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FE . M5 AR G4 PCR-DGGE Fl PCR-RFLP £ AR 15 IS HE VR S5 K9 1 52 00 , 1R 8 Xl 5 144 #16S rDNAK[R] ] 48 [X.
P2 I3 4 B 2 BEPEEA T DGGE Z0WT, kB 11 %@ 5149 85 16S +DNA - Bt I X 40 A 2 #evEE T RFLP 4387, S 40
PCR =Wy B BE IS FEL UK (8133 . DGGE IS FIREUI B , PR AN [R5 1 9 00 4 SRR K5 IR T Vg 2 PR R AERE ). 45
L CRAARRES 1715 e BE Y5 4548 DGGE 4 Mok RELP 2 M i), 15 e BE V5 Z M PE 22 % B 3%, PCR-DGGE 4 #rH, 519
B341F/B534R( V3 X)) /MR 84y 4 £ | |, BB 7040 I M5 R EPE 2 6. PCR-RFLP 4347+, 514 27¢/8f 1 1500R ¥”
RSB BT 2 I RIS E R 2 B B R RS R E 2. R WSS R AN B 2R o i
i, PCR-DGGE 43 i i3 144 B341F 1 B534R, PCR-RFLP AT AL B 14 F 27¢/8£ Fl 1500R.

KEEWR L EETE I MY E MM ; PCR-DGGE; PCR-RFLP; 5|4

FESES. X172 XEARIRE. A XEHRS: 0250-3301(2013)09-3620-07

Effect of Different Primers on Microbial Community of Activated Sludge

XU Ai-ling, WU Deng-deng, SONG Zhi-wen, REN Jie, XIA Yan, DONG Shan-shan, LIU Meng

(School of Environment and Municipal Engineering, Qingdao Technological University, Qingdao 266033, China)

Abstract: The aim of this study was to investigate the effect of different primers in PCR-DGGE and PCR-RFLP on the analysis of
microbial community in activated sludge. 8 pairs of primers were chosen to amplify the variable region of 16S rDNA for PCR-DGGE
analysis, while 11 pairs of primers were used to amplify the total length of 16S rDNA for PCR-RFLP analysis. The effect of different
primers on the analysis of microbial community in activated sludge was determined by electrophoresis analysis of the PCR products. The
microbial community of the activated sludge was different when different primers were used. For PCR-DGGE analysis, the primers
B341F/B534R had good amplification results and the bands were excessive; while for PCR-RFLP, the primers 27{/8f and 1500R had
good amplification results and the bands digested by the two enzymes had the highest diversity. The primers B341F/B534R and 27{/8{/
1500R were relatively good for PCR-DGGE and PCR-RFLP, respectively, in the analysis of microbial community in activated sludge.
Key words : activity sludge; microbial community; PCR-DGGE; PCR-RFLP; primer
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SO, B R E 19 VAR W) AR O B I it A e L
5181, 975 e A ¥y Z # HE PCR-DGGE. A6 I Al
RELP 7347 595 | Wy $E 4R 2%

1 MRS

1.1 SEE R

AT V5 /K AL B T I R Y5 U8 2.5 LAE
TG e S A T
L2 SRR
1.2.1 FEf5h DNA B9$EHL

BT PR A i, R R RS fin 2% SDS %4 fif
ARG T L BB S P8 S DNA, I FH V-Gene PCR
Clean-up Zlifbid 7] & 4lifk.
1.2.2 16S rDNAF¥ PCR ¥4

PCR-DGGE kM5 I B & 25 A it 3k i 8 i
WGP 1 16S TDNAARFE ATAE X FF (£ 1).

BO967F/B1046R ., B968F/B1401R . B63F/B534R .
B341F/B534R . B338F/B534R i PCR T2 % :94°C
5 min; 94°C 45 s, i KR E & A6 FFEAK 0. 4°C
(25 MEH )45 s; 72°C 1 min; 57 94°C 45 5,52C
455,72°C 45 5,5 NEH; & J5 72°C 12 min.
1341F/B534R . B341F/I533R. B341F/B926R [
PCR F2J¥ /2 :94C 5 min; 94°C 45 s, 1B KR FEEEA
TERFAEA 0. 2°C 45 s,72°C 45 s(25 DMER) ; &
94°C 45 s,47°C 45 s,72°C 45 s(5 MEH) ; ®)n
72°C ZEAH 10 min. PCR F=#¥ H 1% 19 B35 M 6
HL KRG I, RFLP ¥ 23 A7 15 U8 G 2E W 1 v 2 ARk
Bf e 11 XEARTRGE 519 (3R 2) $7316S rDNA
% 8 16S tDNA F B:. i ] MBI Fermentas [
MasterMix , PCR 2 /3#:94°C 5 min; 94°C 1 min, i
KR 1 min,72°C 1 min(36 PER) 3 72°C HEAH

10 min.

&1 DGGE &t REs| 4
Table 1  Primers used in DGGE

519 FIFHI(5-3") P X3 IR/ C

B967F Fil BI046R B967F CAACGCGAAGAACCTTACC 16S rDNA V6 62
B1046R CGACAGCCATGCANCACT

B968F Fl1 B1401R BI68F AACGCGAAGAACCTTAC 16S rDNA V6-V8 62
B1401R CGGTGTGTACAAGACCC

B63F F1 B534R B63F CAGGCCTAACACATGCAGTC 16S rDNA V1-V3 62
B534R ATTACCGCGGCTGCTGG

I341F #1 B534R B41F CCTACGGGIGGCIGCA 16S rDNA V3 52
B534R ATTACCGCGGCTGCTGG

B341F #il B534R B341F CCTACGGGAGGCAGCAG 16S rDNA V3 62
B534R ATTACCGCGGCTGCTGG

B341F A1 1533R B341F CCTACGGGAGGCAGCAG 16S rDNA V3 52
I533R TIACCGIIICTICTGGCAC

B338F #l B534R B338F ACTCCTACGGGAGGCAGC 16S rDNA V3 62
B534R ATTACCGCGGCTGTGG

B341F il B926R B341F CCTACGGGAGGCAGCAG 16S rDNA V3-V5 53.70
B926R CCGTCAATTCCTTTGAGTTT

GC Clamps: CGC CCG CCG CGC GCG GCG GGC GGG GCG GGG GCG CGG GGG G
GC Clamps were added before the B967F, B968F, 243F, B63F, 1341F, B341F, B338F

1.2.3 DGGE 15 it 20 r

M1 C. B. S scientific DGGE 4347 2 4i %} PCR
FEIIEAT oY B RS E . Hi4E 10% (TSR0 B
IR E I , AR MR 30% ~60% . #f PCR 74
120 pL ARG MPIROR A, I 20 WL in A SAEAL.
LYk 514 . 7E 1 x TAE buffer ':':‘,600(: 150 V E&HTF
BAT T h, HLPK GG ARG X RS AT AR Y R B
A% 2 g 3HE DGGE K. FH Gel-Pro analyzer Lglas
Xt DGGE Bl #1753
1.2.4 RFLP {5RHEE ZFEMES BT

PCR §"1416S rDNA, H] PCR =y 4l {b i 57 &
(OMEGA) X} PCR =#yi#tA74lifb, H T, % #:1 e be
iR 774 (MBI Fermentas ) #f PCR 4lifbr=#i% AR ik,
IR AL B KA AT ( Topl0) 20 rpr | PRER SR 7,
PR TR DNA, 5E A16S rDNASCEEA . 3@ it
W% PCR ¥ 34, 881 3K 15 16S tDNA. 5| ¥ & H
M13/PUCR #1 M13/PUCF. #4& CHRAIS14) Tm 1,
Wi 7% PCR ¥ 127 1 94°C IASE 5 ming 94°C 728
P45 s,55°CiE k 45 5,72°C 1.5 min, 3t 36 PMEH,
72°CHEAH 10 min; 4°CPRAF. it WU Hha 1 F1
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2 RFLP EHiEArs#
Table 2 Primers used in the RFLP

514 SIYITHI(57-3") RE/C
271/81 Fi1 1492r 271/81 AGAGTTTGATCCTGGCTCAG

1492r GGTACCTTGTTACGACTT 55
271/81 Fll 1500R 271/81 AGAGTTTGATCCTGGCTCAG

1500R AGAAAGGAGGTGATCCAGCC 58
271/8f Fl 1512R 271/8f AGAGTTTGATCCTGGCTCAG

1512R ACGGCTACCTTGTTACGACTT 58
271/8f il 1525r 271/8f AGAGTTTGATCCTGGCTCAG

525¢ ACGYGTTACTCACCCGT 55
271/8f Fll 16sR 271/8( AGAGTTTGATCCTGGCTCAG

16sR CCGTCAATTCCTTTGAGTTT 55
63f 1 1387r 63f CAGGCCTAACACATGCAAGTC

1387r GGGCGGWGTGTACAAGGC 60
Nsol225 Fl Eub338 Nsol225 CGCCATTGTATTACGTGCGA

Eub338 ACTCCTACGGGAGGCAGC 60
Al Fll A2 Al ATTCCGGTTGATCCTGC

A2 AGGAGGTGATCCAGCCGCAG 58
RI16mF2 il RI6mR1 RI16mF2 CATGCAAGTCGAACGGA

R16mR1 CTTAACCCCAATCATCGAC 55
7£ F1 1540r 7f CAGAGTTTGATCCTGGCT

1540r AGGAGGTGATCCAGCCGCA 60
516f F11510r 516f TGCCAGCAGCCGCGGTA

1510r GGTTACCTTGTTACGACTT 58

Rsa 1Ak, BRI BE SE L AL vk AN T AL 7™ 40 , 4145
BT 4 Mt D) 1135 2R AT KO B 1, Xof il 1) 26 22
HATGEIT oA

2 HBRESH

2.1 757816S rDNAMY PCR ¥"14
2.1.1 PCR-DGGE H116S rDNA ¥ PCR 41

VEF 8 XF16S vDNA 38 HI 5| 9 X 3 4 35 I &
DNA #47 PCR 934, Hoy= W1 28 1% B fis W 5 i i Tk
R, &1 S 8 XN 14 PCR 4744 r= 1 i N A g
FEHL Pk S, n] U 8 XS TR 51 938 g X
15 UeSE R 4H16S tDNA AN [A] AT A8 X 551 i 4T PCR 4"
W IR ELY A e — A I B AR R Y
= 4. Ho# B968F/BI401R, B63F/B534R .
B341F/B926R WH" 34 F Be A B2 43 Il 78 450 bp , 470
bp . 600 bp Z=47 , BI67F/B1046R 314 F- BE K 8 1
150 bp Zc47,1341F/B534R | B341F/B534R | B341F/
I533R, B338F/B534R W4 4 v Bt K BE7E 200 bp
2t
2.1.2 PCR-RFLP 1116S rDNA [ PCR ¥

TEFH 11 X AN [R)38 5 1 4 6k i 175 U8 5. DNA
15 PCR ¥ 34 , Hoy= 4 i 1% By S piae Jic v Sk AG ).
&2 2 11 XR[RIS 14 PCR 75 7= My B e 1 v

1. BO67F/BIO46R; 2.
4.1341F/B534R; 5. B341F/B534R; 6. B341F/I533R; 7. B338F/
B534R; 8. B341F/B926R; M. Marker DL500

B 1 8 X7ARESI4 PCR 3 18 7= 435 A5 ¥ 52 A F2 ik B i

Fig. 1 Electrophoresis analysis of PCR products with the primers

B968F/B1401R; 3. B63F/B534R;

VKERE. A B S OR BREE 16 PCR #2 )7,
271/8f; 1525r Fll Al; A2 /33K &4 PCR ¥ ¥4 =¥y
WM 276/8f; 1492r. 27{/8f; 1512R, 27{/8f; 16sR .
63f; 1387+ F17f; 1540t F" 47y 945 A [ 7 o 4 1y
M4, R16mF2; R16mR1 #3445 B % 271/81;
1500R ., 516f; 1510r F1 Nsol225; Eub338 " %4 H
By Hodhg14 271/81; 1492r  27/8f; 1500R , 27{/
8f; 1512R . 63f; 1387r, 7f; 1540rPCR "1 7= ¥ K
JE¥HE 1500 bp A2 A7, 1 51 ¥ 27£/8f; 16sR.
Nsol1225; Eub338 . R16mF2; R16mR1 . 516f; 1510r
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Prrar=g K B 4761 000 bp £ 47, BT LLAE RFLP i5
RHEZHEEITTREHY M BERED
Nsol225; Eub338 DL K 9™ 3 F Bt 8 K 19 271/8f;
1500R 7EH5 4.

Mo 2 3 4 5 [ 7 8 9 1011

2000 bp

200 hp—=
TOU bp—>

1. 271/8f; 1492r; 2. 27(/8f; 1500R; 3. 27{/8f; 1512R; 4. 27(/8f;

1525r; 5. 271/8f; 16sR; 6. 63f; 1387r; 7. Nsol225; Eub338; 8. Al;

A2; 9. R16mF2; R16mR1; 10.7f; 1540r; 11.516f; 1510r; M. DI2000
B2 11 3 RE5]4 PCR ¥ 1 7= ¥ 35 g 175 ik B B vk B i

Fig. 2 Electrophoresis analysis of PCR products with the primers

2.2 TAWIREE Z NS BT
2.2.1 G Z M DGGE 43t

PEFH F 3R 8 %F 16S rDNA il ] 5| W1 ¥ 4
16S rDNAR[R] A 45 X F 51, PCR 4748 =4 FH A8 P4
JERERS LUK ( DGGE) 4385, & 3 J& 8 XF AN 514
PCR ¥ 14 72%) DGGE Eli%. M LIE H, [ —FF
16S rDNAR[A] ] 48 [X J7 51 28 DGGE 43 #7, H: DGGE
RIHEA B35 225, kAo BuE AR, 5 55 m 55
WHIRKZESR. DCGE 438 4% 2/ WLk i b il
AYIRBEZREE , 2 5 5 TR 59 A5 B s i A )
Th LA PR — R R A AT ECRE . BT AR TR
5149 PCR ¥ 14724 DGGE K3 Js2 W (1) i3 A= M 1k 7%
ZFEPE R BE AR B AR K2 7. SR Gel-
Pro analyzer 24347l 3 DGGE [#l3i | 45 5 UL 5% 3.
514 B341F/B534R #1 B338F/B534RPCR 4 [X i J&
V3 X, P =) DGGE Wi &£ &, HREE
PR

%3  Gel-Pro analyzer 417758 DGGE BEli% 4R
Table 3 Results of DGGE analyzed by Gel-Pro analyzer

vkil 1 2 3 4 5 6 7 8
A gL 10 7 10 8 22 17 20 10

2.2.2 RFLP UEWIH#EIE Z %5007

P& 27£/8f; 1500R . Nsol225; Eub338 PCR "
14916S rDNA J B, ¥ 34 7 ¥ 38 & WY B§ Hha 1T
Rsa T 1AL, TH AL 7= 90 28 3% Bt B W 068 J0C P K G U
PATEEDE . B4 5 JEEBHED) 45 R BN GE
HL UK B

1. B967F/B1046R ; 2. B968F/B1401R; 3. B63F/B534R;
4.1341F/B534R; 5. B341F/B534R; 6. B341F/1533R;
7.B338F/B534R; 8. B341F/B926R
3 8 37AE3514 PCR ¥ 1#47=# DGGE Eif
Fig. 3 Electrophoresis analysis of DGGE

500 bp

400 bp =]
300 bp—

T"I_PH bp -
5 -
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