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MR BR & ) R Rz 2§ (MBR) AT
WY SR EE
B IEAET K R TRK

(1. RERFERERE S TR, K, 300072; 2. FEFiEEFRl AR DA 2R IREE R 2ARF 58 B, K3, 300050)

@ OE DIRAY O T IS DA TN B, AR Y Al 2 R Y T AR A 4 R B A
AR R AR BB AT, 2 SRR AR AR I DNA, I3 F PCR-DGGE F ARRF ALY A #E I 2R k. 25 Rk
W TESON A s A THe RN 5 d J5 I RIS S5 M O R AR R UE , S Fh 5 R AR L 5 BT 21 47. 8% ; E 18
TR P S W RD B 2 R R R T RS U, B AL B T 2558 47, RO AT 38 45 )3 R . 7
BATE ), B TR 7 48 AR ) s 5 AR b S 1 TR FR 2 Enterococcus faecalis . Comamonas sp. .S W K5 3% 1Y
Fusobacterium sp. , A g & FHURIE YL 1) FEEEFD.

KR YN & PCR-DGGE , WU IR RESS 14, U E M A TS .

7 b T R R ) AR B KB SR 2 M RS kL S T 0 e Bl T AR W N 2% (MBR) BT
RN ORFEACFERE S MBR V57K) T EESE 2T ) 5 ELERVE R ) 62 e I R 4l s
FHA KA B A DA E IR A ST HE X MBR 32817 H (i A W B R BV 45 F R 2 R
PR AR AR N T AR A /0. MBR 3 H 7E i TR A WS e R B (MILSS) AR M 15 TR B 7% & (F/M) 1
NABAT, BRI AL A R, S s 0 S o R DR A LA R R B A TR SR A [ B A s i
A1, MBR H g fif B (A 2 A A F6 3 1 15 Ve 45 B8 s [B] ( SRT) #5848 i /K 45 B B [B) ( HR'T ) AN 85 9]
W2 Wh A= My A i s o). DL PCR R IEREY 16S rDNA 4% AR ZEWF 5T 18 AR W) 22 REPE FIRE 75 45 ¥ J7 1H
AT T B RERR B A R IEAS AT R SR A0 5, I E A AR S R R 3 T B R A
HEAT.

AHFGE MG MBR {475 e 1 B A9 S A e i & , LA PCR-DGGE | SR 755 0 FAE I HR
FEE RN A AE — BB AT JE A N 15 U v B A P e 7 225 40 1 YR O A R S T BB A R 1 AR Ak, #R
N5 B BER BRI E | LAIXT 4L MBR R Geis 17 I %4 .

1 BPRHRIT ik

1.1 B B ALsfT 550k
FEFRE IR A R FEFi5 K AL PR 40t R 15 R, K o N T B K, B R4 L3k 1.
R KA AP (mg- L")

Table 1 Components and concentration of influent (mg-L™")

A4y e iR WeRE
Lkt 400 KH, PO, 23
(NH, ), S0, 220 CaCl,»2H,0 10
NaHCO, 50 FeCl;+6H, 0 4
MgS0,-7H, 0 50

I T AW 1 s i8R H] PVDF rhas R 4R FIA A B0 30 LAY MBR SR ds, H
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BN 1.5 mo RN AN I RIETT IR EEAERRAE 15—18 °C, K S35 B BFIR) A 6 b, 2R R 37t ) 8k 1 7K Oy =X
FGLstT R LR, B RER B MR T5 Y8 A= 1 B 75 8 580, I EL T I DRSS 3 v 14 70 7 3 HE i/
TS R A ROE RIS e R

i Z0A
gk
T
—_ | :
Tl gL -
——
= : OO0 | ju
I 4
! V]
|
5k (- oLy
| &‘fzﬁ_ ...... EQ“@tﬂﬂ(ﬁ
#okits MBR BRHL

E1 e L2
Fig.1 Schematic diagram of the process

RIS AT 3 A A IGABATHEIE 26 1 UIBURE g 5 D M OT B 0 18], FE R 294 5 d JBURE 19K,
PEAFEWG TG0 WA, 29 10—15 d BURE 10, 2 KR BURITS P PR Hh B 5 | LA S T
HAT 0.2 MPa i, DE B HE AN TS Gtz A7 T L BORe 10 Uk, BAR R RS8O 2.

R2 IBITAPRIBUR S S

Table 2 Operation condition and sample numbers

WCRER L/ o bkl PR B S/
d HkEgh 5 DO/ L~ MLSS/ MLVSS/ MPa
(mg-L-1) pH avi g4 (mgeL ) MLSS
R 1 Gl 7.8 7.1 5996 0.54 0.04
5 G2 8.2 7.3 20: 1 4950 0.72 0.06
11 G3 7.9 7.3 6220 0.78 0.08
17 G4 7.5 7.5 7340 0.80 0.12
FaEM 28 G5 7.8 6.9 20: 1 7860 0.81 0.14
37 G6 7.5 7.2 9300 0.82 0.15
50 G7 7.3 7.2 9120 0.85 0.19
62 G8 7.3 7.5 20: 1 11440 0.82 0.22
JIE 5 gL I 70 G9 7.0 7.9 35:1 13500 0.84 0.27
80 G10 6.8 7.8 50:1" 14840 0.83 0.33
s AR MRS YR B0 I I 4 R =

1.2 JEPHZ DNA #2251

R A2 24 - \ S0 \ S I B R S 2l 1 D iR UL P 4 DNA |, BAR T 2 WGk 9]
1.3 K4 DNA /Y PCR ¥1%

SR X2 B0 An B Rt 407 16S rDNA JEP V3 X B RSP 51 9% F357-GC FI R518, 34471
A BEK #5240 bp'.

KHH 100 wL RN AR R, AL R 10—100 ng #i4k, 10 L /9 10 x PCR 28 ¥ (Ji1 20 mmol - L™
MgCl,) ,200 pmol« L~ ANTPs,0. 5 pmol - L' &EF5| 49,2, 5U 9 Ex Tap fiff, H 43 F JC 5 24l K #h 2.
PCR 7= 2] G ol DS e & 46 T 40 L opii

FIRETE L PCR RV 5608 ,94 °C T #2815 min, § 20 NMEFFH 94 C 1 min,65—55 C 1 min,
72 °C 1 min(HHEMERF G B ARE TR 0.5 C),J5 10 MEFHH 94 °C 1 min,55 C 1 min,72 C
1 min, J57E 72 C T AEM 8 min. § 3 YITE 1. 5% W BENEWEEEIE b 4T da .

1.4 PCR ¥ DGGE 534t
RIS I R R I e N 8% |, A MR ] 35% —55% , Fern A8 70 B MBS B -7 1) R 7 e v 3k
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Bl FRRE e A BRI IS AR B AT L UK 5% v )2 B rp SR TR UK 30 min. FEREAN INEEFLIMA S
10% JAEZE & 1) PCR A5 20 pl. 76 1 x TAE Z2opig i, - 150 V,60 “CHLIK 6.5 h, 585 5 #4 BELE
HEAT IR AR S €, I B AE LIS 11 BEAE Y.

1.5 ZHMHRESRES

s s
Shannon-Weaver 880N . H = - z PlgP, = - 2 (n;/N)lg(n,/N)
i=1 =1

B P =n/N, n MWL, N B 16 5 S AR
UPGMA RZE50Hr . ARG MBR A— 1217 JRI 3] 9 B A A 1 7 235 P R e () A 00, o) PRI 14 7 AR A
PEFIR M.

2 R 511HE

2.1  RHHER DGGE B3 43 Hr AR Ge ik AL R 9 )

BEE N 2 H3B AT, COD Y 2B RIKE T 80% —95% |, [l 1A B 7 UK Wy vk (SS) Y B 4 — 1 4
FEFE 95% —100% . 15 [ MLSS AWisE i, i35 25 3 O 35 ] 14000 mg- L=, V5 JEUTRE Lk (SV) L H 5 #)
[ 10% T+ 28 30% . 7675 VeI B 1 i) [T, G2 4 1) o 28 AN Bt e A AN i A8 Ak sl 2 B, 158
FES AR AR AR 22 5. 5 R R o 5 AL RGBT R 3K E =Y
B — IR T e Fi5 e i A W 26 5 LR B B 0 AR RN B () AH B e O 5 e T Ak
FERREE. B 2 RS R T RED RS TT AN 2B . S0 AR TR RS 4 28, L3k 3.

2 V5URRER BT PCR Y DGGE 43 B8 1A%
Fig.2 DGGE profile of bacteria in ten sludge samples

®3 ISR SN DGGE 43 B G A Fp 43 2%
Table 3 Classification of bacterial bands in the DGGE profile

FBAT W) — AL TR S S 5 B R 2.1

TBATHIR S0 SR B A U B W AR M348
A R RSNG| 5 AR S AR L e s i 1.5.6.7.9.10 12
R AR DL S TR |, )5 A S L b R £41% 13,14 .15 .16 .17 .18

L3 AT HA R 2 AN AT 55 35 B A AR FEAT T ( Bacillus ) (RS HETE )8 ( Pseudomonas ) KA
AEE A (Aeromonas hydrophila) % A LA 2 5 A AR B RO RIOCR. B i % 2 A Y R BRACR
WE 4 Fis TP AL T8 AR AP 3R BT, 15 e X & A 1Y 25 PR BE 1 & i s (H R BRARL LB R 1
KE 40% . EAFE WG LBRIER , IR R4S 1E 60% —T70% , Wi BA LR S RE R BEVE FH 28 ik
A5 LN T & ( Pseudomonas) T HMATR & (Aeromonas) I\E IR & ( Comamonas ) . Bl B5 15 4L
JEl, 2RI AT [ AEAR AR E AR U O AC ISR . a3 Y 3 Rl C 48 W AL R s i ™) MR
TFAEG RIS JRAL 2R 55, MBR S04 BUMG SRS AL IR , 1 T BEXS TG PR V5 Ve R ZE A B A2
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95% [ Uncultured bacterium clone RL203 aai63e01
Band 4

98%) Comamonas sp. BS27
Band 17

98% Enterococcus faecalis
Band_14
Band_6
Band 7
Bacillus sp. HPC40
100% Bacillus sp. JIDM-2-2
99%, Aeromonas hydrophila
Band_11

Uncultured Acinetobacter sp clone EHFS1_S14e
Band_2

Uncultured bacterium_clone ¢s90

99% Band 5

Band_8

Pseudomonas plecoglossicida

Uncultured Fusobacterium sp clone F91_270306
Band_18

Band_9

99%! Uncultured bacterium clone 054b10_B_DI_P58

———— Band 15
00s M- S BRI

B3 RGEKEW
Fig.3 Phylogenetic tree of 16S rDNA sequences
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Fig.4 Removal effect of ammonia nitrogen

ZRlt 2 11 AR A TE R IR 55 SEA RGP ARUE | IR AL TR H Az . X 640 T8 X A [R] A 2K 5 F0 T 25 4 1F
AT EGRAYIE NLRE ST, X5 K i B R 2 . 2871 11 AUSR Aeromonas hydrophila , &V 75 A
AR AETS K AR T SR 3 4 BB N AE AT — EAL TR AL, (B AE R I ] L L
BRI RS ARG IE b S e AL, U R PR A kR B X B A T . TEAR E AR
Py IO A9 MLSS AW T iy, {HL I S TR ol ) fol 2 0y ek 20 S M AF AR AT, 156 B AT B S B T — 28538 R 1 3
A, JF HENI7E MBR BRGS0 T 250 3 4 FTAURAVTFY ST T 4474 3 4 Bl R it
fir. kil 8 B OBLHEA TSR AR S (HAE G8 M R, X & & TR ML & ( Pseudomonas ) , W A7
B R BRI ik B A ) 3 R 3 2o B s A A s Ak R0 5B 5 4401 1.5.6.7..9.,10 12 7€
Feiis Je bR PE SRR , (EL R 2 I ] ) HERS 1T 2 0 B v UK. 350 D 3 288 TR ORI A B 5 UK, T 1 3 BT
P2 W D BOE T 450 6.7 ST (Bacillus ) BRI JEAE N 100% IZ AN 12 5046 T AR FFIA
HIFNRARZ A5 B RE R LY , A S R BB SRR AV T 267 131415 .16 .17 18 AR AV B
FIPEREFT AR DL AR IR |, 25 1 S D0 F M e | 1 B 3 28 G b B 3 107 I 19 i 7K K JB U B 3t 7
MBR T2 HYAEE, Al g2 MBR T2 ARG M GUE Y. Band 17 JEZEIE R B 4N ( B-Proteobacteria ) H1 (1)
Comamonas sp. , Comamonas sp. BS27 TE15Ue 1 RE ™ 4= K5 1RSI A1 3R G ) (slime-EPS ) 1352 I 41
F4EW ( Capsular-EPS) (i ;s EPS REHR At AR 9 1) v B 7K 3R e i It 1ok ol i Joie EL AT 4% B ) L A 4
oK RGBT | LA S AR AR W B b A T (1 SR 5 T s PRI, EPS AT B X B Bt e MEAE . A
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WFFE 4 FAE S, MLSS | EPS DL K5 b2 B R BTG Y i = 3 R P bl 5 SO0 2% 9384T, MLSS AR
VT 38, K P A W B AR R L 3 — B BB TR R D T b T, s 7 4 B L R AIG, 156 HH DA 2%
M 17 AR A TR B BB S Yo i ek SRR BSR4 A IR 5 [ R A
2.2 JEYHEE Shannon-Wiener ZFEEFEEM DGGE K5 AR RIME 5 R 2Bt

FES ZREMEFR R (H) W3R 4. & 5 LIRS U8 G1 AE I brifE , 45 UK 8 5 FH AU (05 4345 3% 4
FIEL S 0, [7] G1AH B, PR A AL RN 2 2 IR AR R ARG 2R 38 B0 i IR 2 H A5 1R GBS
A A TRE  TEFTA R G10 5 G MM 2 S K, A 9% , R WITE MBR 1217 1 [0) 45
FAAS A I K. B Rh 15 ek A BT PRI o — S fUE 1) 0 AR A B I B R A B AL 45 34 (HLIE 107 12 PR35 1) T v )
P I A AT TR, G0 S8 Sy 2830 A e e g i 0 1) G1 AR EL, WS IR TE L T H & 3G I BETE 451
HIRYIAL 4—5 d J5 SR U8 Hodss , M BIPE T2 47. 8% , BRI 5 , Shannon 45§ BCFIFE W : L 4728
FRUE BER/IN , U L MR R E R I 32 2R K ook | B G B8 TR, b B — L 2 BT sqa il
PRI (s T A R A [ A T AR A, RO EE R AN 7E A FR R
#0.72 5 , E YRR B BOE SUCA TSN, G8 LG9 5 G AR E & T G6 fil 67, X M HE MBR fig
i A4 v 1 TS VR MR B A DG (S Fl A A e R PR B ) 8 B A s g e v, — BB A I A ) SUAE 1 ok, 2Rk
T8 BRI AR A T3

R4 HMZSHEERER

Table 4 Shannon-wiener index of samples

e BRI FasE BT
218}

G, G, Gy Gy Gs Ge G, G G Gio
ZFEVEFREL(H) 1.06 0.95 0.87 0.80 0.77 0.79 0.72 0.78 0.76 0.75

T5UEREA DGGE B35 BRI HT AN 6, 2 il 9 SR AR i A8 ARG LE B 5. #4510 >
BER TR 3 RIS M ILSEPRERE TR 9 3 BB, UM TS PR AR 2 M it b T2 s 47 5 B — e ML
PERYAEAE. AN, FEE -5 IR TS e — € M IR , U — 38 e aa A7 I ] 2 A e 1.

4 . ————— Gl
- L T + = == == =+ 0.47
=1l =1 | F=F=F : G3
"FEIET LT ET = 07 }*‘*‘*’*‘%ﬁ
T T I =L =F 1= 1 = G2
TF=FEFT L E=T FF —030 ¢
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L N 0.42 G7
0.70
G6
4 L L4+ 4+ 4+ T 0.58 BEm
4 4 -+ G5
2 3 4 8 5 9 6 7 10 0.82
100.0%47.8%46.5%29.2%27.8% 262%24.6%22.0%13.9% 9.0% G4
5 TGURRE i LA B LT AR DL LA B6 I5URFEAL SN DGGE &3 UPGMA RIS
Fig.5 Similarity diagram of bacteria in ten sludge samples Fig.6 Cluster analysis of bacterial DGGE by UPGMA

3 45

(1) fEisfrid Ferp , MBR H i oo 45 1) 3 B 0 2 W) S B I IO S e | 356 17 SO 35 19 2R 4
ThRE. LRI BEAT — e LSRR 28 A YOOI, o il B T — S5 RO DL 3 i s . ¥ 908 TP B 40 T Y AR 4G
P A 3 O W S AR A 32 v T e P AR B A — BRI Bl AR AP IR A R L A B e 46
T HEART BT84 P B P

(2) B s ) 2 R PR A A D a0 B8 AR E , RV MILSS AW i, (AR AR W e 4
AIRZD TR G IR, A 5 JRRE S 4R 5 U8 22 5 e K AU R 9% . MBR RGLIEHTE M T
H AR B AR ST 251
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(3) MBR H U E AR IR T AS[R) B X RN g | 7 A2 17 8 P AE A 2 RS [ B R B 7R B b, 76
SO RTIAAN S B AR B EBA Bacillus J& 4. 723217 /5 1, LA Comamonas sp. ARG 1 —HLAL S Fh
JE I TG Yt AR
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Analysis on succession of activated sludge microbial community
composition in a lab-scale membrane bioreactor

FAN Yanming' SUN Baosheng'” ZHANG Bin® YU Fengqing'

(1. School of Environment Science and Technology, Tianjin University, Tianjin, 300072, China;
2. Institute of Hygiene and Environmental Medicine, Academy of Military Sciences, Tianjin, 300050, China)

ABSTRACT

In order to investigate the characteristic and succession of the microbial community composition from the
inoculation and domestication stage to the membrane fouling stage, the activated sludge in MBR was studied.
In the experiment, the sludge samples were collected and the bacterial genomic DNA was extracted
periodically. And the PCR-DGGE was applied to analyse the change of the microbial community. The results
showed that the change was obvious and the index of similarity dropped to 47.8% in the primary operation
process, and the microbial diversity in the entire operation process was lower than the inoculated sludge. In
addition, the microbial composition changed dynamically during the operation of MBR. With the rise of trans-
membrane pressure, the preponderant strains that increased in the later stage of operation were Enterococcus
Saecalis ,Comamonas sp. and uncultured Fusobacterium sp. , which probably led to membrane fouling.

Keywords: MBR, PCR-DGGE, microbial community composition, microbial diversity, membrane

fouling.



