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Bacterial community analysis in fouled membrane of MBR

Student : Chialing Chang Advisor : Prof. Chihpin Huang

Institute of Environment Engineering
National Chiao Tung University

Abstract

Membrane bioreactor (MBR) is a biological wastewater treatment
process in which the conventional clarifiers are replaced by membranes.
Because of the almost total retention of biomass in the bioreactor, MBR is
a promising wastewater treatments technology. However, membrane
fouling hinders the widespread application of-MBR. Microorganisms
play an important ‘tole in degradation of organic pollutants in MBR.
The diversity and variation ofsmicroorganisms in MBR and their
relationship with membrane fouling has not been well understood. In
this study, the.relationship-between bacterial community.and membrane
fouling was"“investigated.  Molecular_ biology -tools “targeting 16S
ribosomal DNA genes were used .to_.identify predominant bacterial
community inthe sludges and on the . membrane surface.

The distribution of microorganisms.in.the reactor was homogeneous
regardless of "sampling-location. | 'After installing /an. aerobic selector
prior to the MBR'the diversity of the microorganisms was simplified and
Zoogloea in betaproteobacteria phylum becamespredominant in the MBR.
Under different SRT . (10, 30, -60--days) "operation, the bacterial
communities of the sludges ‘were almost identical, but the bacterial
community on the membrane surface differentiated instead. It was
suggested that the difference in bacterial community on the membranes
resulted in the different fouling propensity at different SRTSs.
\errucomicrobia was identified on the membrane surface at 10-day SRT
and Chlamydiae which was close to Verrumicrobia in phylogeny was also
identified when the MBR was seriously fouled. It was proposed that
\errucomicrobia was one of the key microorganisms which induced
membrane fouling.

Keywords: Membrane bioreactor; Membrane fouling; SRT; PCR; DGGE
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bR R AT AR TS LB MG PP A
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% o MBR & - BAFfeenF B ot FIHP nd e @ 23 57 F
SV AR LI - WA ES R E L U N s o )-5: A SCR IR S B S ok

7]%._ i,éqj A o (Chang and Lee, 1998; Chang et al., 2002; Li and Yang, 2007; Zeng, 2007) )/é' ﬁl: f’f—‘v ‘,?2 Egs
T2 B0 A 54 AR BRI M G b doBl 22 9 o
Factors affecting fouling
Membrane Biomass Operation conditions

— Configuration -+  MLSS . — Configuration |——

— Material — EPS < — CFV

— Hydrophobicity — Floc structure | <5 —  Aeration

L Porosity | Dissolved | | 1 4 ppy/srT

matter
—  Pore size —  Floc size — TMP

' -5 (Ch 1., 2002
B] 2-2 E’;E:ﬁ%il—ﬁl?‘]_ﬂ_ (Chang et al., 2002)
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; Park et al., (2005)



and Lee, (2003)dp &2 o2 i s 7 Ao AT LR G 8 8
F 4p 1% 4 PAC ¥ 14§ »2sh% 4 SMP {- EPS
2. H Ao i g nde gL 1 B e 3

«f”/*/ﬁ“/ IR 1 i B ;f‘, R R ik (Kroner et al., 1984; Nikolov et al.,

MR - FFEIRUEES b SRR TR B R S

/

—H

mn

- - 42 (Chua et al., 2002; H et al., 2002 Se 1= 2
%\'mmﬁfi’;:}w (Chua ong ),y qﬁpi#ﬂm é‘ﬁ,gl,;,ia
P . . A e [P Vall et al., 2005, Zh: et al., 2005
B L E R R 1T B g eng g (Ve ang )« 4 MBR

SRR RS MRS SRR 3 Een s

—E’.\Ms ;F».— 1 (Choo et al., 2000; Lee et al:} 2001; Kang et al., 2002)

FHEEEFT R fIER ke Ed Rt 2K A LS
& > ¥ Cho and Fane, (2002)3 272 =& f&- 7 10 & T 4% (74 Howell etal.,
(2004)3% ) 200 B 4 (% o

A 18 7

Doyle, (1991)4; 21/ d 3¢ st fifeimpfl chpr K122 3 i®% o 5f

D R e 53_;;5_g gt fl: = %éq ok (Viero et al., 2007) & F,ﬂ;f%

J\ (Ma et.al., 2000; Asatekin et al., 2006)

Iﬂ

B A w5 AR o & & E m g s MLk en
Y ,é’— 4}3 ;/$ ;’; jfié_ , f)’"]'&t” : E}"‘ﬁ% B ‘/@%Ei F— (Kim et al., 1988; Jonsson and Jonsson,
1991 St d, 1988; Hvid et al., 1990

"~ A G coating ALK RS o Oene " R

L1 ] Yan et al., 1988; Nyst d Jarvinen, 1991; Y: ishi
* UV %3’1"10‘5@1#%-—%{ ?ﬁil E:RE: 1 (Yan ystrom and Jarvinen amagishi

et al., 1995; Ulbricht et al., 1996) -l
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etal., (2006) 7 4p 21 & Woff A2 R foid it [T s Pl iR Blde &
9 B Aok (77 PE Wz ffdsif s PVDF W& feh o

EPS 17 % pE%8 (polysaccharide)fr3-v H (protein) = i & = i» > 3
pERE 5 EPS fi L ehfe 7 > @ 3o FE RS K P o i *#*K'/fv@‘
9 (glycoprotein)sAj;\ 3 > B HE 3 BET R BR 0 B
FoR A B 3 ALK g g (Newenand Weserholf2005)

EPS ¥ & = & f8 3|54 » & % 5 Bound EPS {r Soluble EPS > 4 §]
2-3 - Bound EPS % & 5 't ¥ flmbe + 2 % ¢t ¥ A ?f B BT
¥ 5 5 BER (capsulan) MG (gel)23l & 5 Souble EPS P43
fRMEE Al A 3 SR %ﬁ d fwre 3 (lysis)f# x4 ek
f2 2 4 o BoundiEPS ¥ ¢ ¢-%] 5 T B FlF 2 et %05 &3 k4 Y > A

Soluble EPS "I Z ,\ ,I. (Hsich et al., 1994; Wingender et al., 1999; Laspidou.and Rittmann, 2002) o

Tight bound EPS

Loosety bound EPS
BOUND EPS SOLUBLE EPS

% 2-3 Bound EPS &Soluble Epg (Vn9ender etal- 1999)



23 AF 2 FHEETHREIMLL R
BRI AFEAT AN RHrFREFAE S 254 %’ﬁ‘
d B Z F PRt AL (morphology) ~ 2 32 4 fic (physiological

characteristics)~ 2 it 4F % (biochemical characteristics)fr i % 5 & 4F

ll‘iji-{:t J‘}‘ /,;,\i;(ﬁ_ ’ 'lif'%\' 2_1 t"‘—i'z;lj o

Fo2-1 lwpEk A R 2 gl gy Busectal 19%0)

Categorie Examples

Colony morpholegy
Color of colonies
Fruiting bodies
Mycelia

Cultural

Cell morphology
Cell size
Motility
Flagellation type
Reserve material
Gram stain
Acid-fast stain

Motphological

Temperature range
Physiological pH range
Salinity tolerance

Carbon source utilization
Biochemical Oxidation of carbohydrates

Enzyme profile

Selective media

Inhibitory test Antibiotics
Dyes
Serological Agglutination

Immundiffusion




% 2.1 m fﬁ /:% o éﬁ—g 2 7},@_2;‘;"'—;’? ;}.3. ,ri_ﬁg— (Busse et al., 1996 )

Categorie Examples

Fatty acids

Polar lipids

Mycolic acids

Lipopolysaccharide composition

PAGE of lipopolysaccharide
Chemotaxonomic  Cell wall diaminoacids

Cell wall aminoaeid composition

Whole cell sugars

Cellular pigments

Quinone system Polyamine content

Whole cell protein PAGE

DNA base ration (G+C -content)

Random amplified polymorphic DNA (RAPD)

Restriction fragment length-polymorphism
Genotypic (RELP)

Pulsed-field gel electrophoresis of DNA

fragments

DNA probe

DNA:DNA hybridization

DNA:rRNA hybridization

16S rRNA sequence

23S rRNA sequence

Sequence of the /3 -subunit of ATP-synthase

GroEL (Chaperonin) sequence

Phylogenetic
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A1 N AR FE A KA P R R S RHE D01 % ~10%
(Amann et al., 1995; Ranjard et al., 2000) Bl 2-4 % fcd Jo o ’é_‘ﬂ%\"fr'“ﬁ':f#/ﬂ\ 3

2. ‘H} '3? (Muyzer and Smalla., 1998) o

[ Environmental sample ]

A I,
[SOlAtION s

\J

Nucleic acid extraction

PCR

Hybridisation analysis

RT-PCR
Y Y
| PCR products ]
7 7 X

Adaptation of culture conditions

DGGE/TGGE T-RFLP _PCR Clouu
¥ [N

| Genetic fingerprints | | Clone llbranes ]

A Sequencing of Sr:quencmg of

mdividual bands uniqug‘:r clones

[ Sequence database ]
s N

Comparative sequence analysis
¥ AL\ |

[ Probes J [Phylegenetic tree |

Fﬁ;] 2.4 //ﬁuv,(i # _};3,:%_1 é‘ﬁgg\' ’ff’%"f#ﬁv\ ’}"rl 2 ‘H} %(Muyzer and Smalla, 1998)
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ERBIARD 60 A F A PPN ER LR N FET P
Y EER 2 Dﬂ’fﬁ » B iRGbra 5P m s a R A pEET e B4R
Foo P mRE BRI ZAF ARG E KR S FT
(Fluorescence in situ Hybridization, FISH) ~ 3§ #g #5389 T & % ~ '3 p2
% 2 (T-RFLP) ~ % 44 B &% 7 /¥ (Denaturing Gradient Gel
Electrophoresis, DGGE) ~ & & fi=:i 4% & & (Polymerase Chain Reaction,

(Amann et al., 1990;

PCR) ~ 75V %2 ix (Flow Cytometry) ~ £ 4= & 5 % o
Abughararah and Randall, 1991; Bond et al., 1995; Wagner'et ali, L995; Liu et al., 1996; Regan et al., 2002)

TH N Tha ek G 2 PN EG BA T wmEE AT
2 i "f AR P R R D e R 2 P
BB T MG WER R
231 R epeiagr &

RE g F ko o HE Ko %&{ﬂ? fi% & K- R F] g v 2
L3 E N (inNVitro)ie (T A0 s lbb et~ 3 E TR 0 £ DNA
LB ¢ A (amplifi) T 100

PCR shR 32 5% Jhad 4c »~ i 5 5931 3 447 (primer set) ~ ANTP (¥
% ATP ~ TTP ~ GTP ~ CTP & DNA e & & 4 ) ~DNA R &%
(polymerase) ¥ & 4= » 2 P #&F5 7| (template) » 35— i ¢ IR E
FRSH] 0 @ P 1% DNA (template)5 % 12 & & (Denature) ~ 4 & F &
(Annealing) ~ 2£ £ & = F & (Extension)%/ﬁii’z@ Mt AFE PSS o

. %M &5 & (Denaturation) : $-5< DNA A8 B K ET > d RALT 42
F LA A % ¥ 9% DNA o
2. 4 & F J& (Annealing) : & #74c » 2 & v 513+ (forward primer) ~ i
w51+ (reverse primer) £ % {4 {5 H WL P 1% DNA 4 & fie ¥ o
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3. £ & = F Ji (Extension) @ & = fifr F 3 4K o

PCR 14k (% = 7 ¢ DNA ehE 40— & > fn = hE 4F 4%
iFehz Bcts » DNA H{4ecnB ¢ 82" AT ek & i 2408 F
2T O DNA & e sl 4o - B DNA &~ 3 2 £4F 7k 25 = >
7% B DNA eha + - ¢ 53 1) 2° = 10° B4 3 - &1 DNA $
o R ndf g dEEM R A s WP .
232 RBFRABTA

FHHRAYTALLEZE N RWA2LTY] od W ELFE w
FlentpE P s 2 RT AR E B o R AR 22 SR
?;qgwﬁuzzal;ﬁ’j%gﬂ PCR #-E Wi+ %73 2 16S rDNA
AT $R AR paiE A RgE o R BE% DNA - 3% 1 GC
ERERMEFET
2 % DNA" B 70 X 3| % B-Bpde gk 03 84 - A2 R O 1R
B g A AR 2 IR § R T w2 AT D 7 i
B fErep i) o 20 PP BT R 2 A DNA  BAR 0 5

F%ﬁ#&iﬁﬁﬁ’%ﬁﬁﬁ&ﬁ—%$°ﬁ%ﬁ%ﬂIWA

clamp » £ #3547 &2 » DGGE. ¥ T %7

-

BRSO MAR @ RN FAEAESPCR 24 5 22 0 B
FEARRT R PR A YRR S E G A O DNA B 7| o

e 4]* DGGE & 74 M A7 7 P& v 3 2 &' T4 472 DNA
BECE B )3 500 bp o EacA dtz DNA B EE B 4 3 500 bp
o3 R SRR R AP A AT R SR LT

e
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24 AF AP HpS FER 2 R

EFAFAFHIFERB I Y T E RB L T F e
BT D)2 E I o

FLo 3 FH02003 £30 F Rt 3 ch bie ik FiEET Y
€335 3 I el d drdp vy i COmPrtal 20 o Klatt (2003) & 4 A7
IR R B AR T - X o s FRFE G LA E R E IR
% 0 2 F J&H ¢ 14 Flavobacterium-like bacterial %% ik < % #c > 1658
AR T50% o

Miura et al., (2007)7% & 75 » F JE i €58 K chie & {30 jie 4 A
HRHM-¢ 5 (a5 7]t LaParaetal,(20060) 11 * + 1 & &
AT A Rk Ry e € L e e 4 A
FoAp it o FEEG A B E VA 2 0.2 m & 045 am 2 F BT, F1e
it F MR EMRIET o RAJEHE T it Apirx RAp e o
2 $22003 # Klatt £ % § AR AR TE BN HETETT X £ F
#p % % 038 %o Choi et al. 007)PTFIFFRR Flefok 17 5 &k %
Mo v g R A B EEE st 2 NF & ME B0 o 8 3] eh s i ik
4 P ipE_~ R Ap B B-LaPara ?;—kiizﬂ % AR o #7112 > d LaPara
21 Choi ?3‘ 7 g B A O REUE R TR e I e T 2 R R
®oenpid AR e

Jinhua et al., (2006)3% 1 » & Jith @ R4 £ 2 ficd $4p & 5
BPREL R R PER o A G e

i
Gammaproteobacteria it * % $co F|§ ﬁ ARG EANLE B A

=K
(ﬂ

FrRe- HRELEPEF R A2L L E2 4 4xFwd
Hec 4 ¥ 4p 2 Gammaproteobacteria it~ % #c > 2 Gammaproteobacteria

A1 Boped Py 2 iby B %H A1 45 2 S HNE
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BT EFENA G b2 HcAd $4p v 02 Gammaproteobacteria i+
S A AR SRR Ite o

Zhang et al., (2006)/7 3 &% k5L 2 g PR T > SRT 5 10 % 2
HOAE SRR 4 %0 SRT 5 30 % o 8% W% 1 P & “HR

P HEE R L LS S T A
»

LR R e AR R -
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AFEFRAY 23 2 P PURE R PR - 71 PCR B
& DGGE = 5V BiF Mt 1 & et % 6 2 L3 i s 480
2. F i3 T332 6 SRT ™ ;3. F B BE2 B2 dwd e ¥
2 FHZNE .
31 REZEH

< RN A AR R B >

Y

. o Z:n/"f/}éf”‘gﬂﬂ'ﬁﬁ Z:ni% ik‘
ERBEL (10% ~ 3%;@&);&) (l‘ﬁ%i%&?ﬁ&i%)
AiEE T
(PCR & DGGE)
|
FHRER TR /%i%&f‘ﬁ%i% FHAFESRTZ R &4 5 48 4

CEXUE LIk 3
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d\p;{‘“-’» #E3—F}@’f§{‘1/w,ﬁ;{\;}ﬁl?’ﬂ a 13%7,1 }\@
LRI LR R R AR S B PR
4\3%,3‘&,?5’7‘..1 ﬁ%’?ﬁvﬁ,ﬁo ﬁ?%{%MFJ’}F’JEﬁZ“Fﬁ% %ﬁj‘% y 12

R ¥4 ® (level sensor)iy+#] MBR 1 iT484 30 L »

DO~TMP % if B $diciE o d BB %4t T o6y » U Erdlicd 2
B2 ETRE o PF}@E?,?**”@# FlE T g 0 T RE
TMP " [ esg i+ ﬂdg.ﬁ W?WE%:'TMP 2 B e B33 &
F}M?””%M# ,eﬁﬁs.zf{ g‘ﬁiﬁwﬂi‘ 3 o

I #-pH ~

"-.J

B 3-2 FRthdERY
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Color Defination

Bl e unning (oMY
stop(oFF)

EEFMEATE B

Time Pass

N -

Time FPass

[ 500, [

S2

rigkieRsE | I‘@ """"

S

SW3

Exit

Trend

Bl 3-3 FRHA* R &84T &R
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33 F Riikirp F 2 iEit

331 B[k KRAE BRI L

B KR LR A A B RFE R R T At H ST

FREMZAFA LB A IREZ &S RERETRG AT R
FlI e R 2 B ko RERE T o

AR R 2 GRR G BERR RPN ok 41 g kR
REMEFLENTFTLRF R B~ R KRR g AR - RS
st~ MBR % > 12 p koK

ERLS




% 3-1 ,ﬁ;‘fﬁ@ ok e a2 ER

Compound Concentration (mg/L)
Sodium acetate 2527
Corn starch 150
Beef extract 250
NH,CI 670
KH,PO, 154
MgS0,.7H,O 355
CaCl, 73
FeS04.7H,0 87
CuCl,.2H,0 0.35
MnCl, 4H,0 0.63
ZnS04.7H,O 0.66
CoCl;.6H,0 0.15
Na,Mo04.2H,0 0.08
H;BOs 0.124
KI 0.166

332 F Ikt

AP F e THAE S 300 o E e 5 02m 0 4
o f kR L 1.2kg COD/m’ day » 7% § #2412 6 ~ 7 mg/L » pH $241
B 68~72 Hd WU I %RARGAAFE  FABRTER AL 10 %
30% 2 60 % > THE pAE L 3L1IL 2 500mL -
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34 FEH K %?Ao\’}’?

BREF B fAF i 24 Rk n > FieF & 2 KA 47 38
B & % 73 /& k& (mixed liquor suspended solids, MLSS) ~ %, # s (total
organic carbon, TOC) ~ EPS ~ $g sk js % -] & & o 2 ¢ MLSS 4 #7
Hr B mEe T i TOC 7 TOC 4 5 ik 4 +7 5 EPS #_1
phenol-sulfuric acid method # Bradford method 4 %] 4-¥+ % pE g 22 v
T30 Rn sk A 47 5 ARRT X ] A R F SR A 4T R R
a2,

B

3.4.1 ¢ B & Fldr

i YpBPSIA B T A G B 200 and = 0 5 dEd 4000 rpm
B 20 2 48 K4C) 8P| 2 3F fRELEPS) 5 23N R R d 5 R F P
18 5] 2. X B~ EPSo H 3Bk dof] 3-4pn (Fneandlin2002) o ppg oy

LEEEFB R RRE BB AR @G TLE R E ALY

~
]

Yo AR AE PRSP A RUERS 2 A 45 EEY o § pEag

|

{ﬂ.

& +7 E_% P phenol-sulfuric-acid method > H & v HH 4 5 R 5
= ok _&r,g] 3-5 #nep (Gerhardt and Murray, 1981) S ﬁ»rj ?ﬁ_-’»é’\’ﬁ' E]'J {%‘}%
Bradford method » # ¥ V| bovine serum albumin (BSA)# 5 % & » =

= 4o @] 3-6 #1oF o

20



10 mL /3~

A

0.06 mL 7 F£ (36.5 %)
4 ,1hr

A
4mL IN & ¥ i“ 4
4°C 3hr

20000 g &<
4°C ,20 min

(Fang and Liu 2002)

B 3-4 EPS 2. 5 B~in 4%

21



I mL DI-k

Tl % (F e )

i3 BRE S
(5~80 mg/L)

A

1 mL @ (5 %)

A

5mL JEFifE (75 % vol/vol)

Bl 2o £ 488 nmz. vk ki

j§-1=15
dWH 2 BRI HA
2Rk EF 2R

i

Bl 3-5 Phenol-sulfuric acid method (Gemardt and Murray 1981)

22




, 0.1 mL DI-k BSA & 5
0.l % & (Fm4en) (0~0.5 mg/mL)
3 mL Bradford &7
SEREE A T Al
J&5~45 min
- - =,
o=
Rl Rk £ 595 nm2 k@
.I
1
B IEE T IR T E
: 230 Fi
s
*BSA : bovine serum 1 0834)
*Bradford reagent: Brilliant bl phoric acid and methanol.
(SIGAMA®, B 6916)
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35 F B iEF AL

3.5.1 DNA %3

B RR A NEITE G 2 RTINS ERBFAE A A
et B ot LRI AL gt PR Flim e Ptk A i

@R A AT Y Y AR R & DNA B BpFs ¢ L1 23G

e4RER 4 APk (8 R s 5 R 3 0 £ 127G gt ER 3 e (8
Rl 5 R FTRT 0 M Bl e JE R %’f#“‘ ok 2 (SR
Ix PBS ik =t s & et Jde Btk 124038 ~ 78 38

% * VIOGENE: B 233 # 5 P~ 2 2 DNA (Blood & Tissue
Genomic DNA Extraction Miniprep,System,sVIOGENE) > H " 't 2_ £ %

P BT

1. 12 8000 tpm s 10 4 48z o f7) pellet *° LS mIWic & 3o ¢ @ o
2. 4 x> 200ul LYS Buffer » 2 2324 > 3237 C T %12 /] pF -

3. #4v» 200uL EX Buffer 2 20 pL proteinase K °

4. 60°CIF* 30 A48 n 8 S A &IFF R E ;700C T HE 30 445 -
5. 4v o~ 420 uL'98%¢e g iR & o

6. H#T R &4 B AR Eddlp#7 i 2 spin column ¥ 0 T - spin
column #x » collection tube °

7. 12 8000rpm T Hreo 2 A4 (S A fws}ﬁ‘—u i e

8. 7 4v 500 uL Washing Buffer » 2 8000 rpm 3.~ 2 &£ 45> £ 455 =X o
9. 2 { %:#(9000 rpm) s 3 F7 o

10.  #-spin column % » FreH 1.5 mL fc & 3 ¢ @ o

11. 4c» 200 uL70C & F°k » # X 335 448 -

12. 12 8000 rpm &g » JE{F DNA $ & ; % %33t -20C T -

24



352 R LG F R
3.5.2.1 313 (Primer)

AP R EPRsAA F B & AT Y chprimer set 5 357f-ge ¥ e
51y (Choi et al. 2007 Miura et al. 2007) o imer sof 7 444 44 3 w61 165
ribosomal DNA i3t V3 region 2. & 7€ (73x~ o & AFF 7 ¢ » ¢ primer
AEF RETF R FRaR%FE DL 5 F RAIME P R%H
4o 3-2 0

432 AP * primer 2. P % Z H 5 7

Primer  Specificity * ~Target site  Sequence (5°’—3’)

CGCCCGECGCGCGECGGLGEC

GCGGGGCGGGGGCACGGG
357f-gc  Bacteria 16S

GGGCCTACGGGAGGCAGC

AG

518r Universal 16S ATTACCGCGGCTGCTGG

3522 F ikiciE

AEFT P R EPRAALF Rk TP RR A FF 4o 3-7 9197 o

94 C 92 C
5 mins ]
1 min 72°C| 72°C
55°C / 1 min| 4 mins
1 min
33 x 4°C

W 3-7 R & pEsas £l (viE
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353 TAALYT
3531 HrPBERRT A

AR d PCR 89718 0| ehg o £ 0 A F 5 7] > F)pb 103
PR T A R AT RS B R F FAM AP £

RFFC o T 54000 5 ehA  Li FEeh o 4 7 i 7 DGGE A
7 5 ﬂﬁ&?%ﬂ?‘f :

1. #PCR A B~ 75 ul 12 % ¢F 5k 4 Sk Sk g 2+s & w12 260 nm % 280
nm gk & PR FPREE 2 SR DT E o TEDTERRL i D
f#1- - DNA k & #F#@ 25~40 pg/ul ¢

2. P 3uL L PCR 247 & 3 uL 1X Loading Dye -

3. #-1.5% agarose gel ¥ *c»~ o TAE Buffer:»7% 741, ¢ > ¥ & TAE
Buffer # i% %% 8 o

4. #- DNA- Loading Dye i fei71* 1.5% agarose gel 7 well ¥ o
12 100bp ladder z_ [DNA Marker bt 4t i& J5 o

1100V RRRGE 7 R Ak e

4 Loading Dye # # T "} #8 ch= & 2 — PEiglk @k o

© N o W

™2 0.5 pg/mL Ethidium'Bromide :& (7 DNA % & > & v % ¢k Sk &g if o
% F & & 2. PCR products # i€ * & agarose "4 k& 7 “74 & >
# 3-3 5 DNA BRIl BRHRETH2UMER -
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% 3-3 DNA BZEB¥RTEZHHER

Gel Concentration (%) DNA Size (kbp)
0.5 1-30
0.75 0.8-12
1 0.5-10
1.25 04-7
1.5 02-3
2-5 0.01-0.5

3532 #BPEHARAEYTIADGCGE)

AP YRR R RS R K E S DGGE? mgt e fl g s
R 5 20%3 80% I & F S 7 Am et R 4 T doodk (T FRdoT
1. P40 pla® & p=:g 40 F fe £ A 4728 & 10 pL 6X Leading Dye °
2. 4v o~ FEa60C TAE Buffer > 04 ¢ 0 € 40 well #h =2 2 %0
Buffer p o
3. #’ &2 PCR A3 %2 Loading Dye s » well ¥ -

4. 1200V TREF LA SR
5. #{s41* 0.5 pg/mL Ethidium Bromide & = DNA % ¢ » i v ¢k 5k
B i

AR ARRE §FATRURIER 2 55 2 A KRk

% (High/Low Denature Density Solution) > @ ¢ | * gradient former

(Bio-Rad):& (7 MR 2 fe @l o & 3-4 5 M Hpe@prorie * 2 L - &
I E

27



% 3-4 BUFHRPTRY L CELT

Constituents 20% 80%
Denature solution  Denature solution

40 % Acrylamide/Bis (mL) 5 5
50 x TAE Buffer (mL) 0.4 0.4
Formamide (mL) 1.6 6.4
Urea (g) 1.64 6.56

to H20 (mL) 20 20

10 % APS (mL) 0.2 0.2
TEMED (mL) 0.02 0.02

3.5.4 Acrylamide/Bis *3 422 DNA it

12513 357f-ge & 518r i {7 16S tDNA % +=2 PCR & 4 » 4] *
DGGE 4 1754 # DGGE %4 14p & end ¥ 4 ] T 15 8 »t & Bk
P i freezing-and-thawing #E 72 M E B~ B 4 DNA 7 5 B & AR
TR o %R E4F @847 BCR-DGGE 252 8 & (L ek 458 T AR 25
H - 24 5o 5 L chDNA £ 41 * & GC clamp 9313 (357f

Z 518r)#-DNA %+ 8, 3 ¥ &GS da % -

355 A4

A7 Y DNA BATAE A2 L3P T2 g Ao v
(Mission Biotech, Taiwan):i& {7 o #-B~ 17 2 B 7] % % ] * NCBI
(National Center for Biotechnology Information) =t #74% i Nucleotide
Blast JR7% > 43 T/ S % & wh 774 > £ 4]1*% MEGA 4 3t
1 W 4 %A+ (Phylogenetic tree) ©
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A -3 5L ke o ] >
é’m-ﬁ‘ S ¥ B3t

4.1 A4 Bpwz st

AL L ABE R A 1R 5 165 IDNA « £ ¥kt fk & ¢ n
DNA - £ 1% DGGE # 3w jz » ¥ d 5 7]t $eng & KBy 2 MBR
i SRR (TP ped b R BE (R o
411 DNA z %8

16S IDNA 4 72 # & 1 (F % 5B~k & ¥ 7 DNA > % DNA
RIE RS L EFPEA AT B DGGE F % € § 3~ 0

vy

w

AT A e d 7 R B2 MBR B~ koo 2 w4 A
B % 2 28 Blood & Tissué Genomic | DNA Extraction Miniprep
System (VIOGENE, Taiwan)% UltraClean™" Soil DNA Isolation Kit
(MO BIO, USA) & % P~Tk Bt e &2 DNA > 1 vt e 5 B2 2 iR % o
4-1 5 7 I 21 % P~ DNAC £ 2evagarose-gel®li# © H/® DNA marker =
£ & 5 # 0% 100,bpd T ALK YRR T 1000 bp o deF4L 5 1500 bp -
2000 bp 2 3000 bpie d @ 4-1 ¥ 5+ MO BIO & &#1 5 B~2_ DNA % 7%
Far > T DNA #2548 < 5m VIOGENE % 2 #7532 DNA & % #
e 2 RA G Bk A 4R R F1k 5 VIOGENE % & 1Y
A kw3 DNA- 2 % MOBIO % 27 # =% ;3 DNA 93 % o

2 4-1 P FERFBDNA B2 PRI ELS  Féd I F
BASEIZEFBE D o2 MO BIO 2258 afEA 1 7¢ eh
DNA ¥ i % 30 T+ (A260/A280 « ** 1.8) @ etk ~ 2 Bl & 3o
TEE2 53 4R (A260/A280 48:F 1.8)% F kA& ; & VIOGENE
PEPSERF o AEAL1? HDNAEFDBHAEZ B ERE - A Al
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*2PIT A% R TR

-~

i€ o A fE Y B 89t ® 2 DNA i 7 PCR 2 DGGE 9 %

FIR 422 B 43 R? 7d AR FEEeTEL RS PR

£B >~ % VIOGENE £ & & 4t g 5+ > 5l 27 5

VIOGENE % i 718 9 5% o

A260/A280

R
MO BIO (M) 168 2.54 380
VIOGENE (V) 269 1.74 186

*DNA k& ¥ = : ng/pL

30
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B 4-2 7 5 P~% 2iti7 PCR » 17 { 2 agarose gel Bl:#

Bl 4-3 7 F X P % w27 DGGE 4 #7115 2- Bl
(MO BIO : M ; VIOGENE : V)
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412 PCR
75k ¥k A 2 968f-ge ¥7 1392r 513 ¥+:2 17 PCR 9 % » 4- B 4-4 (a)
Ao oo frEED ARG N EHERBI e - RERE KA
TE 447 HAS Fri RF MR BER 7 5340 #P & PCR e
e '*Ln:j‘éw A il 2 g R E g KA
EERE AR ER R R R T H s 357fge &
518r > 47417 & 2 ¥ 3] PCR A 4 4o [ 4-4 (b)*771 > 38R & F15 DNA
Ak R » BRBHE A2 20 B4 F DNALRBE D 2 %

ggz%‘PCRi.ﬁé%oﬁ 3 %5 % mal ® 4 2 DNA f095 445 & PCR
Iy XX , st7 % PCR F i

B 4-4 7 k3513 %2 PCR A& % agarose gel B:#

(a : 968f-gc/1392r ; b £ ¢ 357f-gc/518r)

3L ¢ DNA marker sh& & 5 & i 100 bp d & /£ 23 3 1000 bp > 3%
14 % 1500 bp ~ 2000 bp £ 3000 bp -
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42 FoEANEF BT S 2 E

BRI F BT 0 ELIGRFPAL @SR AR
Fowrt H A Bk 24 0 € R B R E AN (selector)
FA P s BB SHO W B #9334 X E (Zoogloea)it + £ 4
£ 0om SR ERAR ]

hAT G Orie 2 EAAH A S 500 mL o K IFAEF EET &
Vi e e TN

AFEFEEAISRT 2 10 % » A B R Bt #% - R8s Es8

| E =~ i MLSS~TOC ~ EPS # Eﬁ#p%“ib °
421 EFRHEF BN KT L2 1L

Bl 4-5 5 F Rt i "%‘:’%’iﬁﬁﬁivk??}ﬁx%“o@4—5(a)
5 MLSS {2 @1 o B mich B 0 F 5k F A2
MLSS % 2580 ~ 3500 mg/L > * 2.5 3087 mg/L ; * J&ff » = A 7 K
#F A 2 MESS & 2480 ~ 3760 mg/L » T 325 3050 mg/L - ¥ 5 £
Jett MLSS % 2 ~ 5 BB & SRT A8 » 2 FRH #4221 %
WEBLEY -
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MLSS (mg/L)

TOC removal (%)

6000

—e—— Sclector
v No selector

5000 [
4000 +
3000
2000
1000 [
(a)
0 | | | | | | | | | | | | |
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70
Time (d)
10
100%4\/\/ Vv, -0 H—VQ v @ Vv
99 18
——@——  selector (removal ratio) —
o8 | v no selector (removal ratio) %
——A——  selector (permeate conc.) =
O no selector (permeate conc.) 16 ‘J
l o
=B Q
©
- 4 o)
4 r D E
o}
3r o
g N o o O
2 " N = R B @2
Ll
(b)
0 1 1 1 1 1 1 1 1 1 1 1 1 1 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70

Time (d)

F4-5 5 RH»HLED

(a)MLSS (b)i%

HRE
415k TO

34
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NGBz BNKE AT S A TOC 5 140 mg/L - Bl 4-5 (b) 5 F
kK TOC €2 TOC 3 *; @2 %t »d B° 7 &k BH
e ERERA 2 F AR TOC 5 09~1.6 mg/L> T35 1.4mg/L;
FRW DA ERERN 2%k TOC 5 1.87 ~ 12.94 mg/L » T35
9329 mg/ll e F Rth o bt #REMH 2 TOC L3594 %595 99
%3 F Reth s A S RE M 2 TOC T 352 % 5 19 97.7 % -
Bl4-6 5F B 748 T3 ZBXEAHZAFLEPSER d B
FAro mem kR AT g EREAN 0 F BB iEE EPS ¢ &
v OER B PERERC B 4-7 & F B iR A R EMAN 2 EPS
PR FESpEEERE R B 4T P Al Ry FER GBE
e FEEIBE G FERORE >R IFGHER™F o d B 4-7
Ao kst EPS ¢ SRR R e FR AR o @l kv T Sk
et @ R4 3104 ~ 1.5 Bura et al.; (1998) & 7 7 4 417> 3o Fre7 3

~|

PRt ERAPT 02~5 B REFFT ERIFE o
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I soluble protein
35 - 2272 soluble polysaccharide
I soluble protein

[ soluble polysaccharide
30 ~

25 A
20 A

15 +

concentration (mg/L)

10 +

0 T T
selector no selector

Bl 4-6  FRTh i AT ERAE AR 208 32 EPS k&

500 10

450 —@—— Total protein

\% Total polysaccharide
400 — - —  Protein/polysaccharide 18
350
300 16
250

200

Concentration (mg/L)

150

Protein/polysaccharide

100

B
50 -l — — 70

0 1 1 1 1 1 1 1 1 1 1 1 1 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65

Time (d)

W47 FRethssh A EREMRAN 2 EPS v & S mapk R #1
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422 ERHEHF BHTRSLZFPRT

Bl 4-8 5 F By B XEMRNEFF %1 2 DGGE Bl 4 9
R R ERFF S 3918250 2 R F kA L A~N £
FRFNRAEE R AEFA Y TSR A o

o B 4-8 fe & iEr A T Ao RO W R R E A 2 R A
&_Betaproteobacteria ~ environmental samples ¥ Bacteroidetes °

Betaproteobacteria #_ proteobacteria wmFI £ ¢ - L > d 168
rDNA 7 7| % 77 proteobacteria £_d % ¢ £ & it @ k> LR 5 ¥
BB EARE UG M mES AL R ks T 4 o H
" Betaproteobacteria = #% 4~ E_ > it § g}k ) - Bacteroidetes 7]
£_CFB group‘&n— %4 > CEB group <_d Cytophaga - Flavobacteria
2 Bacteroidetes & 37 ‘m 7 ¥ 22 Ao Bacteroidetes. v B ¥ £ fF L 1AL
i > CFB group dmp ~ % ¥ & fE2L2 A E < &~ F o

"LEFRR R IR T 10 X 2 FAER G 41T 0 2
¢ DGGE 1= % & RIAv TRBETH F & 7k & g5 71048 i F
RS E TR R ]
% 4v % Zoogloea ‘oryzaew i 7 3R 748 B (Aguabacterium sp.)£ J

mﬁ%ﬁA‘EEG’ d TR %

(Uncultured bacterium)d — "B &~en® JER brig 4 - 2 ¢ Aquabacterium
sp. A F W I A Rfeok g A P B R DB - o

PFREHETE I8 A AR ALF AR ¢ 2 Bk IESY
2t B REFRFABRA L G L HAEE kR IR R o
s b e enfE R o F L (Rhodobacter gluconicum)is ik 4t > #% 7
778 F (Flexibacteraceae bacterium) 4 H (Candidatus nitrotoga)
o His A ARG ERS S A RZE A DREKA -

Rhodobacter gluconicum &_Alphaproteobacteria ¥ - fé > 1 &
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MR A% 3 7 Eik & & e Alphaproteobacteria 7 &_proteobacteria
¢ - X » ¥ Alphaproteobacteria %_proteobacteria ¥ #& 7 FiriE i3
e

Bl 4-9 5 F Bt o i A EREREN TR % 2 DGGE Bl ~
BACF R TP S 351637251 87 65 X i B ehi A 0 Sl
A~P LT RF NP8 2 A4 B Y ¥ @B s ok o

d Bl 4-9f b s BY v F i v AR REBN 2 AR
~ R~ §_Betaproteobacteria ~ Bacteroidetes ¥ environmental samples °
¥oob R Btk TS 51 & 33k Chlamydia 427 Chlamydia 711 3
VIR 4T 3% FRARRL G M 2 AR E i A
MIem % o

Bh otk R ¥ R OEAR TS RAT - A R il S S
% ;= 1 jp| chenvitonmental samples 7= # 2z | * & & 4 gk TP E

oty ? o e BB AR i A § ok

Fa it o

2> d Bl E@aF 48 L (Zoogloea sp.)# i EEEPE T h% it E R
b 4e 0 @ ¥R BE st Y bk RAERE S 0 ¥ F A B
(Uncultured bacterium)£2 "O-(Zoogloea Sp.)&= )k & # & - fe fr§ g ¥ P
Bengit— 3 a2 F By o m ar REFSH ERERF Dy
7 A J (Uncultured bacterium) &2 K (Uncultured Bacteroidetes
bacterium) °

R 4-8 82 4-9 @ F Ot B R A SN 0 BT R EA
Hr 55t 45 it ¥ ¢ Zoogloea oryzae » B g ¥ P Y
FRA AL G2 L £0F B OFARL 2 § Flita 43 i
o

38



R (820 B 7082 NCBL B 7| TR R 70 4 24 d 3 4p 2 %
A AR A AR 2w I B T U RS WAL A 4o B 4-10

B A0l AW 5K )@;ﬂ-“ ol R 2 ﬁ”‘g ]31’-‘]’3‘31 "“f# ‘i/’a\’}fr °
o 1977 1185 m

— ——» A

—
X B

)
O C
l D
) E
< F
« G
4 0
ol I
a0 J
; K
= ™ L
g M
A N

B 4-8 F il s R E AN PR % 2 DGGE B3
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Y

i

(1

Denature gradient (30 ~ 60 %)

Bl 4-9 Rt ¥ 1t % DGGE B3

f1* Dice, (1945)# 23 Y erjp R » Dice index

2] . , 7> - — £
1CS=h He jAAHAAIBAE PR T ED adt AR A

AT ED S DEAFHRABDORFED CsF A 0~12F 0442
B A3 AN TR PR EREAN LR R L Cs T8 F i
TR ERKEBHEFT R 2 CsiE o

d 2427 dvo F R A T R ER AR = 240k > Cs
A 1 FEEDF Csig 3 085 pF R L %M endp R 5 B R AP
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fry (bopare el 2000 o o R (TD)H 18 X 0 EHF oip 02 R SRR T
032> 27 FAp B~ g% - L& P ivL % 50 X HCsid 5 1>
AR ABE 2P -

243 L F R T AR EBREET L2 Cs 0 74 Cs
@A 071~081 2 F o7 F e £% FAirs BEF BE A
R o

F1%* Cs ikt 8 F ot * PCR-DGGE 45 X 3 #7 1% 4 ehjic 2 47 %
el T ?ﬁ wAp B 7 3 > Lapara et al., (2000)% 3 F &1 2 Cs
i@ 4 %+ 0.10 ~ 0.93 ; Konopka et al., (1999)#1#~ 7 45 1 & et 2 Cs i@
A% 0~0.10 o

42 F g A SN AR 2t Cs i@

3 days 9 days 18 days
3 days
9 days 1
18 days 0.32 0.32
50 days 0.32 0.32 1
243 FRWTRAFREBNLIHETRML Csif
3 days 16 days 37 days 51 days
3 days
16 days 0.81
37 days 0.74 0.71
51 days 0.81 0.79 0.79
65 days 0.74 0.71 0.71 0.71
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Aquabactenum sp. (AF089857)

Acidovorax sp. (AJ457191)

Uncultured Sphingobacteria bacterium (EF438202)
Bacteroides acidofaciens (AB021164)

&1 F.ferrugineum (M62798)

Cupriavidus sp. (EU363682)

28 Alysiella crassa (AB087264)

g2r—F
i Flexibacteraceae bacterium (EU057829)
/
E: Uncultured bactenum (EF127788)

17 E

B0

16

| oo

| M2

[

H

Candidatus Nitrotoga (DQ839562)

Gallionella ferruginea subsp. (DQ386262)

G

Zoogloea oryzae (AB201044)

Uncultured Rhodocyclaceae bacterium (AY689091)
D

——— Sneathiella chinensis (DQ219355)

L

o
n

[ ]

’_I_

21
15

27

46

_Jﬁ

23

23 [ Blastochloris sulfoviridis (EF654663)
29

Rhodobacter gluconicum (DQ363135)
Bdellovibrio sp. (AY094128)

Cystobacter armeniaca (DQ768107)
Desulfuromonas alk aliphilus (DQ309326)

)

— N
Uncultured bacterium (DQ322193)
M

43

a5
45

501 Uncultured bacterium (AY754855)
—— Planctomyces sp. (X81953)

Acidilobus sp. (AY350585)
—

0.05

Bl 4-10 & futh o 4% R E M1 2 FHE S LG A
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— Uncultured bactenum (EU491294)
12

J
G
2k
14| Uncultured Bacteroidetes bacterium (DQ365987)

Uncultured bacterium (DQ510105.1)
57 | Flexibacteraceae bactenum (EU057829.1)
911 H
10 Emticicia sp. (EU693934)
Flavobacterium sp. (AM888191.1)
BBl F

E

Uncultured bactenum (EF443916)
Cupriavidus sp. (EU363682)
Alysiella crassa (AB087264)

ﬂ
bl

37

53

% Hydrogenophilus denitrificans (AY820184)
241 Dechloromonas sp. (DQ413167.1)

LM

44| O

10 L

28 | - Zoogloea sp. (DQ413148.1)
28 L Gallionella ferruginea subsp. (DQ386262)
37 Opitutus terrae (AJ229235.1)
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Sequence
PCR-DGGE length Phylogenetic relationship
band
(bases)
Most closely related sequence GenBa.nk Bacterial division Identity (%)
accession‘number

10s-A 165 Zoogloea oryzae AB201044 Betaproteobacteria 96
10s-B 167 Aquabacterium.sp: AF089857 Betaproteobacteria 94
10s-C Sequencing ufisuccessful

10s-D 157 Unculttured Bigoocydaceae AY689091 Betaproteobacteria 85

bacterium

10s-E 167 Zoogloea oryzae AB201044 Betaproteobacteria 92
10s-F 159 Flexibacteraceae bacterium EU057829 Bacteroidetes 89
10s-G 159 Zoogloea oryzae AB201044 Betaproteobacteria 97
10s-H 161 Candidatus'nitrotoga DQ839562 Betaproteobacteria 92
10s-1 161 Uncultured bacterium EF127788 environmental samples 92
10s-J 141 Uncultured bacterium DQ322193 environmental samples 88
10s-K 139 Uncultured bacterium AY754855 environmental samples 91
10s-L 132 Rhodobacter gluconicum DQ363135 Alphaproteobacteria 90
10s-M 154 Uncultured bacterium AY754855 environmental samples 89
10s-N 153 Uncultured bacterium AY754855 environmental samples 90




4B & il SRT 5 10 27 60 < 2 fics # A 5]+ 471 &

PCR-DGGE Sequence
band length
(bases)

Phylogenetic relationship

Most closely related sequence L a.nk Bacterial division Identity (%)
accessiofl aumber

10.60-A 157 Uncultured bacterium EU239337 environmental samples 100
10.60-B 181 Uncultured bacterium EF061582 environmental samples 96
10.60-C 132 Uncultured bacterium DQ105640 environmental samples 95
10.60-D 169 Uncultured Chlamydia sp. DQ903996 Chlamydia 92
10.60-E 158 Uncultured:bacterium EF443916 environmental samples 95
10.60-F 157 Flavobacterium 'sp. AMSE88191 Bacteroidetes 98
10.60-G 174 Uncultured bacterium DQ510105 environmental samples 93
10.60-H 172 Flexibacteraceae bacterium EU057829 Bacteroidetes 90
10.60-1 181 Zoogloea oryzae AB201044 Betaproteobacteria 95
10.60-J 142 Uncultured bacterium EU491294 environmental samples 90
10.60-K 177 Uncultured Bt joigigetes DQ365987 Bacteroidetes 95

bacterium
10.60-L 177 Zoogloea sp. DQ413148 Betaproteobacteria 94
10.60-M 172 Dechloromonas sp. DQ413167 Betaproteobacteria 96
10.60-N 162 Unidentified bacterium EF605933 environmental samples 89
10.60-O 159 Zoogloea sp. DQ413148 Betaproteobacteria 89

10.60-P

Sequencing unsuccessful
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8- C R SRT 5 30 % 2 ficd 4 A 51 51 4

Sequence
PCR-DGGE length Phylogenetic relationship
band

(bases)

Most closely related sequence GenBa%nk Bacterial division Identity (%)
accession number

30-A 157 Zoogloea oryzae AB201044 Betaproteobacteria 95
30-B 167 Aquabactenium sp. AF089857 Betaproteobacteria 93
30-C 141 Bdellovibrio sp. AY?294216 Deltaproteobacteria 95
30-D 159 Flexibacteraceae bacterium EU057829 Bacteroidetes 89
30-E 158 Zoogloeasoryzae AB201044.1 Betaproteobacteria 91
30-F 159 Zoogloea‘oryzae AB201044 Betaproteobacteria 96
30-G 161 Candidatus-nitrotoga DQ839562 Betaproteobacteria 92
30-H 161 Unculturedibacterium EF127788 environmental samples 92
30-1 161 Uncultured alpha proteobacterium AJ416667 Alphaproteobacteria 88
30-J 141 Uncultured alpha proteobacterium EU272976 Alphaproteobacteria 91

30-K 132 Rhodobacter gluconicum DQ363135 Alphaproteobacteria 90
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WD R A B2 B 5 4
Sequence
PCR-DGGE . . .
¢ GG length Phylogenetic relationship
band
(bases)
nBank e :
Most closely related sequence = a%n Bacterial division Identity (%)
accession number

M-A 166 Uncultured Goiigobacteria EF438202 Bacteroidetes 93

bacterium
M-B 166 F.ferruginétm M62798 Bacteroidetes 94
M-C 164 Comamonadaceae bacterium EF103206 Betaproteobacteria 90
M-D 171 Bacterioverax sp. EF092443 Deltaproteobacteria 82
M-E 161 Flexibacter flexilis AJ871243 Bacteroidetes 82
M-F 164 Prosthecobacter vanneervenii AJO66883 Verrucomicrobia 93
M-G 164 Zoogloea oryzae AB201044 Betaproteobacteria 93
M-H 151 Uncultured bacterium AY250094 environmental samples 89
M-I 161 Uncultured alpha proteobacterium AJ416667 Alphaproteobacteria 88
M-J 180 Uncultured bacterium EU135183 environmental samples 80
M-K 165 Uncultured Flexibacteridtal DQ507162 Bacteroidetes 89

bacterium
M-L Sequencing unsuccessful



