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Application of polymerase chain reaction -denaturing gradient gel electro-
phoresis (PCR-DGGE ) to the analysis of changes of microbial ecological

communities in activated sludge systems
LIU Xin-Chun, WU Cheng-Qiang, ZHANG Yu, YANG Min, LI Hong-Yan  (State Key Laboratory of

Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China). Acta
Ecologica Sinica,2005,25(4) :842~847.

Abstract ; Population dynamics in two activated sludge systems inoculated with seed sludge cultivated respectively at a low
temperature ((541)C) and normal temperature ((2031)'C) were followed under the same operation conditions using the
PCR-DGGE method.

The genomic DNA was extracted from activated sludge using phenol-chloroform. PCR amplification of the extracted
microbial 16S rRNA gene fragments was performed using primers GC341F and 518R. The result of agarose gel (1.8%)
electrophoresis shows that the PCR products were about 230bp in length. Using PCR products, DGGE was performed on a
DGGE analyzer with a 10% (w/v) loading acrylamide (39:1 acrylamide-bisacrylamide) gel under a 30% to 50% linear gradient
of denaturant. Some bands appeared in all samples, while the others were specific only in specific samples. Despite the
difference of inoculums, however, the bacterial community structures in the two systems were quite similar.

The similarity of community structures in the two systems increased gradually from 41.6% (the first day), 50.2% (the
fourth day) up to 59.3% (the twentieth day) with the prolongation of operational period. The PCR-DGGE method was a
useful tool for the analysis of population dynamics in biclogical systems.
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HIZEALT= A T TR

FERELEMAFRMNER L, BT PCR-DGGE HEAR ,FFAAZBEAMFREFTENTHRIAANERTFTRAL S
MAEBEEEHHELREET T HEAR FESRERTEKEYLBEIZPREF BEE—HTL  AEEANEE,
R HTFAERESPLERESRNBEYREARER T RN R BEEREYRESATRIRE SR EH —EARR
B, BSFPREL—-MIBEYAEN AR EYLEERETHEOFTRFE.

1 HEMAE
1.1 RMEBEREK
AXRAFEEF RO R ML EEERG K ZRNENES ST —ARNE BN ARERI> A

5L 1 1. 25L, K BB ad Ak 8h,ZfTIRE R 20+1C. BREARFALRTEPREFZ S K, HAKFERLE 1. FRHHFER
COD.BOD.NH; . TN, TP.SS #84¢ 7k Fl B K W U 4347 5 B V45 3 AR AT 00,

®1 BEAKEER

Table 1 Characteristics of wastewater samples

o H Item CODcr BOD NH,-N TN TP SS
FR7E B Index range(mg/L)  121~650 72~380 21. 83~65. 29 36. 02~78. 38 4.13~5.39 48~204
1.2 BEREH

FE 4A~6CHRETBTEERNRBIBEHIBRMARED K RBMFHREES RS I WA EY R TR EF
BTFMBKETLE. EREESTHE 1R, F 4R, F 20 XGNP BEELBERFZ, FHIIEEMERL LEBRREK
A—20CUKkBHPEF, EEFEIRTETFHRKENY S, E8H58 G L3 BKER.

1.3 DNA #£H

RSB, B8 E 50~ 100mg; 7E B & F 0 A 300, B% BR 2k 2% #h ¥ (100mmol/L NaH,PO,, pH8.0), 300p1 2 & ¥
(100mmol/L NaCl, 500mmol/L Tris-HCI [pH8. 0], 5%SDS), & il & { 300~ 600ul, X /5 FH # 7= 4 ¥ (20W, 30Sec, (£)
SONICS: VC105PB, 100W/20KHZ) ;60°C, & 10min; B.OER W MALSEFPCIBR (B : €5 : RRB =25: 24
D, BEEH; SRS FRBUE DNAELE, A 70% Z B3 %, T4, TE 8 #lE M DNA, DNA #E 5 S 8 Miller iy J7
B, AR RMRLETEET HE, AEERAEREESLE.

J R S DNA Bk, RR BT A —20 CIUFEAE S R I PBS AR (BB P b IF BOW R R E BN RNAR P TR
Rk,

(1)DNA WM 7E 0. Spg/ml BRI Z BEVE W e 5 30~45min, Fi 22 B F/KEIRE , BFE 254nm B K5 T A WS
RME 2 .

(2)DNA WEBWE HHEAKHIDNAT=50X (ODy—O0Dso) [ng/pl]. A% B CH A B UV-1600) T & #
4 7E 260nm HI 310nm BRI, RAERBE AKX TH DNA B9,

1.4 PCR ¥3¢

FAF DGGE # PCR ¥"#38[%  E#3|% % GC341F (5'-CGC CCG CCG CGC CCC GCG CCC GTC CCG CCG CCC CCG
CCC G-CCT ACG GGA GGC AGC AG-3"); FT#3|# p2 7 EUS00R(5'-GTA TTA CCG CGG CTG CTG G-3'),

PCR M (3 1 #)R A 100ul R AR, H4H 2K :10 X PCR buffer CR& Mg?") 10pl; MgCl,25mmol/L ¥ ,6ul;4 F
BEZTRANTP)WIE S Y, & 10mmol/L, 2ul; ¥ 5] ¥ GC341F 20pmol; T ## 5| ¥ EUS00R 20pmol; Taq #f§ 2. 5U (3
Promega, PCR ¥ #i& ] &) ; i DNA 1~10ng; &5 K # W& K E 100pl.

™ ¥ )% B #E (3 )BIO-RAD /24 & B iCycler Thermal Cycler ##£47, % fi Touchdown PCR BB 4777, BB T&KAMAM
F:94C, HAEH Smin, e DNA EH: BEALE REEMA Taq B, EFREARIBRARBEEBRRABRES RS HER
3 DNA W& &, XA R4 Taqg BEAME N EHE AR ZE Smin MG BREZWE, RF, 94C,ZZ % 1 min; 65C, H
Imin, Z G EFHMMEFRFREEEBRE 1'C, 3} 20 MERF, 72 CEE 1min; BT 10 MEF KT ¥ SHH 94C,ZH 1min;55°C,
¥ 1min; 72°C, &M 1min, BJ5 72°CEM 7min, HHARBEAUBRLT BT B FE=WHE RS,

AT DGGE £#MFEMSIY 514 p3-PRBA 338F (5'-ACT CCT ACG GGA GGC AGC AG-3'); F##E|4 p4-PRUN
518R (5'-ATT ACC GCG GCT GCT GG-3'), PCR R R (55 2 )R A 100pl WENER, HESFHERAL. VSRR,
94°C , HiAE ¥ 5min;94°C Ak 30sec,55°C Bk 30sec,72'C FEf# 30sec, ¥ 1 30 NEHF . B&J5 72 CHE{H 7min, PCR 4% L &
1R,
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ATEFHBREHITERE . EE-HAPCRY EIE S,

#9152 T B4 X4 B B HE XY B BR T R AR DNA 4b, & 404 \ o op GC-clamp
2AE . p3 p2
PCR =Ml A L8R EESHkBE, =536
. . 338 16S rDNA p4
WAL Z 8E Y 30~ 45min, KB F/KEY P KL 10min, 254nm

TUEHFHEM,
1.5 DGGE s 3k
DGGE B FH{¥{#% % The Dcode™ Universal Mutation Detec-

B1 PCRY 1 16S rRNA ZHE K iR EE
Fig. 1 Schematic diagram of the 16S rDNA region amplified by

PCR in this study
tion System(U. S. A,Bio-Rad Co. ). DGGE H ¥ Jf B iy B vk | 3143 F1 4 5 R 60 I BE % 108bp, LT E. coli - 165 rDNA ¢

% 10% (P BB /SUR A MK 37.5 + 1) B MR BN 430 oo mm. 3107 1 50 2 5 #0028 F— BB 1 L.
30%%~50%6 (1005 I ¥E S H & H Tmol/L BBRRM 40489 K Loli 1 165 rDNA 9 341~534 £ 8 EEI 5 HHH — 4 40-bp
BTHEBE, LRERY 20p #9 PCR P9 GB 1 88978 . HiBAT GC clamp, B A 5K BE 34 % 233bp(193bp+40bp)

% £: % 1 X TAE (20mmol/L Tris, 10mmol/L YK Z BR, Primers 1 and 2 amplify a fragment of 198 bp, which corresponds to
0. 5mmol/L EDTA pH7. 4) B3k B ¥ 5,60 C &4 T, 25V i& position 338 to 536 in the 16S rDNA of E. coli. P rimers 1 and 3
7 20min, R J§ 150V BT 4. 5h, B ¥k E RS, 0. Spg/ml {38 amplify the same region but incorporate a 40-bp GC clamp at its §'
7.8 YL 8 20min, BRI E B T /KE L 2 .4 10min, R/57E4 end at position 338, after which the total size of the fragment
5h (254nm) F 5 T W 28 o 3K %5 5 3% 18 41 [Gel Documentation nereases to 238bp

Systems (Gel Doc 2000™),BIO-RAD Lahoratories-Segrate (Millan) Italy]

143 & A BIO-RAD QUANTITY ONE 4. 3. 0 8 #4374 8 . A X 0KE F & B AR AL B R 3K R 3#£ 17 . DGGE &3
BERHEUMENRENE, B REKEB LT R L Cs(Dice coefficient) 3 B A 2 ¥ ( Ml :complete linkage H %, UPGMA &%)
BatAELE. CG:=2/G+b),i REGMAMBRENEF.aMbIIEHEMAMBFEEMNFFR. BT RABWEEEN
OB E MR &M OB 1URAWAWHEED,

FEE 40 383 B X F 78 DGGE d 3k A bR P ER T 0 BB 8K 14 2 s B ) — e /N R JHEAT T Fah b B, KW B E
MERGESEL.

1.6 TIEANF

Xt Fk—4% PCR M ™¥ ,DGGE BRG . Ed R Z R G, EEFRER, 7 354nm KK FEEHT , %58 DGGE &
F10 K HBERMEHHTE . X FHRENE MR, RESEHTEBLH#HTUH. AEIFENTRITETTHY 30mg #
A A 2ml MG E S BIA 100pl # TE buffer Jf HE R . HERERG, —20CHRELR. RJGH 60~100CH#AKE
# 10min, fF 5 MALSS , ZE 5000r/min M EE T .0 Smin, B 6pl # @47 PCR 73 (58 2 80D, &R b, A 1. 8 IR IEE
BE#AT K, 2 B4 . BB B M5, B 2000 (9 PCR P41 DGGE, 2 04 b , #0725 [ W 46 45 A9 40 B A 42 BER BT » A
B ERBRHE S DGGE KA LUES : —& DNA HRIKRERETY, EXHELT . BN FTHRIE,. B LR EE
B EME R PCR Y . REREY MR, HAAWMENE RN IE. % 950 PCR YRR L WM F AR (LEERADHE

FHRE,
2 HRAITE
2.1 DNA #3325 PCR ¥ 3
M2 8% 6 MHER A9 DNA HE Rt Bt 5meDNA S NT =i 23130p
marker #47%¢ H o T LA 3L 40 T A /N2 23Kb, 5 415 & : 655700
BRI 41 0 /AR R B B 4 DNA TR T b 8 52 % B9 40 7 26 B -+ EEIIN
DNA , 3 4 B #R 8009 38 BUIE AR TL 4, 40 DNA i K i =
HEBTHEHER. .
3 IR 6 ANRERBIE YTt L FL3E B RG0S BB AT R 1 T

BARRFRAEY W B SFA K DNA ladder M HL AR A B gy 3 Agarose gel (1.5%) electrophoresis of genomic DNA of 6
K/ 230bp, HLBAMEST BBARA =47 30, 5B PCR I #BR Jifferent samples

BAF. B 2 1~6 &5 IR M 6 1FEG SRR IR 89 DNA ;i3 17 &1 150V,
2.2 ZATEBEE BRI 45min

2.2.1 DGGE BIE##H MDGGE £ #ERLMUE B EEEREL LB EESLEN MAAFZHERE
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BHEE . ALBRTHBREPHOBEYEHEE. NARKKENXERFET N . EEEBI—-RIINER.

600bp
500bp
400bp
300bp
200hp

100bp

B4 DGGE ERBkER
Fig. 4 DGGE patterns produced from 6 different samples
1~3: RBHEZE#¥ B T317# 5% Samples running at 4~6C (Ist,
4th, 20th respectively) ; 4~6: BB EZE BB F &7 5 samples
running a t20+1°C; HEUEER R 2 M H REEBITHHE 1.4.20 K

1st,4th,20th respectively

B3 PCRYM&=YHRREKER
Fig. 3 Agarose gel (2.0%) electrophoresis of PCR amplified 16S

rDNA of 6 samples
M 100~600bp DNA ladder,Nc [H % B Negative control,1~6
S &HHN 6 NEMAK PCR ¥ 8 7™ % (233bp) Amplified DNA

fragments of 6 samples

B 5 R UASE 3 Uk IE o 4w Mk it B £ DK OE LB, R RASS 3 9k

EIFRBERERIESRE, KEPAERET— M HEE HZE T T T T T B
DGGE B EM&EEK/NRE . BER, WAF LEHE FE/N, 34 —— 41— et | =13
B4R BB . AT T R R O R B R R S R J L,
BEE—EHWLT#. - — —_
e 51 —4— 4 —4— 4 —— ——
2.2.2 BRGNS & 3 RFAMSF K Dice coefficient) 3 T s
HEHNEELEUENERR. FixETL&ERZEE E 61 —— —1— 1T = -1 76
a8 - 4 3t 1
U HEAT LB 27 T 7
R (O O = S R S I
%3 AMEEEE g . ,
Table 3 Dice coefficients (Cs)comparing the similarities of PCR-DGGE 8 ol T T I Tl
fingerprints £
L 1 2 3 4 5 6 § nr — -1 T —|+— T 14
ane pl I— 1 4= = T12
1 100 38.1 56.9 41.6 3.8  47.1 g L S R g W g i R
2 38.1 100 31.8 53.2 50.2  20.1 ® o5t 14— —— — —— =115
. £ 61 —— - —— 116
3 56. 9 3.8 100 32.6 45.6  59.3 m 7+ 11— —— —_ 13
4 41.6 53.2 32.6 100 52.4  23.7 AP o T T b e
g 197 =t —_ —— —— 119
5 31.8 50. 2 45. 6 52.4 100 21.9 204 — —— —— -+ 41
6 47.1 20.1 59. 3 23.7 2.9 100 211} —— — — {21
2T~ — 1T 1T 122
23} —t— ot o L L 123
MEIFAUBE A 15 4 HUBERN41.6 4G 1 XD, 24{ - L L1,
3 6 1 5 4 2

B 2 5 5 MR 50. 2% (B 4 X R 3 5 6 HAERA,
100.0% 59.3% 569% 456% 32.6% 31.8%

H59.3%(E20K), FHAHBMNBEELRGT . EERLEELT #5317 R 2 Dice coefficient
B B 98 101, 95 1 2R 95 o 2 20 4 i D L1 AR R 75 , B BB 1O
O 7 e 5 B 95 1 95 U8 26 AR P B T 25 RBRAE 4 1 T AR S B BE M) B5 wHsE

Fig. 5 Lane compare

LB RBRRMEP.
2.2.3 HRBFESH  H The complete linkage F B3 B ST T BASI, LERINE 6 fin. KEER 6 MBS W
KB, B B B AR U D 20 06 IR BE P AR DL 43 Bl R 47 256

PR35 6 MRMERE BIERNRESITHE 20 X, MEED T 59.3%. #& 1,2,3 RIFNBAMAM K, F M 4,5,6
HRIFN B — W A EL B R D EHENRE TR IEROEL.

5 4, WPGMA (The weighted pair group method with arithmetic averages)# ¥ fll UPGMA (The unweighted pair group
method with arithmetic averages) ¥k MR KPR E (BB S TRESHER, 258 B/, BHARERRER LA R
S ESAERENR G, BRNANTE T BERE BTSSR R TR LK.
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2.2.4 WFER 10MSSTHINRBHRENESR. BX 7 NP RXEREHTERE, WIERIE 4,
R4 WFGR

#1
Table 4 results of sequencing of 7 bands
0.47
#6 BAREREF
wH RXFS RAREOD Mostly closely related
047 Band Accession No. Identity v . v
I— bacterial sequence
| 020 1 AY338406 95 Uncultured beta proteobacteria
#5 2 AY338407 100 Uncultured beta protecobacteria
“ 3 AY 338408 98 Uncultured beta proteobacteria
0.53 4 AY338409 100 Uncultured beta proteobacteria
#2 5 AY338410 98 Uncultured beta proteobacteria
6 AY338411 100 Uncultured gamma proteobacteria
B 6 H The complete linkage B8 H B REHE ¢
7 AY338412 99 Uncultured gamma proteobacteria

Fig. 6 Clustering analysis of the DGGE patterns of 6 samples

MU LS EERTUEE ERESRAZEMTEBS HAABY AR Y EREE XEHBRERB AR, £EKY
AYLBABTEEEENEM. BTFAKERFEY 1904 bp, MER KD, MAREEH®, —REXTRELEHR.

U EFBEXTREDBESHENIN, £ FXE—MRR .S S RW X BT — A B0 50 B Fh . 75 09 9 B3
BTFZEMOEE, XERE S TREDHESEENIFREZLFTO.BHAELERH. REET 8T DNA R
PCR P34 B 6 sk A B B £ 5 EA MR &2, LR AR F 5 i DNA ZAEE BT, Bilt, B X r BB H N E B4R
FERE., B B F—SEERKOER LI DGGE B L8, PR, PCR~DGGE X Ml ## & i i Ry 955~
99%57, BRI KT EFA TR BERTNEEE-ERE LR EBEIRRABRESFEN -1 RE, BLH,
DGGE £##ERMBRET - REMEVRESHERTAN TR, SRENEFERMER ZTREERE—-TEXH
#% ., Hit, LA PCR~DGGE FEEM A BREEHELTEAR RIFHR AR .
3 4

&2 AR TR 2 A A B B R B OR [R B B4R A 4 4T X T, T LA t DAF 4598 . X T ER SR AF B DNA MR B B S LR R
HT BEFFRERZRR, A% DNA MFK ;3 FE K PFBRERE S, i1 Ee R B A PBS BIRBER, LU AR B RFAE
A DNA; 5 DNA B S HA RSB HIH, R S EH DNA Z42 MBI E#ELT PCR I3, LIERBHENS
£,

BT TZAR, A KERER AR E R RERGT A THURNMAEYRES N . BEE BT E /Y
i, HEBEMARMEE QRS ; PCR-DGGE £ AR 72774 4 97 B2 /K 4 32 00 72 o S A Wy B 96 45 M o 2R A 0 T8 O 18 BR 88, R
AR RN AR,
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