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FEE R T 078 - ) I NE 2% Hh A2 0 R 0 A 2o R e T S A R R T o 4 i R A 0 T 4R IBUAR [ e S U8 v 9 3 R 41 DNA, R 2 F 168
tDNA ) PCR-DGGE ARG T 34 Yy #E & 1) DNA FFAE$8 SRR, 360 4 2047 T GE 320 B A0 U e 00 5 , 46 P P ) 630 kA5 T T 94k 4 # O
BT RGERFW. DGGE 44T R, 76 R BLa% B4THI 17d W5 T S AE Y REE S AR K, SEMB RO RE TR T 29.2% , A
T 3481 MBR b b B T 25 053 7K 7K 5T 1) B0 28 5 B0 A W B v 45 4 22 e PR AIR. 78X IR i 72 o, Pseudomonas il Aeromonas hydrophila % # i — H
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BERSRAL A AR . UPGMA JZ4HT K DGGE W% X 432 3 RISHEIEXIBL T 45 H 19381705 1. Y3 45 R 3R W1, MBR. +p {325 Yy 1 ¥ ) 2 Al BE 0 ¢
K, M Proteobacteria 4 #l Bacillus J& 4l 1 8 2. 7€ K I #% 38 17 J5 191 36 A5 4 A 34 002 ) 1 8% (40 Comamonas sp. ) fill il T RS e 4y 19 7= A=
HE.
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Abstract: In order to reveal the succession of microbial community diversity in a membrane bioreactor (MBR) , the genome DNA of sludge at different
period was directly extracted through chemical splitting. PCR-amplified 16S rDNA and denaturing gradient gel electrophoresis (DGGE) were applied to
obtain the DNA fingerprint profile of the microbial communities. The bands in the gel were analyzed by statistical methods and excised from the gel for
sequencing. The sequences were then used for homology analysis and phylogenetic trees were constructed. DGGE analysis indicated that a noticeable
change took place in microbial structure after 17 days of MBR operation. This suggests that the treatment process and influent wastewater composition has
a significant impact on bacterial community structures. Populations such as Pseudomonas and Aeromonas hydrophila were the predominant species
throughout the study, while primary communities such as Bacillus sp. died out, and secondary microbial communities such as Enterococcus faecalis
Comamonas sp. and Fusobacterium sp. increased. Cluster analysis of DGGE by UPGMA (unweighted pair group method, arithmetic mean) divided all
lanes into three clusters, which corresponded to three manipulation periods during the whole experiment. The sequences indicated that the phylogenetic
tree presented the longer genetic distance among the bacteria in the MBR biomass, where Proteobacteria and Bacillus were the dominant species. The
preponderant bacteria ( such as Comamonas sp. ) that increased during the later stage of operation had a greater impact on the production and
accumulation of membrane pollutants.
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1 5|5 (Introduction)

Ji5E - A= ¥ )2 Jb; #% ( Membrane Bioreactor, MBR) &
— b ok R N AR ) AL B T — I B R A W Ak B
AR FHERGFAEYEEEME R AT RKE
B T5 PRI A AR AT i L 7K K B I B o T AR
INZE AR A5 (Thomas H et al. , 2000; Rosenberger S
et al. , 2002) , X HAF 2] T A K R IZ M.
TESF S MBR o, ZFp A W) KB 55, A B4R
RATIER T — M AExE & A R A SRS, #5 LK
K B TR R PR AL B TS Y R i MBR i AT IR
BABAT R FEE R R, By TR A 75 Je 45 & A A A
BARE) F/MAE, A=W TE B ¢# (autolysis) A
HREPBEHRRET KERWRAERRBE Y (W0 EPS,
SMP %), M iX e ¥y i B i R 15 i) FH AR
(Meng F G et al. , 2006 ; 3¢5k ££,2007). H i, %tF
BB g N TS METS T T M AE I R R SE A B AR Y
PRI AR A E 3R m K45 5Thae ) £ 2
HREHNEXRR, XX MBR RGBT RE
PR AL BRROR (Ha ) B 75 Y S 0 B R BB B S B b
AMEMERETRREX.

EER,EERR T TEYTARB LR, A X
AN TR B AL B 25 N 75 8 B A W I R A W R TR A
WP LE E A SN BUE T — & B RCR . 2 Rowan
(2003) iz A DGGE H 8 T 4b 3 [F] 7 & 7K 19 4= ) 1%
UE L L A A0 A W) B Y R E AL T B RE R A G
LaPara 55 (2002) & B, 76 2h RE AR 19 JR 7K AL 3 A= ¥)
RBLas L EEEWBT AT A ERENMAEY R
& 454 ; Calli 55 (2006 ) R Fi§ DGGE £ AR H B A 43 7
TAEAL PR AN [ & & A B IR IB W B9 AN [R] B2 L A%
AR W) 24 1 B9 57 (7] 5 9 1 7 55 (2006a;2006b ) A
FE T REERN 4 480 S0 1 A JBORE 75 U8 HP 0 A W R TR Y
ZHE AT TEEST. AT ERIRAMKR
MBR H {2 W) ¥ T 1Y 22 40 M R 8 AL, A F 5T
PA/vik MBR % 15 92 9 %t 4, # Fl PCR-DGGE ¢
AR XS HRD YL T 1R 2 Y5 P B T R I — A
SERIBAT AW A T5 R R A W B T A A B0 TR R
7 WEE , S 7] B 3 02 0 9 25 Pk 465 4 4T AH A

P AN AT, X o B T B AL SR R HEAT SO R T
34 T P 45 R 1 GenBank AP EAT LU MM RE 5 B
TE4B 7% 27 28 7R 5] 32 47 B 30 100 A 00 B V% 45 4 1 8
AR R, N A — 2 A R G a 47 48 i AL B 2K
RARMBE— T BB IBRYE.

2 ##5 A%k (Materials and methods)

2.1 ERRBELERBFLAH

/M MBR BB A ZS R 300, B 1. 5m.
Fi 5 VR B B 75 K A B T 4 Rt BT YE R, #E K R
L A AN TELK , B SUR4 W3 1. #E7K TOC
%160 ~180mg-L ™" ,NH, -N # 40 ~45mg-L~", Ja Bk
WHEHS5.0~5.5mg- L KR TZHBABENLS
% 3CHR (5K 55,2007 ). ABFR R AR K & F
FP-T % PVDF 25 SR 4E A4, N 424 0. 65mm
SMEH 1. 0mm, i3 JEFLAEN 0. 22 um , FEE ALK 1m”,
IR BE IR AL HFTE 15 ~ 18°C. FE A R FF R A
FBI X ERIB G BT HEM A, I
MEREHFT BRI E R LR E, BRE
4 0.10 ~0.20m>h ™", /K J {5 B i} 18] 4 6h, B i /K
BRI BT 3, K 10min, 45 2min. [ #% 38 17
i 1E] 4 4 A HETR

#1 ATERKNASRRE

Table 1 Components and concentration of artificial wastewater

443 W/ (mg-L™")
Gkt 400
(NH, ), S0, 220
NaHCO, 50
MgSO, -7H,0 50
KH, PO, 23
CaCl, -2H, 0 10
FeCl, -6H,0 4

BpEas 4247 T 85d. B 1 A 3L BURE & 10
W5 1RO OB A% T 46 38 A7 5 8 5 R0 1 1A,
J& BN AR IR B A E B 2 Sd BURE 1 UG REE
AR B TRE , KK R )G , B 1A B 29 10d
BH—K BEZ2RABE R REREEFLRETS
B 2.
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Table 2 Characteristics of MBR at the sampling times
BT % mg-L~! 5 Bk
BURE A i)/ d U DO Sl RESA : MLSS{SDE&TILVSS/ BT
w9 - pH K TOC AR i /MPa
/(mg-L71) /(mg-L71) MLSS
BRI 1 Gl 7.8 7.1 20:1 75.1 38.5 5996 0.54 0.04
5 G2 8.2 7.3 62.9 34.9 4950 0.72 0.06
11 G3 7.9 7.3 42.7 33.6 6220 0.78 0.08
BEp 17 G4 7.5 7.5 20:1 30.1 18.7 7340 0.80 0.12
28 G5 7.8 6.9 25.5 15.7 7860 0.81 0.14
37 G6 7.5 7.2 15.3 13.6 9300 0.82 0.15
50 G7 7.3 7.2 11.5 12.5 9120 0.85 0.19
s 62 G8 7.3 7.5 20:1 11.8 1.2 11440 0.82 0.22
70 G9 7.0 7.9 ! 14.0 12.7 13500 0.84 0.27
80 G10 6.8 7.8 50:1* 11.5 12.3 14840 0.83 0.33
T+ EPUIRJE N ST GRS R R R W R
2.2 ¥k 4 E 4 DNA 50 % H= - PlogP, (1)

W J5 8 T RUE TS U6 H 00 A4 W 3 7% 1Y IR
RIB R, Sz B SR Ak 2 2% (B \ 05 \ 57 N B
$2 ) -0 & a4l /Y 77 ¥ 48 B B 4 DNA (#)h  %
£5,2008) . s UK A I , BT 74 DNA Jr i 45 T 5B K
F 23kb; &4 TR I, L Ay /Ay ¥R 1.76
~L79, RABBRAEREMAFERRNEREA
DNA, 7] LA A A #E 4T PCR 473
2.3 KX @E W PCR Y ¥

K FAXT K 22 %040 T8 iy 40 7 16S rDNA F:[H V3
X#EEA R RER TP F357-GC F1 R518, i k%
%=, PCR 2 i % B ( Muyzer G et al. , 1993), DA X
B2 A B B S L a4 T R R A R IR R

100 WL 5 I 4 2 2H A% : 10 ~ 100ng AL AT, 10 L
# 10 x PCR buffer ( with 20mmol - L™" MgCl, ),
200pumol - L™" f) dNTPs, 0. Spumol - L™" 4 Fh 5| ¥y,
2.5U iy Ex Taq B, H AR F T HE B 4K 4k 2. PCR 7=
#2235t % £ (BIO BASIC INC. Cat. No. BS363) &iik,
Bl B & ¥ 45 T 40pL Buffer.

2.4 % 4E 165 fDNA B Bty DGGE 44

A C. B. S. SCIENTIFIC /A &) B DGGE-2001
ARG BECWRE Ty 8% B VERE R 35% ~55% , i
4 60°C , B JE H 150V, 76 1 x TAE H1EL 3% 6. 5h, 52
B PR B S HEAT A R AR I 6, 0 IR R AE WL A
TR,

2.5 DGGE Hikw £ #H 5 R KA
2.5.1 Shannon-Weaver 3¢ 8 A=Y BETE SR
>k i Shannon $§ ¥ (H) &R , A4 :

H #1582 H T DGGE J 47 i A2 B A 47 HY
SROBE, TR W RY R B N @ i 2 BE B A AT AR
Quantity One 4317 J5 75 2] B9 P W i AR =/ 7, BP P,
=n/N,HH n TR, N 4 BT A R B R,
2.5.2 UPGMA R (44 W TEREKZ, Mk
HAE RN T HITHE MBR 89— N3 17 B I 9 (A2
FhOIAL ) B T3 Ge 8 ™ ) SAE W) R R 45 0 R AR
1k, # % 74 B B DGGE K % i# 17 UPGMA
( Unweighted Pair-Group Method Using Arithmetic
averages) R 4T, IR I A R HE A 2 453 7 A A
DL B2 g 2 2R R HEALARS .

2.6 HEWAWHIEESLNF

PEHL DGGE K 3% H iy B B9 45 4 7 T 20pL
ddH,09 ,4°C Fid . LA A, LA F357 F1 R518
H5|¥#EAT PCR ¥4, g B KIRE R 55C, HE
PIEREF R 2.3 95 PCR YA 1. 5% 3t 8 BRI
B Yk A 0 - U0 Jie 4k 2465 9 PCR 724 5 pGEM-
T #% {4k 3% 4% ( Promega /A & pGEM® -T Vector System
D) JG, 5463 E. coli TOP10 RZ M, ESH X-
gal \IPTG 1 Amp Ky LB 3% 35 & F F # 3% 3% 16h
(37°C) ; ¥ B BE 7 8 FH M B fb 7 3 M T LB 35 9% 2
HL3TC T IRG R, SR BRI 2616, ¥ PCR J5
Xf 7= ¥y 4T 0 PP (L ¥ Invitrogen A iy FEAR A R 2
Al).

2.7 BERMESANE R G H MR AME

FF BioEdit(v7.0.5 g ) X Il 45 3R #E47 AL 3
JE 32 3| GenBank ${#E & ( http://www. ncbi. nlm.
nih. gov) , >k i BLAST 347 H 45 5 51 F 5& H FE oF BF
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& PSR HE L 23 4. B J5 R DNAMAN (v5. 2. 2
J2) B Sr BEAL R

3 SLIG 4 B (Experimental results)

Bt Xt MBR 1247 J& 39 A BT $2 ARG 10 15 JR A dh

Gs Gs G7 Gg GoGyp

A

FEH A M YIE 16S tDNA V3 [X H Bt 341 ~ 534 £
FHEAT PCR ¥ 3, i 17 DGGE 43 #7, 45 R & 1
B~ 15 U8 H A 9 2 4 1 Shannon 35 075 fk i
WE 2 Fias. B4 2 HE R UPGMA R 45
RINE 3 .
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1 FiRFAD SHAE DGGE & (A. DGGE & & (Bl EZAWYARICH | ~18) ;B. A K i K A SR BB (LURE & GL A dmifE, T

M A H RS GL AU R Fom KBNS )

Fig. 1 DGGE profile of bacteria in ten sludge samples ( A. DGGE profile ( The principal bands observed arelabeled with digital letters (1 to 18) ; B.

Similarity diagram of sample lanes (lane Gl is defined as 100% . Values along the bottom indicate the similar coefficients with G1. ) )

e
=)

Shannon #F%{

o
)

TIRTRN RS NI N SRR B AUNINN NS S N
Gl G2 G3 G4 G5 G6 G7 G8 G9 GI0

Fefh 5

e
=

B2 5iE# &% DGGE £7 /) Shannon 35
Fig. 2 Shannon index of the DGGE gel in sludge samples

Gl
0.77
G2
—— 1030 G100
0.54 G9 }ﬂﬁi?‘%&
0.57
G8
0.42 G7
0.70
G6
0.58 FasE
G5
0.82
G4

3 B4H DGGE EiZ% UPGMA X447
Fig. 3 Cluster analysis of bacterial DGGE by UPGMA
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BEIA R ERZFTFHRTURNF G, &
GenBank A BEAT LLX , BRAGA & MR IEMEE B, &5

RNE 3 T, REREWWE 4 .

R3 A#BSST 16S rDNA FIILE X &R
Table 3 Results of some partial 16S rDNA sequences using BLAST in GenBank

GenBank [t %} 45 51

KW NCBI # i 5
ks Ry B [ Y
1 DEZDG1X8015 AJ853605 Uncultured bacterium partial 16S rRNA gene 100%
2 FRO1MT65014 EU071522 Uncu]tured. Acinetobacter sp clone EHFS1 _Sl4e 16S ribosomal RNA 99%
gene, partial sequence
Uncultured bacterium clone RL203_aai63e01 16S rRNA gene partial se-
4 DFOU3A7VO1R DQ805501 95%
quence
5 JGYW3GH4012 DQ444188 Uncultured bacterium clone ¢s90 16S ribosomal RNA gene, partial se- 99%
quence
6 FRDGD4GUO14 AY803983 Bacillus sp. HPC40 168 ribosomal RNA gene, partial sequence 100%
7 EFTKWUH801R EF584540 Bacillus sp. JDM-2-2 168 ribosomal RNA gene, partial sequence 100%
8 DF3NEPVUO15 EF645247 Pseudomonas plecoglossicida 100%
1 i ial 1 NA fi 1 4B10_B_DI
9 FTHYSZYNOIS CR933234 })J;l;u tured bacterium partial 16S rRNA gene from clone 054B10_B_DI_ 99%
11 DDJ075E0015 EF681114 Aeromonas hydrophila 99%
14 FTYW1TE8012 AB244434 Enterococcus faecalis gene for 16S rRNA, partial sequence 98 %
15 FTZUZJYAO14 oA 3 B 7] U e -
17 FVKP3C96012 EU031774 Comamonas sp. BS27 168 ribosomal RNA gene, partial sequence 98 %
18 FTWHS2B1012 DQ490529 Uncultured Fusobacterium sp. clone F91-270306 16S ribosomal RNA 96%

gene, partial sequence

Uncultured bacterium clone RL203 aai63e0]
—L Band 4
Comamonas sp. BS27
H Band 17
— | Bacillus sp. HPC40
Band_14

Band_6

Band_7

Bacillus sp. HPC40

Bacilllus sp. JDM-2-2

Aeromonas hydrophila

Band_11

Band_1

Uncultured bacterium_clone GZKBI112

Uncultured Acinetobacter sp clone EHI'S1_Sl4e
Band_2

Uncultured bacterium clone ¢s90

Band_5

Band_8

Pseudomonas plecoglossicida

Uncultured Fusobacterium sp. clone IF91-270306
Band 18

Band_9
Uncultured bacterium clone 054b10_B_DI_P38
Band_15
0.05
—

4 RIEBLAST £RMEZM MBR F RAEREREN

Fig. 4 Phylogenetic tree of bacteria in MBR based on the results
of BLAST

4 118 ( Discussion)

4.1 RAEBEEMNELRE SHEMELN

A 1A Hrw] J, W] S5 BT AR B 4H B A 2
KRB 3 28,003k 4 FrF). 247 59 18 B 2 B BF dp ¢
PRFFOR S AL, 3 2 2 A 75 U8 Hh 4 48 T8 X 35 B A9 B
THARBRNEN S, TUEFN TERXGETR
BAER. ER AR BITRI (G, ~G,) , TEMIT IR+
BT 43 45 W 2 B ) B HE BB T B W 2R, I BT 1
9 Band 7.10.12, FFr R 3R A B Fp 2 Be A5 PR o o5
BERESEAL, (A5 B 19 DGGE B % o JLF
BB e 55, U6 B 33X B 43 40 B 0¥k 3E L 3R
B AR LT 32 B 0 2. B2, 1 T DGGE £ R 9 5 R
P —F B DNA £ 8 DNA & & F
1.5% B, 8 JC ¥ BL % £ AR & U 3] ( Muyzer G
etal. ,1993) , FH L, XEMEHAZHC L E
WK, R AR S R A S V5 T A BB 76 J5 391 9 13 h
BN k.
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%4 DGGE B s &5 %
Table 4 Classification of bacterial bands in the DGGE profile

FHIE R

AL S Hy

Uncultured Aci

AT I 6] 4 2R AR RE 10 D A 1) ol R

)

tobacter sp. Pseudomonas plecogl

”\

Band 2, 3,4,8,11

Aeromonas hydrophila

B G BO U8 SR R J5 0128 W 0 AR O Al AR SR R 5
IGES

B R AR O SRh I8 , 2 )5 391 8 4 o It i B Bt = T 44
B R

Bacillus sp

Enterococcus
Fusobacterium sp

Band 1, 5,6,7,9,
10,12
Band 13, 14, 15, 16,
17,18

faecalis, Comamonas  sp. Uncultured

B T E K O 525 = e K, 7K R 4B 1R R E
H ik, R AR EFT R (G, ~ G,) AV RETR 4510
HAR BB AT, TR LR B M5 9 R D,
B — ST B Y 4 X A0 S B B, AR AR W) Bk
G2 EBR. X 15 LaPara 5 5B 5045 R AH—
B, BARTE M BB 5T HF BT R R I 20 A0 AL 28 A9 R K 4
Ji 584 [E] (LaPara et al. , 2002) . Tfj 7£ 3 SL 81 58
PR R 7K 7K 5 Y 82 B 85 R {5 75 T A 0 R T 45 1 L B
ZPHERCR AR AL, T 2R B B A A 1 ((Yuki
M et al. , 2007) . 3% Ff A= 4k 4% 14 75 TG A9 B8 58 1 5 1%
YRR AN R ERSHEAMES S, E8/ KR
P EX — B B ARG R ERE, Wil
X LB 41 B RE A5 1R 47 A9 3E N MBR H B3R 58, X Fi5 K
WEBCRARER T EREBENEN AKX
WA BEAT o B 5%, LA — %8 /Y b ] A 432 A 35 T [R]
B 0 B 5 BL A% K 2 52 B MBR R Bk BR R
zf1” (Stamper et al. , 2003) , H- A EREFH—F IR
5 MBR RARGAM. 5 (G, Z/5) , BRARLHEBR
RARFFRRE, HELLEEZW B/, RIS HH &
JPE.MET G, ~ G, 18 G A B A& T AR
% X SO T [ N AR5 1T 5 BB W G A P AL B
FEBEERZERNER, EREE-PHHRM
AT,

& 1B A0, XRS5 R G FEMAE
VRS SEMISER G HL, AER RN E
B, FH A A A 9% , UL B R ok 5975 TR N
W RFSS I 7E MBR BT8R & 00 T B8R 1L. F5)
REEMYIML Sd 5, B G, 5H&MIBRERMAMUED
STREDT 47.8% , X WA KLEHE BT TZH
BEX TIHRATUAEY RSN AEE BB
M.

Shannon 45 %2 i A i o G0 W) AR O 208
AR FETRER. WE 2 AT LIE ), MBR
H 4 Shannon $8 8 AYEEZ T T — > B #i el >
FBETRENTRE, X W3 MR AT RHEAR

NG, B THEN RS MAEYHREER —EK
Yol /b, T %F MBR HR 25 5 RE % 5 4 56 7 #1817l U AR 47
HIFFE T TR TE R YL Z J5 , Shannon $8 %728
FEIEREEAR /N(0.7 ~0.8 ZJA]) , BB 7E MBR 1 B R
AR W vk BE AR v L 3 BE B KA A0 3 o B O B0 A
i, BLEA [R] Bk 30 S 7 4% 9 AL T 00 S st i 59 0 2R
MMEBEZD TEMBRERILHITZ (A0 T
), X WK P EFRYRBE AL —F K.

B E 3 AW, R DGGE % 4 /Y [F] I8 1,
Quantity One [ 3/ 4k FR B [E) )57 BF BUAY 10 N &
g3 3 KPSLHRE I8 S LR B AE P R DL AR B 1T
9 3 A B A X R, 33 0 0 B 35 U8 9 R RE 45 40 AR 4k
bEE AL B T 2B 47 7E A R B B 3 1 2 3 — 5 )
R T AR e AR R TS e A B (B LR B
REGER FERYE, BLBA T HEE LA BT A Z
[F) 28 ¥ 3k 9 ) A AR
4.2 WNFERERAFHMLN

H AT, Genbank 84 FEHHE A A KB & RKMAE
Wy Y 5k ER] A R0 OR ST B R ARG R L X, X R R
AP REERBETFENEYERFRIE. —
MR UL, A Y)Y 16S rDNA [a] I8 14 3k 2] 97% =X,
DA BB, AT DACKE 3X 28 B R Ry — A B R IR K 3
94% B LA _E B, AT DR X SE R — AN B (R E,
2002).

DGGE & iy — KRR — T BB R 4
KR T HAE K BAL(OTU) . 3R 3 WL, BT 4R
SEHZHT BR Band _15 SN 7E GenBank R F| T 5
HEEEBR SRR AR L2533 MK 4 W I, MBR
I RE TR R R R AR R0 A TR R B 4
R, H Z I8 #E 1L BE B 88 K, H H Proteobacteria 44
1 Bacillus J& 20 T Fh S % 25 — 28, AR 57 o 43 55 3
MR ZE f AR ZHFBE M (Uncultured
bacterium) , 1] H. 5= £6 40 5 BT & 19 BLAK 7 & A 340 1
J R WA P ETERE . TR IR AR5 B AL S 7 7Y
)8 % Band_8 JB TR B H JE ( Pseudomonas) , J§
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TALREA VUE 7, AT ™48 1 4R, P F F I X35 ; Band
_11 B /KK BMEE (Aeromonas hydrophila) , 2%
WY A A K P AR T 3X 2 R X IR
7R B3 O BB 7 BC5R , HLB 3@ B MBR BT 42 4L Y
A R TR ROV AR B AT 5 R TS G B W N B A9 1
OUT 2R A R R A B R P, Band _14 J& R BE T
"] ( Firmicutes) , Band _17 B A & B T H (8-
Proteobacteria) \Band_18 J& #2 T & 49 ( Fusobacteria) .
Hed , BB FEE, Comamonas sp. BS27 115 I8 Ff
277 A R B BRI SM 3R & W) (slime-EPS) 71 3¢ i
g 4P B4 ¥ ( Capsular-EPS) (Bala S S et al. , 2006) ;
B & ix 26 W) 5 1 F L A R AR R 2 AR TS TR B Y
Zeta B AL, HE T 7 Az 5 B 7K 1 B AS B0 24 35 6 22 1K
X S6Y5 Y8 2R R K B b W B 7E IR SR T, TR R T SR Y
UEDEIE , A MBR i) EE RIS Q) (Meng F G
et al. , 2006). X iBH , 7E MBR 1217/ #J L) Band_17
FREBR RS AL B 38 BT BE5 EYH
HERR,NETEGEARHE & E.

FUEDRE A EERNRBAERE, R
FALTE S, A BEE o AR IR BT R B 51 W) R S0
87 R, T 3k 26 B B 9 8 8 1 #2 X MBR #9352 47 3L
REEEZENEW. B, MR ETEEHERR
A BIBFSE B, AT Xof i 26 40 B 4R S 1R 5 Y IR
FERITIWISE , SRR T i S5 40 T ¥ 75 45+ S % 2
REZ A YRR

5 4518 ( Conclusions)

1) 16 B A is 47 1 16, BEAF 72 4 AR 5 R 2 1Y
DUSHRE , 7 X 3B 30 52 38 D7 A6 7 882 55 1O B 46 10 4
P LA Kl B R ) 8058 A R AR B X UL, 15 K
Qb B T2 A0 Bk K K BB B X T TS U A R AR )
MRS B BRI R, A W) B R 45 4 L TE Bl
J L s P A T Bt 30 A 35 9 738 Ak T A kA, DA T £
TEXT 15 7K Ak B AR B B2 RE 1

2) TR %% JA S0, 3 3R WAL B B, 5 R R
Tk A= W ¥ 4354 B o 1) 38 A6 B K 5 T 72 MBR. AL 2 A%
REER, KARBEHEHBERBARE; £
W AR R E, MY MRS
WhEZ A 2 Al R W R B, A [A] B JE T X
T4 H BT 7E B 12 17 W 1, 10 7 (7 26 ¥ 18] B9 48 1oL 1,
WH—EFERE —ENEERR.

3)MpP4 R MBR 3 A Wy MR o0 A R
R, EERHEMHBES AT AR AR, REH

Fh R R 2 3% 3% B A (Uncultured bacterium ) , H
Proteobacteria 48 F1 Bacillus |& 4 & W& 25 — 86, £ | W
WB1TJE M, LL Comamonas sp. X 3R B9 1L % B B
Xf BTG R P A AR RA B EE AR

REMEEFN D EZH(1957—), F, Bl #H|, WL & 7.
EEFHRH W KT S EH L i #. E-mail: baosheng_sun @

sina. com.
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