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Evaluation and Choice of PCR-DGGE Primers in Analyzing the Microbial
Community Structure of Activated Sludge in Traditional Chinese Medicine
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LIN Hai-longl'2 ,LI V(/ei-guangl ,YAN Xian-fengl ,REN Nan-qil

(1. State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China; 2. College
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Abstract ; In the study of traditional Chinese medicine wastewater, it was discussed for the effect of different sets of 16S rDNA universal
primers on DGGE fingerprinting and microbial community diversity of aerobic and anaerobic activated sludge from one traditional
Chinese medicine wastewater treatment. The genome DNA of activated sludge was isolated, and eleven sets of primers were used to
amplify the four variable regions of 16S rDNA, the resolution of DGGE fingerprinting and community diversity was analyzed. The
results indicated that community diversity with different sets of universal primers by DGGE was obviously different. Separated patterns
of the V3 and V6-V8 regions were better than of V1-V3 and V3-V5. In the DGGE profiles, bands and diversity from V3 were most,
bands and diversity from V3-V5 and V6-V8 were a little worse than those of V3. According to the length of targeted sequence and the
resolution of DGGE fingerprinting, V6-V8 ( B968F/B1401R) are recommended to be used to do the DGGE analysis. Mix 1341F/
I534R and B341F/B534R PCR product equally to make DGGE analysis can get more community diversity information.
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AEYEM B EZ T, SR, EEN T
K A W BE 9% 45 # DGGE 43 #71 #Y 16S tDNA
AR DX B 3 A R R4S T VR 2 AR Y
KA.

HHT, % F 19 16S tDNA il FH 51 4 £ 5 B63F/
B534R (VI ~ V3 [X ). B341F/B534R (V3 [X ).
B341F/B926R (V3 ~ V5 [X) B968F/B1401R (V6 ~
V8 IX). AR T fide 45 7 R AR A 45 S XS ) 1 K
AEFRFE & DGGE 23 1 3 16S rDNA A [A] 7] 4% [X
M5 & AT T IRAL B 3RS T3 ar g1
A B KX R 5 Y A A AT #r. Watanabe
SUIERUE MR e AT R T 5 B341F (B533R
B926R AH N ¥ 15 I 51 97, i 3k 26 15 I 51 97, T LAffE
PG ROR T N Gz, BE VR 2 R A A BT R
BT I A 5T M b 25 5 K 75 K A ER ) B R L
SRR TG PR TS YR I 34 DNAL L 11 XHE S (B
FEE RS9 4y AP 3 H 16S «DNA K B, ¥ 47
DGGE 43 #7 , R 4l DGGE & 3% PF- 4/ &5 X 5| # XF A=
W R RS H 3R G A ) 22 R PR R R AR RE T, AT
AFIE A b 25 R K TG TS U6 DGGE 4 #r i 5 4
519

1 #MRETE

1.1 EPETSURHE SR IR S L K 20 DNA Y42 H

ARSI R A R VR T R 24 R K T K Ak 3
J7 AR TR H P AR IR S -MBR ik b B rp 25 K
FEFEIF G PTG e AR EIE RIS e, B 1 mL I o4
15U, AR = UG 15, R FH DNA /) i 40 A 4 B
R (B A sk A Y R A BR A W) ) AT R A
DNA $2H, 3545 19 5 DNA {RA77E - 20°C VKA .
1.2 H:[N4H DNA iy PCR "1

Ve 11 X405 16S rDNA 519 (3 1) ¥4
16S tDNA AN[A) 0] 45 X P51, 519t w5t 4 307 3 A
YR A R A TS . Ex Tag FEH ANTP 14 T 5 4=
W AR (KE) B R F. R Applied Biosystem [
GeneAmp PCR system 9700 7 Jt A 47 4 {L. 2 %5 3¢
BRATSI 9 Tm {H, #f & B63F/B534R . B341F/B534
R B341F/B926R"" il B968F/B1401R"* PCR
7 451 R 1 94°C T AEPE 5 min;94°C 28V 1 min, 62°C
B K1 min,72°C ZEAH 1 min, 18 K I BE 4516 R B AR
0.4°C 3t 25 MG ;SR JF 94°CAEPE 1 min,52°C iR &
1 min,72°C #EM 1 min, 3t 5 NMER B G 72°C AT
f#1 8 min. B63F/I533R .B341F/1533R .1341F/B534R |
1341F/1533R #il 1341F/B926R 1) PCR 2 I 51+ % %

Watanabe % J7 3" R V16 k. 94°C Hil A5 ¥ 5 min;
94°C 4 1 min,52°CiR K 1 min,72°C #E{# 1 min, iR
R BEANE FR AR 0. 2°C , 3t 25 NE R ;94°C A8 P
1 min ,47°C3iE K 1 min,72°C#Eff 1 min,5 MEIF; &
Ja 72°C i & FiE {1 8 min. B341F/1926R Fil 1341F/
1926R /) PCR JX Vi 45/ 2 % Watanabe %" ) J7 1%
VRSB, 94°C T AR 5 min;94°C 28 1 min,55°C 1B
“k 1 min,72°C ZEf# 2 min, iB kI8 & 5816 7 B K
0.6°C , 325 PMEH ;94°C A8 1 min,40°CiR K 1 min,
72°CIEAH 2 min, 5 DMEI I JF 72°CIEfH 8 min. PCR
7T 0. 8% Syt i W HE Fg FEL VK A
1.3 ASPEM BRI LUK ( DGGE) 43 Bt

K H Bio-Rad 8 Dcode™ 3 K 58 78 #6 I & 4t
( Bio-Rad Laboratories, USA) #4757 DGGE 43 #7, il %%
8 % V1) 2R VN M 1 i B2 J , 78 1k SRR B R 30% ~ 60% .
LB FHER MR E W T Sigma. 5 pL PCR A 5 Al
5 pL EHEGMRIE A G A SREAL. UK SRR
FENAETS VIHE T ,60°C LK 12 h, H K45
J5 AR BRI, I 3RS DGGE 4. /3 ] BandScan
5.0 BAFXF DGGE Kl #EAT Z R 73 Hr b

2 FERE5ITR

2.1 16S tDNA [ PCR ¥4

SRH 11 X5 16S rDNA 1938 F 51 9 % 4 480 R R 8
TGS I DNA HEA7 9738, PCR 7= £ 0. 8% 3 ik
T B M FL R I 45 SR L PR 1 AR 2. R RTS8
B341F/B534R ., B968F/1401R. B63F/B534R Al
B341F/926R M4 14 F by K /4351 2 200 450 ,470
600 bp 247, X FUaFAE M (E 1), B341F/
B534R . B341F/1533R . 1341F/B534R | 1341F/1533R .
B341F/B926R . 1341F/B926R . B968F/B1401R ¥ 1
R4 B341F/1926R (1341 F/1926R Jo ¥ #4724y ,
B63F/B534R \B63F/1533R 4 3 4 A Ak 5 5 1 4%
WL T UL, FE XA S TS R DGGE 3B 1%
A ¥ B63F/B534R . B63F/1533R. X T [ & 1% 1
5 (1A 2), B63F/B534R ., B63F/1533R . B341F/
B534R . B341F/1533R . 1341 F/B534R ., 1341 F/1533R .
B341F/B926R , 1341F/B926R ., B968F/B1401R " 1
RUR B UF 5 1341F/1926R LY 3 7= 4, B341F/1926R
FAERE A, B, AE X R &G M5 2 DGGE 4y
Mrb , %A 9 ] B341F/1926R 1341 F/1926R.
2.2 AVIREIE Z RN

B B80T P T U R IR ARCTE 1 TS U FE B Y DGGE
AR 3 FE 4 Fros. o] L [E— R 5 OR T
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Table 1  16S rDNA primers of bacteria for PCR amplification

5194 i 1131 9 SIHFER (5'3) 3ok Pl

B63F/B534R B63FGC CAGGCCTAACACATGCAAGTC 63 ~83 V1 ~ V3 X
B534R ATTACCGCGGCTGCTGG 508 ~534

B63F/1533R B63FGC CAGGCCTAACACATGCAAGTC 63 ~83 V1 ~V3 X
1533R TIACCGIICTICTGGCAC 505 ~533

B341F/B534R B341FGC CCTACGGGAGGCAGCAG 341 ~357 V3 X
B534R ATTACCGCGGCTGCTGG 508 ~534

B341F/I533R B341FGC CCTACGGGAGGCAGCAG 341 ~357 V3 X
1533R TIACCGILCTICTGGCAC 505 ~533

1341F/B534R 1341 FGC CCTACGGGIGGCIGCA 341 ~356 V3 X
B534R ATTACCGCGGCTGCTGG 508 ~534

1341F/1533R 1341 FGC CCTACGGGIGGCIGCA 341 ~356 V3 X
1533R TIACCGILCTICTGGCAC 505 ~533

B341F/B926R B341FGC CCTACGGGAGGCAGCAG 341 ~357 V3 ~V5
B926R CCGTCAATTC(A/C) TTTGAGTTT 904 ~926

B341F/1926R B341FGC CCTACGGGAGGCAGCAG 341 ~ 357 V3 ~V5
1926R CCGICIATTHTTTIAGTTT 904 ~926

1341F/B926R 1341 FGC CCTACGGGIGGCIGCA 341 ~356 V3 ~V5
B926R CCGTCAATTC(A/C) TTTGAGTTT 904 ~926

1341F/1926R 1341 FGC CCTACGGGIGGCIGCA 341 ~356 V3 ~ V5
1926R CCGICIATTUTTTIAGTTT 904 ~926

B968F/B1401R B968FGC AACGCGAAGAACCTTAC 968 ~984 V6 ~ V8 IX
B1401R GCGTGTGTACAAGACCC 1395 ~1401
GC clamp CGCCCGLLGLGLGLGGLGGGLGGGELGGGGGCACGGGGGEG

1) TR 8R4 B H R (inosine)

2000 bp

1000 bp
750 bp
500 bp

250 bp

M. Marker DL2 000 ;

Fig. 1

16S rDNA 1] 2% X 3 51 £
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%3k DGGE 2 J , Hi g LU A
W RAEE R, BRIk & B H 20 ARG T
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G 1 DGGE K35 r &8 7% 1 1 A= 0 1 5 485 40 A st A=
Horp B8 5k i £ 0
S5 et A T A ) R R Y 22 R T SR AR S 0
S5 FE AT LA S AR 2R ) B 9 A g —

11:B968F/B1401R

AE 34 PCR ¥ 18 5F S iE 1475 e 7= ¥ B S ¥ 58 B B8 ik (B3

ENCEIR7E:

il B 1)

AH X K

[17,18]

Agarose gel electrophoresis of PCR products with different primers for aerobic activated sludge

2:B63F/1533R; 3:B341F/B534R; 4:B341F/I533R; 5:1341F/B534R; 6:1341F/I533R;
10:1341F/1926R 5

- BT RL, AT LR 5 18T 3 04 45 8015 B
SE AN TR RE il o Bl 22 0 1) ol 26 BCHCRE G B0 G &R,
7 375 ity ) B8 A O i 45 R RRUAE W o 22
=5

[= P

% F BandScan 5.0 34X & 3 FIE 4 ¥E47 45

Br, s R 3% 2.
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B1401R 1 DGGE K%+ DNA &ai i £ &

;1341F/
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2000 bp

1 000 bp
750 bp
500 bp

250 bp

M: Marker DL2 000; 1:B63F/B534R; 2:B63F/1533R; 3:B341F/B534R; 4:B341F/I533R; 5:1341F/B534R; 6:1341F/I533R;
7:B341F/B926R; 8:B341F/1926R; 9:1341F/B926R; 10:1341F/1926R; 11:B968F/B1401R

E 2 ARES5I# PCR ¥ K

I 1 75 I 7 D R B R R B R Ok B i

Fig.2 Agarose gel electrophoresis of PCR products with different primers for anaerobic activated sludge
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1:B341F/B534R; 2:B341F/I533R; 3:1341F/B534R;
4.1341F/1533R; 5:B341F/B926R; 6:134F/B926R ;
7:B968F/B1401R
B3 FAESIMyiGiFaiEESEERN DGGE 5B EE
Fig.3 DGGE profile of PCR products with different

primers for aerobic activated sludge

926R ,B341F/B534R . B341F/B926R 1 DGGE K %
ODNA %A B &, B341F/B926R Ml 1341F/
BO26R M4 4 X 1 7¢ 4 — 3, B4R 1341F & i Jf 1
%I%,@:ﬁﬁﬁ?ﬁi%%%&%ZX*Q@,R%%%%%
M5 555 A 2 5%, K 4§, 1341F/1533  B341F/
B534R il B968F/B1401R [ DGGE K& DNA 4%

Wik B & ; B341F/I533R , B341F/B926R Hl 1341F/

1 2 3
| |
23

19 5
20

Hﬁ

1:B63F/BS534R; 2. B63F/1533R; 3. B341F/BS34R;;
4.B341F/1533R; 5.1341F/BS34R; 6.1341F/1533R;;
7:B341F/B926R ;8:1341F/B926R ;9 :B968F/B1401R

E4 AESIYPTEBREEETREERN DGGE 7 5 Eif

Fig.4 DGGE profile of PCR products with different primers for

anaerobic activated sludge

B926R 1 DGGE K i ' DNA 4% 8 F & ;

B63F/B534R . B63F/I5S33R Al 1341F/B534R Ay
DGGE El3%H DNA 55 i 0. X T 4 480 IR 460 T
5 U FE Sh Ok UG, SR B341F/B534R . B341F/
1533R 1341 F/B534R F1 1341F/1533R {4 4 [X 5 2
S B, HHEY M RAEER R ER. W
K 3,B341F/B534R 454 1.2.5 NfETE B341F/
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%2 BandScan 5.0 G54 E %S DGGE RikEEER

Table 2 Analysis results of DGGE fingerprinting of activated sludge with BandScan 5. 0 software

U435 P75 98 DGGE & 1%

TR % M35 6 DGGE K%

1 2 3 4 5 6 7

2 3 4 5 6 7 8 9

it 18 18 13 19 18 19 21

13 12 21 18 13 23 18 18 20

1533R &l 3% i B341F/1533R 4545 3.4 .6 K
fEAE B341F/1533R Bl rh. [RIAE, K 4 WA AEE
Al W, [ — AL 5 R AR 6] 16S rDNA 7] 45 X3
T DGGE 4; #7 Bf, L 73 #r 45 | 22 & 1L &K W
FHRenl H IS R S BB o B 4 R
ARKRZER. PrLh, 365 A B R — R & AT R
[l 16S rDNA A 2% [X K H 51 ¥ 20 4 1 i 12E T4, G
HO AT T 5 51 W Ak 1% i 38 A
2.3 5l

¥ H 16S rDNA J3 51 AN [] A A% [X X6 [6] — 4 i i
7 DGGE 73 #r, H/r 5 R 2 B &, 5 E
T BRI AR BB ST 4 S — 3, 341F/534R (V3
X)) #1 968F/1401R (V6 ~ V8 [X) f) &t F= & , i
341F/926R (V3 ~ V5 X)) [ 2k B F & , 63F/534R
(V1 ~V3 X) By &cai e/, Hirb 341F/534R 9 PCR
P R BERK E HA 29200 bp, % T 16S rDNA J¥ 51 42
Kok BT S M AP S e R B AR A, &R
GiRE MG BB/, 341F/926R Fll 968F/1401R
) PCR #" 38 J BC K B2 49 0l 24 24 580 bp 1450 bp , %
GRE A BN, R R,
o1 ,968F/1401R 1557 Btk 341F/926R By F & , iX
5 Luo % WRF IS AR — B0 BT LA, 76 T B RS A
53 28K B K SF B TR S B R N o R
B968F/B1401R.

H T O B A ok e /D B TR Y 16S tDNA R 5F
XIfHESE 2 PR SF , A7 7 2 BOUA B2 19 25 4k, BT LA
Watanabe %" 31 T & A WA I 1 OFE 514,
PAF T RAF G o @R 51 b s 1519
I341F A 2 4~ 1; 519 1533R WA 5 4~ 1) 7] L4 5
5 A T.C.GiX 4 FhfgHEFEAT RS, B L& I 5 | 904
MFZA5IWRES W B PCR A 1915 3 5%
Z I H K DNA R B, ASHE 58 0 O 51 9 % 76
1SR Y 1 45 S 6] Watanabe 251" 45 5 — 3| faj I
SPGB R RS | A IS B B T Y 16S
rDNA 2574, 1 B 3519 1341F/1533R &3 4% F
BoEmZWM RSN EY ZHEBRZ. iH 5K
AT R A5 S S I WA L, 2 A B P A — 4
55O . X 25 7 kA HANAT LR B ik Ak

(ARG HE 2R, DT S o 4 T M BT 35 PR VS e R A 2
FEVE. BT DL A6 T BEARAS B 4 T 1Y) S 00 45 S B, 0] 3
FH 1341F/1533R Hl B341F/B534R f) PCR 7= ¥ % &
RA#AT /14T

K DGGE #E47 1% 14 5 e h il A= ) 2 6 M 4%
MiEZZ W Z WA, bR T 16S rDNA $F¢ 5 ¥ 0l 48
X A Z A, 8 252 5] DNA $2HU07 15  DNA $#2
HUT i PCR ¥ 38 4k & M 414 \DGGE Ha ¥k 5% 14 4R
Jelp R AR R B, T DL, BEARAS BAF Y 4y
BIEE T N e N R #T L.

3 it

(1) FIH DGGE 437 th 245 B K i& PR 15 Je A= W
W ZHEPERT ) [F] —FE d R AR R 16S tDNA )7
G151 ) AT A ) 2 BE 2 BT BE, DGGE & i 2 57
B T R S M T | A RN O M S G R — R 5
WHAEE—ENES. L, N T RS REN DGGE
S RTRICR X 1G5 ) i 0 S AL AL R R R Y.

(2) V3 Fl V6 ~ V8 X 43 B L3 47 | 4% h 45l

VL~ V3 X FrRag 2 Bk b 4 i b

I, 7E 1T DGGE 3 B, B % A V3 X Fil V6 ~ V8

X5 ¥y, (0% 3] o Fr 2 m A% ST AR XK, i

£ B968F/B1401R.

(3) % )&% 16S rDNA AJ AL X 3 3 5| 4 i) 17 I
PE,16S rDNA ) V3 X A] AR 0y & 1% 5 5, 2l
% Fl B341F/B534R il 1341F/1534R () PCR ¥ 14 =
YERIRA LR, RIS T & A ) 2 Rk
5%k
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