424936); 15-b (FJ424937); 15-c (FJ424938);
15 Oceanobacillus iheyensis HTE831 94 3/5
15-d (FJ424939) ; 15-e (FJ424940)
» 16-a (FJ424941) ; 16-b (FJ424942) ; 16-c (FJ424943); Bacillus pumilus SAFR-032 97 2/4
16-d (FJ424944) Salmonella enterica subsp. 100 1/4
Oceanobacillus iheyensis HTE831 94 2/3
17 17-a (FJ424945) ; 17-b (FJ424946) ; 17-c(FJ424947)
Pseudornonas stutzeri A1501 100 1/3
18-a (FJ424948) ; 18-b (FJ424949); 18-c (FJ424950);
18 Alkaliphilus oremiandii OhILAs 94 3/4
18-d (FJ424951)
19-a (FJ424952) ; 19-b (FJ424953); 19-c (FJ424954);
19 Alkaliphilus oremlandii OhILAs 95 3/4
19-d (FJ424955)
20-a(FJ424956) ; 20-b (FJ424957); 20-c (FJ424958) ;
20 Alkaliphilus oremlandii OhILAs 94 2/4
20-d(FJ424959)
Alkaliphilus oremlandii OhILAs 94 215
21-a (FJ424960) ; 21-b (FJ424961); 21-c (FJ424962); ) .
21 Geobacillus thermodenitrificans NG80-2 99 1/5
21-d (FJ424963) ; 21-e (FJ424964)
Bacillus licheniformis ATCC 14580 99 1/5
2 22-a (FJ424965) ; 22-b (FJ424966) ; 22-c ( FJ424967) ; Uncultured microorganisms b 2/4

22-d (FJ424968)

Bacillus lickeniformis ATCC 14580 99 174
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23-a (FJ424969) ; 23-b (FJ424970) ; 23-c (FJ424971);
23 Uncultured microorganisms - 5/5
23-d (FJ424972) ; 23-e (FJ424973)
o 24-a (FJ424974) ; 24-b (FJ424975) ; 24-c (FJ424976) ; Alkaliphilus oremlandii OhILAs 94 215
24-d (FJ424977) ; 24-e (FJ424978) Bacillus licheniformis ATCC 14580 100 1/5
25-a (FJ424979) ; 25-b (FJ424980) ; 25-c (FJ424981); X
25 Alkaliphilus oremlandii OhILAs 94 3/4
25-d (FJ424982)
2 26-a (FJ424983) ; 26-b (FJ424984); 26-c (FJ424985) ; Bacillus cereus subsp. 93 2/5
26-d (FJ424986) ; 26-¢ (FJ424987) Pseudomonas stutzeri A1501 100 1/5
27-a (FJ424988); 27-b (FJ424989) ; 27-c (FJ424990) ;
27 Pseudomonas stutzeri A1501 100 3/5
27-d (FJ424991) ; 27-e (FJ424992)
28-a (FJ424993) ; 28-b (FJ424994) ; 28-c (FJ424995) ;
28 Oceanobacillus theyensis HTE831 94 4/4
28-d (FJ424996)
2 29-a (FJ424997) ; 29-b (FJ424998); 29-c (FJ424999) ; Oceanobacillus iheyensis HTE831 94 2/4
29-d (FJ425000) Salmonella enterica subsp. 100 1/4
Bacillus cereus subsp. 93 2/5
30-a (FJ425001) ; 30-b (FJ425002) ; 30-c (FJ425003);
30 Oceanobacillus iheyensis HTE831 94 2/5
30-d (FJ425004) ; 30-e (FJ425005) ,
Salmonella enterica subsp. 100 1/5
31-a (FJ425006) ; 31-b (FJ425007); 3i-c (FJ425008) ;
31 Salmonella enterica subsp. 100 1/4
31-d (FJ425009) ; 32-a (FJ425010)
- 32-b (FJ425011); 32-c (FJ425012); 32-d (FJ425013); Agrobacterium tumefaciens str. C58 99 o5
32-¢ {FJ425014) chromosome linear
33-a (FJ425015); 33-b (FJ425016) ; 33-¢ (FJ425017) ;
33 Bacillus halodurans C-125 100 3/5
33-d (FJ425018) ; 33-¢ (FJ425019)
34-a (FJ425020) ; 34-b (FJ425021); 34-c (FJ425022); A
34 Salmonella enterica subsp. 98 2/4
34-d (FJ425023);
35-a (FJ425024) ; 35-b (FJ425025); 35-c (FJ425026) ; 100
35 Pseudomonas siutzeri A1501
35-d (FJ425027) 1/4
36 36-a (FJ425028); 36-b (FJ425029); 36-c (FJ425030) ; Oceanobacillus iheyensis HTE831 94 2/4
36-d (FJ425031) Pseudomonas stutzeri A1501 99 1/4
MR 2, MR, LG REAREBK LN SAFR-032 KR RAR B ; 55 20 d, R A B R K LT 6
N ¥ A : Bacillus pumilus  SAFR-032, Alkaliphilus MR EWE KL T A, Bacillus subtilis subsp .,
oremlandii  OhILAs, Pseudomonas stutzeri A1501, Bacillus  pumilus SAFR-032, Oceanobacillus iheyensis

Oceanobacillus iheyensis HTE831, Salmonella enterica
subsp. , Geobacillus thermodenitrificans NG80-2, Azoarcus
sp. EbN1, Bacillus cereus subsp., Klebsiella pneumoniae
subsp. . FH, 11 5 44,5 WP L3t 45 RAHR , &
LB A Pseudomonas stutzeri A1501, #H {1 ¥ ik 3|
100% ; 27 5474 5 WP XL RF 3 AR, &
FHL B K Pseudomonas stutzeri A1501, A8 {8l ¥ i& 3|
100% .
2.3 BHEARBBEFRLEE
Hﬂ%ﬂ(ﬁqﬂ%%ﬁﬁ—IU%ﬁﬂ%%ﬂxlﬂﬁ{ﬁﬁf
BRI RSEF, R 3 A LFE L, BUE G, LM
PRGN, HESEMB AT BH. ¥ ELNG
T, BIE 10 d B HE R K h 2 gz 5
Geobacillu  thermodenitrificans NG80-2, Alkaliphilus
oremlandii OhILAs, Oceanobacillus iheyensis HTE831 {f)
B ¥ M, Bacillus subtilis subsp., Bacillus pumilus

HTE831 A F & #& L 3, B Azoarcus sp. EbNI,
NRRI. B-14911, Bacillus licheniformis
ATCC 14580, Petrotoga mobilis SJ95 BUAR . & & &
T URBFEHEHMEFEETZREK, %G 10 d #f
WA d 2 FIEME] 7 #, %58 20 d BHRH T
BIFP KR R 7 F, BAH X 10 d B, BR Salmonella
enterica subsp. , Klebsiella pneumoniae subsp. {3 %R % F¢
HHES HEBEE BB EEFTOREERRA. K
B T EERES RS EREWRAE ERRL.
2.4 RBFHEFINRERER

AT HEWN S B0 E R 3 (7 A LR BE L K S
MREATHRBFZHFIN S HERERER, W
K2 s EREREN D, HAUBER K, XU F
Pz EES BN, FRRNEERE, RHUFIER
K S ASR UL, 8RB AR UM 3R R, AR AL R
LA 80% LLT , M BUE &R KR 12-¢ F1 12-d, 35 %

Bacillus  sp.
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Table 3 Dominant bacteria at different periods during activation

r; S ] BRE&RWY P
n0/p0 3 Bacillus subtilis subsp . ; Bacillus pumilus SAFR-032
al 7.3 Bacillus subtilis subsp.; Bacillus pumilus SAFR-032; Geobacillus thermodenitrificans NG80-2; Alkaliphilus

oremlandii OhlLAs; Oceanobacillus iheyensis HTE831

Alkaliphilus oremlandii OhILAs; Geobacillus thermodenitrificans NG80-2; Azoarcus sp. EbN1; Bacillus sp. NRRL

n2 19,20,21,22,23 . S -
B-14911; Bacillus licheniformis ATCC 14580; Petrotoga mobilis SJ95
L 3.11.12.13. 14 Bacillus subtilis subsp.; Bacillus pumilus SAFR-032; Pseudomonas stutzeri A1501; Salmonella enterica subsp.;
P e Pseudomonas mendocina ymp ; Chromohalobacter salexigens DSM 3043 ; Klebsiella pneumoniae subsp.
2 26,27.28.30,31,32 Pseudomonas stutzert A1501; Bacillus cereus subsp.; Klebsiella pneumoniae subsp.; Oceanobacillus iheyensis

HTEB31; Salmonella enterica subsp.; Agrobacterium tumefaciens str. C58; Bacillus halodurans C-125

8-d

82 28 9-b

74 9-¢

7-d

100 70 8-a

ifinl

12-a
17-a
11-d
11-¢
11-b
14-c
12-¢
12-d
13-c
15-a
i3-d
13-e
15-¢
12-b
16-c
15-c
15-d
15-b
17-b

80 16-d

16-a

18 11-a

35 11-e
13-a

14-b

63 14-a
14-d

= 13-b
25— 16-b

100 67

Yk En2 kidpl K itip2

2 SABFRRBETFINRGERER
Fig.2 Phylogenetic tree of dominant DGGE banding sequence in five samples



6 M

A K4 : PCR-DGGE F AR 7E Py I 40 34 16 4% P 3 77 ok 72 P 69 R

1807

100. i1 F DGGE ) 53 B9 5 52 728 M 50) ok 8 0 B L BRSO
BRI B4 2 7 R R Y e, 4 (LB B B9 R B R
TETE TUERPRBHZFTHETEEZINRNE
FF3 .
2.5 BUEIBEFFEFEANFERETELBST
SRR ERBE T, G RUOE 2. B3 5%
4 BELBRFEELFER 16 FE, RIKTT 40 3
R HP 7T#HERE T HEBATE H (Bacillales) ,7 &
FAETE A 11 ( Proteobacteria) (X o ZFTE W 1 #f,B 38
R 1 #,y ZRES #),1 B TFTHRE]
(Clostridia) , i Petrotoga mobilis SJ95 & LB FIAY 1

Actinobacteria

T M 4r2K B3, Bacillales F1 Proteobacteria J2 {1 %
KA, HEACEMN 3% UL

MR B B R 28 b2 A7, BT BT (n0/p0) , A1 %
WA 2 FEFAAE, W ERMGT , BUE I (nl) B0
P 4 MEFRTFEM 1 AR, SR (n2) K
RBE R 3 FERAFE . ARER I RERE; S
&G BE P (o) WAL EE R 2 FFRTE
s RAEE, BERM(p2) WL E R 3 HER
R4 FARTEE . AT LAE &, B0 7 A A 2 TR
WK AR M.

DA VR TR B A 2 A R B X W R AT

Bacteroidetes/Chlorobi
Chlamydiae
Bacillales B1,B2,B3,B4,B5,B6,B7
Cyanobacteria
Bacteria _>< Clostridia > BS
Firmicutes L <
Lactobacillales
Spirochaetales
Mollicutes
Others
[
B16
\. Proteobacteria
Alpha subdivision | | Rbizobiacease ] Bo
Beta subdivision > Others MBS
Delta
—><
Epsilon Enterobacteriales » B11,B12
Gamma subdivision I’ Pseudomonadaceae I’ B13,B14
Others Others B15

3 RMBEFRAERBXRTE

Fig.3 Group-diagram of the dominant bacteria

o REBENEEREAELRERTMERE
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i,y AL HEK B REHE N, REM « BREEKE

AW, B AFEBARLI. ATLUE S, BE
AR ST A B BB B8 B hn

3 &g

(WWEE, REHERF RGN, RS
WERE TR HERET,BIE 10 d HHIEEHEK



1808 5

# =3 30 %

F4 MEIEHTENREAELR

Table 4 Groups of the main indigenous bacteria during activation

HEHS A AR B 7E 28 B¢

Bl Bacillus sp. NRRL B-14911 Bacillales( AT 8 B )

B2 Bacillus licheniformis ATCC 14580 Bacillales

B3 Bacillus halodurans C-125 Bacillales

B4 Bacillus pumilus SAFR-032 Bacillales

BS Bacillus cereus subsp. Bacillales

B6 Geobacillus thermodenitrificans NG80-2 Bacillales

B7 Oceanobacillus iheyensis HTE831 Bacillales

B8 Alkaliphilus oremlandii OhILAs Clostridia( B8 8§ J)

B9 Agrobacterium tumefaciens str. C58 Rhizobiaceae (1R 8 B # )/Alpha Proteobacteria(e ZFTE B )
B10 Azoarcus sp. EbN1 Others/Beta Proteobacteria(3 ZEIE & 1)

Bl11 Klebsiella pneumoniae subsp. Enterobacteriales( 14T 7 H )/Gamma Proteobacteria( y 25 & i7)
B12 Salmonella enterica subsp. Enterobacteriales

B13 Pseudomonas stuizeri A1501 Pseudomonadaceae (1B 22 fE B Bl)

B14 Pseudomonas mendocina ymp Pseudomonadaceae

B15 Chromohalobacter salexigens DSM 3043 Others/Gamma Proteobacteria(y ZEFE B (7)

B16 Petrotoga mobilis SJ95 Others

I n0/p0
35 & nl
n2
30
& 25
~
g 20 Z
3
% 15
10
5
] 1 B A i
HEAE BRE  oXRE pERE (W
B4 HRENEIEBPEXEHNRITH
Fig.4 Changes of the bacteria amount during ordinary
pressure activation
30
I n0/p0
25 Z =3l
p2
20
¢«
~
g 15
S
* 10
5
M L 7

_ BR77)
FRATE  RE oXME pREE  (RHE

5 BEMEIRPEENNMBTNL
Fig.5 Changes of the bacteria amount during high

pressure activation

Fhdeph 2 MOEINB] 5 A58 20 d, RBERKEB 6

fOEERREWANRET M RERG T, REH

HEMSHETZRER,MIE 10 d B4 55

K 2 FRIEMB] 7 #,58 20 d BY IR A B AR RAK R

AT M, EAEXTF 10 d B, BR Salmonella enterica

subsp . , Klebsiella pneumoniae subsp.'ﬂ}%{%#’fﬁtﬁﬁl\ s

HEFRARBEAIBHWMETITRA . KBl T

WERERETRE D, RS E EMEL.
(2)WTE /T, M B R F AT, BOEF 8 A

HAFEAME ERIAABHMN ¥FEMENEE

BIEAELHPETRERDE.
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