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Efficiency of Denitrifying Phosphorus Removal and
Population Dynamics of Candidatus Accumulibacter in MUCT
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Abstract: In this study, Modified University of Cape Town (MUCT) process was used to treat domestic
sewage with low p (C)/p (N) ratio, and the relationship between population dynamics of dominant
Candidatus Accumulibacter and efficiency of denitrifying phosphorus removal under nitration and
nitrification was studied. Flow cytometry based quantification showed that Accumulibacter accounting for
22.1% of total bacteria were dominant phosphate accumulating organisms ( PAOs) in system under
nitrification. qPCR based estimation indicated that dominant species 1IC, IIC ( ppkl excluding OTU NS
D3) and IIF grew fast and accounted for 11.53% , 34.31% and 17.97% of Accumulibacter,
respectively, while their ability using nitrite to achieve denitrifying phosphorus removal were stronger than
that of other clades and were important for nitrite removal in system. As the most important clade in N
and P removal in system, 1ID was always dominant along entire operation, which accounted for 80% of
Accumulibacter under nitrification, but not as competitive as other Type II clades under nitration.
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A BRSBTS K Y i e R R S 2
KB E TR FZ R B, Heos ok
AT B BRI ] A 205 25 B3R 8 1 R 1 fige 2 g ] L
SR Ak A= W) BR % 1.2 (enhanced biological phosphorus
removal , EBPR ) H1 - H 28 U 5 80 PR OR AT 435 252 119 4F
ROBE T Z N TRk 1. SRR H AT Ik,
XANZETE AL AL BT AT IR 2 s B LA 15000 A
R BRSO G AL R LR D, A7 A0 X B
IRE AW 45 i 20 RN AR AT IR ABIFSE,
TS KAL B T 2R IR S Ros T i BRI R . 1E
EBPR w55 85 (14 25 [ 553 AH SCIBC A0 T 2R W ol e
Rz h RO (' polyphosphate  accumulating
organisms, PAOs) . X SEfA: Y Re s K K b g 28
P18 B8 TR 6 £k 7 A i P 22 SRl TR £ JORY., (] IS 5 Al
FI B AR BT P 5 00 4% Bl i o i RV Y
753, B B Ol 1) SR B A, AT 32K 3 I
RCR.

BRI R, 7875 K b B R G2 b WA
TEEA PAOs 1 A2 BERE PR T BAT AR W) B W ) g
f9 At T B, FE W0 Microlunatus phosphovorus'™

[45] [6]

Actinobacteria Purple  nonsulfur  bacteria

Tetrasphaeram & HE B R R, LI R E
BUASEIE J2 A 7= AR (Y EBPR R 40P, B T Beta-
proteobacteria H1 ) Rhodocyclus Group #BJ& fi 3 T 1l

Ao o A Yy, ¥ fit %4 N “ Candidatus
Accumulibacter phosphatis”"*'' . B 7 Sk R 1#,

Candidatus Accumulibacter £ 7% Type 1 Fll Type 11 P

PR Hor Type [ B4 5 4032, Type 11 541 9
A3 3 14 A KB BT Candidatus
Accumulibacter [ TR HE 4544 S o S 8 828 052
M 5 S 75 7K A T 20 0 B U BR R SCR | IR R K
Hy 3CE 2N RT3 175 7K Ak B Ul 1 ] B
I HAF R IRA B — R TA

A5 B ER VT A A AL, DLk
FRSZRR AR 35 15 K B MUCT 125w S Al A I8 i 2 o
S5k# R E Candidatus Accumulibacter fi% 15 #f 2
LA 22 0] BOAHEL IR ZR A O BRI A SRR TS K
PR B AT S A B Bl 15 75 K A B
| LA m AR e B 1T

1 #RFFE

1.1 RREE5IET

AHIGE TR 1 1 S %k # o MUCT T.25, )
N b B AN 1 Pz, AN RO RSO XA 5T
RS2 R, B4 5T A LB 3. v S XA AL
AN 73,92 L, 38 3k i Ik 1 07 2, 45 SO XA 7K 3
AT — B XN U0 AT ROUARF R 24 L, R ]
KR K Tr AT HEK. RO X E LS 5
GRS E NIREIX 5 2 3 M8 i
X505 4 5 M E NIFAIX. 45 O IX AR FR L 24
H Vi Vigsn® Vigso? Vigao = 11 11313,
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U 270 L. #E7K B4 DX [0 Al Ak T el 38 s
1R F G sh A sl LR PR A A =
WITEZKIR A 45, AR AR 38 2 i & AR A4
DX 2 A Tl A I B O IR AR R AR (25 £ 2) €L B
AR DX R i TR R SR I i i ] 8
i DO F1 pH ME L (WTW 3410) I 2 7K H i) DO Fi
pH. SR 2 E 7K 1 56 Hh % sl 2 45 i J8 ARSI, —
YUh 1375 e UE A B — X RT3 oA R, A i 4
DX B4 SRS AR A FH SHe sl A B3 7 1 v 3 A B S S RN I
B AR, B AR DR AR DX Rl Py 52 T 5 R — IXC [l 22
PR, I3 LR R, 5 S DX ARV I 28 4 4 —
X, R R Ry, RN ARV R EAS AL 2% NAR =

NO, -N
p(NOpj\]) ':P(;IO—N) ’:EEEP P(NOJ-N)%?&@%%

VerKIR-E W A R 8 1 BT R (mg/L) ,p
(NO; -N) iy S I it e 7K 1R 5 0 ¥ V8L v i TR 6 114 Tt
HRIE (mg/L) . T8 AR A2 2Ok SRAE S A5 I
TSR AR AR SR 3T/ 0N, DT 418 H ) - B S o i ol
AEFIBE AR

ARG MUCT #3217 5080k A T 50 4% I8
FIBFTE 20 K E L 270 K952 5 A, Sk 250
K. M8 RN AS 6 3 AT S8, B R R 3R o3
5 AW B, LASE I A AR A Ak ) S AR A AL Y B A
FFRFE G — B BOW B A [ AR S T R R
fif 1 bR B & R 5 R uE Candidatus
Accumulibacter FRFSI A Z [ A B IR, Hikis
o7 1.

*£1 MUCTIETSH#

Table 1 Experimental scheme of MUCT process treating domestic wastewater

— — ww | W Wm
e ’H‘ﬂ(_ Lt/ 7@, FR mmw omwe e DO)/ i
(Leb™) WA P o (mel) d
| (/5;‘/% 20 R—4 61 x) 6.16 12 100 100 200 2 30+£5
I (/;ﬁ 62 R—45 104 3&) 6. 16 12 100 100 250 2 30+£5
M (55105 K—4 151 F) 6.16 12 80 100 300 2 30 £5
IV (58152 K—% 206 K) 7.39 10 100 100 300 2 30 +5
V (%207 X—55270 K) 7.39 10 100 100 250 2 30 +5

1.2 SRIG kIR
TR K A AU Tolk 2 R FK g etk 2 i)
HETETE K, B T LAY B IR RR S e T AR 1 TS K, Bk
KSR ULFE 2.
F2 kKR

Table 2 Characteristics of the raw wastewater

ez 5 Fiinse| T H
p(COD)/(mg-L™") 48.55 ~310.60  179.58
p(NH;-N)/(mg-L™")  31.50 ~94.72 67.04
p(NO; -N)/(mg-L™") 0~0.10 0. 005
p(NO; -N)/(mg-L™") 0.06 ~0. 15 0.11
p(TN)/(mg-L™") 31.56 ~94. 87 71.22
p(PO;"-P)/(mg-L™")  1.42~13.60 6.29
p(C)/p(N) 0.86 ~3.38 2.68
pH 7.13~7.42 7.26

FHRECH TAb i /N 15 KRBT A0 T

2Pt RS e, JE T A iy AR AT Y
158, I EBRBERCR R4
1.3 SHhilERE
131 HRUK B

RIGKFESELE 0. 45 pm PSRRI U8, K FE
COD PO}~ -P MLSS \MLVSS &5 hriE 7 4T 70 M7
Fr ™ DO Al pH i F WTW ( Multi 3410, WTW,
Germany ) 7E & K5
1.3.2  Jaldnff

HB I 2 B PR R i, VKK T BB S 6 min, 9 75 5 i
5 40% AN E R 250 1 x 10°/mL. B0 KB B
HW, KA 50% . 80% ,99% 1Y 2. W5 4% i 7K
3min. ¥ 5" ¥ F A CyS PRic HIHRER PAO462  PAO65]
F1 PAO846 ( PAO846: PAO651: PAO462 {AFH Ity 1:
1: 1) 1 T“Ca. Accumulibacter phosphatis” 223z .
HAE G M A 35% W EERE 0. 9 mol/L NaCl, 20
mmol/L Tris-HCI, 0. 01% SDS. ¥ B /K 5 40 it 7 &
FHE AL P P 1 min, 46 °CH LR 7746
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HIZ 38140 min. 250 2Bk FIEW, A PBS 15 UEAR
AN 2 YR, BRI 1 mL PBS ke, i B M
1 min, 28 10 um JERELLIE. JA 10 wL 100 x SYBR
GREEN 1 % i T X%f4:F& DNA Z4{4 15 min.
FISH/SYBR Green I XU #r ic Ab B J5 14 410 i,
Z R AL (BD Accuri™ C6) #E47 L HLAE I 43
Mr, _EHURE SR 43 M T 10 000 x i B, (454 41
MO E R 1 x 10° ~ 1 x 10°/mL; ¥ = 84 fd
FlowJo V10 %P8 1] 1 53 A 48 bl 240 .
1.3.3  DNA M$EEL K S22 E 1 PCR

ffi | Fast DNA SPIN kits for soil ( Bio 101,

Vista, CA, USA) st & & WUk 15 S s 5 0
AT AL 4 DNA . SEE B PCR T 5E 2218
16s TRNA R #iHE 16s tRNA DA M Accumulibacter 4%
S AR IA A 1B (1IC  1IC ( ppkl excluding OTU
NS D3) 1D IIF. 4¢3 PE5 | H FAH G qPCR F2 7 1
%3 Pz~ ffiH] TaKaRa SYBR Premix Ex Taq kit i
e IRARZR BIER R25 wl, 43 12. 5 pl. SYBR
Premix Ex Taq buffer (2-fold), 1 wL 1E [7] 51 %) ( 10
mM), 1 uL K54 (10 mM), 0.5 pL ROX
Reference Dye II (50-fold) ,2 wL DNA JFURiA R AT 8
pL JCEEIK.

&3 PCR Y EREFRFRESIY
Table 3 Specific primer sequences and programs of qPCR in this study

2.1 RM#FIEITIKR

TN ARIa AT AR PG S E R RS O, 43 Ak 5
BB Hop 55 T I 0,V BB T e am etk
B FH WA R REE. 51 BOE AN HEA A E,
J& TR A, 55 10 By B A Al o i ok
FEAT LTt 8 T A R Ak 1) Ji R i T 2 A8 1) 2ok 38 i
Bt EIVHBSE NAR =75. 09% , HoJg T AEms ik
FRAEACKY B, 55V B BOZ R IV B B AR A Ak 1) 4

Sp R B 2%
514 341 AirdER PRy i
K /bp ’ Sk
1055F ATGGCTGTCGTCAGCT 95 °C 10 min; 45 cycles of 30 s of 95 °C,
Bacterial 16S rRNA 323 [16]
1392R ACGGGCGGTGTGTAC 60sat50°C,20sat72 C
518f CCAGCAGCCGCGGTAAT 95 °C 3 min; 35 cycles of 30 s of 94 °C,
Acc 165 rRNA genes 351 [17]
PAO-846r GTTAGCTACGGCACTAAAAGG 455at60 °C, 30sat72 C
Acc-ppkl-763f GACGAAGAAGCGGTCAAG 95 °C 3 min; 45 cycles of 30 s of 94 °C,
Acc-TA 408 [17]
Acc-ppk1-1170r AACGGTCATCTTGATGGC 45sat61 °C,30sat72 C
Acc-ppk1-893f AGTTCAATCTCACCGAGAGC 95 °C 3 min; 45 cycles of 30 s of 94 °C,
Ace-TIA 105 [17]
Acc-ppk1-997r GGAACTTCAGGTCGTTGC 455 at61 C, 305 at 72 °C
Acc-ppk1-870f GATGACCCAGTTCCTGCTCG AeedlB 3 95 °C 3 min; 45 cycles of 30 s of 94 C (7]
cc-
Acc-ppk1-1002r CGGCACGAACTTCAGATCG 455 at 61 °C,30sat72 C
Acc-ppkl1-254f TCACCACCGACGGCAAGAC 95 °C 3 min; 45 cycles of 30 s of 94 °C,
Ace-IIC 207 [17]
Acc-ppk1460r CCGGCATGACTTCGCGGAAG 455 at66 C, 30sat 72 °C
Acc-ppk1-1123f GAACAGTCCGCCAACGACC  Ace-TIC (ppkl excluding 254 95 °C 3 min; 45 cycles of 30 s of 94 C, (7]
Acc-ppk1-1376r ACGATCATCAGCATCTTGGC OTU NS D3) 455at63C,30sat72 C
Acc-ppkl -375f GGGTATCCGTTTCCTCAAGCG AcedID 148 95 °C 3 min; 45 cycles of 30 s of 94 C (7]
ce-
Acc-ppkl -522R GAGGCTCTTGTTGAGTACACGC 45sat63°C,30sat72 C
Acc-ppk1-355f CGAACTCGGCGAAAGCGAGTA 95 °C 3 min; 35 cycles of 30 s of 94 °C,
Ace-1IF 246 (18]
Acc-ppk1-600R ATCGCCTCCGAGCAACTGTTC 455at70°C, 30s at 72 °C
s FRAA AL | A AR 22 3 A AR, 4 S — IX A
2 ZR5iHE

RUT U AT B . WA AR R L Bk an ] 4
i,

55 1 BB, ki N 6. 16 L/h, /K J1{5 RE i)
HRT } 12 h, % f#4E DO FE W HI7E 2 mg/L 42
A 4 Fos iR X R LR A il A 38 5
IR N 22. 14 mg/L, 54 B g T 3L 76 (1Y 4 T2
LA BR B, i K & 89 NH,-N 34 5t 2 ik
JE2 71 mg/L, COD - 34 Jit i ¥k i 24 200 mg/L 2
LB TR B p(C)/p (N) WA AR 15 7K. MK
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2 [ AE W EREE T s it R v, IR AR X A R
e EHAT EFRIRE X R UL AR T B A% 1
B AT ) T TR T I P, LA AR X K
WEFEAS R A5 25 B, R e i RO AL BR i R R
I B2 58 T B BE NH, -N Z2BRFLAFFAE 95% LA
I, 7K NH) -N 7E5 mg/L DL R, 2B50EE. B
I KA P 1] 3 LR K 250% , 2Ry 4 Y S Bk
FI4EE BRI TRDE DN | SR XA SR 7K P 57 B st (] 4 0.
AR IE K NH,-N 55 VR B R 25 B s R AR A o Dk
Bl fHER NH, -N ZSBRESCR BT, R4 IX 1) R i
SRS TR S, LA IZE BUR TR
FERY B, I HA T WA R 2, HAS R B %
TR NAR A TR . el DA 1, Zad—
BEW ] (3247, MUCT S 25 75 1 7K 67 7o I 2l b A
KAPIEOL , R XK SR B DR 5 58 U 1 o L o
R, HILu o fr oo 58 1 i A0 . BB it —
A KA W 13 L SR 300% , [R] s 35 8 [8] 37 3
h 80% , TEIX I Bg A TR I P, #E 7K NH, -N BTtk
JEMRIH F A3 8, o T RS ARV I 300 L i 3 el e
AR P B A T A A T] Aot ol A5 DR 4G DX 1) 3 i A A
T dEM R T AR, K 4 iR, TR B
T REB et T 42 A8 52 T, 8 75 g 4 DX 20 0 o A 2
ZHITHE. TEIRSER s T R 2R G0 T N i
Pz AT, A R0 et R 8 SR AR AU, STV i o e
G202 Tt NAR 328t Rl 2 T i, BN 2 4 R
TR Bt 1 SRR AL B B ik U8, H R G AR TH AR5 55 5%
1) S i AL BB RCR.

—— K ——HK R
1 T, I TV \
100 —Fe > e = 1.0
oof [ W 1f %t
o 80F g I | 10.8
=700 ik .
£ 60t 0.6 <
= 5ol ] 4
Tl | —04%
% 30t
< 20} 102
10} i M wv’&
0 %Pl A ol %&M I L 0
250 50 100 150 200 250 300

t/d

%12 MUCT # NH, -N =[x
Fig.2 NH, -N removal in MUCT process

MrBEIV , KN 7. 39 L/h, 47 E X Y
BINAR K2 T 75% , R ek AT J B0 Ak = Al
A BRBRRAS. 4 FiR 7255 152 K—2 206
I, i A A DY P B, 2 R S A BA A

——#K = REKX —— AKX —— K
Lo 1v v

40|<
35t
30}
25t
20}
15p |
10F Y]

PR E/(mg - L)

‘ ’.‘L VY Xf; ° L) |
150 200 250 300
t/d

A

o 50 100

K3 MUCT ' P LB L
Fig.3  Phosphorus removal in MUCT process

T AR B, A g AR X B R B A T 2 AR R
FWAE. M3 Hal DUE H DR 4R 0 RO T
R (RIS TR, TR LW R 25.0
me/ L, G2 AR X 1) A AR SR A S, 8 0 TR
BEREZISE-1Y 10. 0 mg/L LAR , 4K i 48 4 580 X W s A
JERERE R 3.7 me/L 2247, FEJERERY B, ik
F A WA 2150 S 2R B A TR = T 1
TATRACR , %o B A 1) B R B e R 21 T kIR 78
B B IV A, W AR R TR, PRARUIX A il L
Wi Tl R G0 R R A A A ) RN AL & AR R
A B AR F AR B A K SR, RERSCEAR
FE. FEBYEE V R 1F LR 250% . S A Y 52
BRK 45 B8 B ) a2 | B8 e il AU B R A R TR
JOf 25 ] G R (R G AR

——NO;-N ——NO;-N ——NAR
70k 1 U | 1) 1V \

Y

T B o Sogoasm 1.0
7 60 /
E‘D
% 50k 0.8
Z [ ‘
&40 : & 10.6 &
‘ f 7 =
= -
330 TR B ] 047
= 20+ LIV T . [ e

0 50 100 150 200 250 200

t/d
&4 4FEIX NO; -N FINO, -N HFvk B LUK AR 2R
Fig.4 Variations of NO; -N,NO, -N concentrations and

nitrite Accumulation rates in the aerobic zone

2.2 PCR 5R= 43 MUCT R RBEE K E
R HT

T (flow cytometry ) BY XE 12 45 R 4Nl 5

Js. XTEUH MUCT [N gz 4745 120 K, B2 I
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B B ARSI T 1975 Ve e R A T 3 Wi T 110
37, it FISH %28 M SYBR GREEN T 3 %)%
Wy BE5 IR EEAR A TARIC , I F 37 2 A SO ek A 7
FE TR A3 HT. A X AR S R R,
A 0 3 20 40 g AL BD Aceuri™ C6 , H e B 11
20 mW 488 nm ¥ (4064 T % SYBR GREEN I
RNYRl. SYBR GREEN I J2&—Fp AN K FR AL &K Y
B, HER KB IKN A, =497 nm, fie K& S K
M A =520 nm, F T4 AUEE DNA @9, DLIX
HFEEMEE. B/h—H 14.7 mW 640 nm 143
e H TR IRET EARC ) CyS. CyS Bk & il
KA A, =647 nm, e R AN A, =662 nm,
T HARE “ Ca. Accumulibacter phosphatis” #5244
AR IC AR

105 Q1
777

104

3 L
10 04 03
0.2 0

10 10°

K5 e 4 PAOs

Fig.5 Quantitative analysis of PAOs by Flow cytometry

i e HURE 0 Ak Ax it 2 4L FITC. SYBR
GREEN LI K APC-A . Cy5, T4 BRI Q2 Xk i
RKUPH FE B R 22, 1% , BIAL F 2 FE AR S T /)
MUCT T2t PAOs (2B HLI R 22. 1% .

Bl 6 45t T S22 i qPCR 1Y T 45 2R
MR AT, MUCT 321755 120 KRB, 507 it 15 1
& A B Accumulibacter 4573 32 4 0% =F BE 43 5l R
6.68 x 10° cells/g (TA) \9.67 x 10° cells/g (IIA) |
5.14 x 10° cells/g (1IB) .5.28 x 10° cells/g (1IC) .
1.74 x 10° cells/g (1IC ( ppkl excluding OTU NS
D3)).2.07 x 10" cells/g (1ID) ,1.03 x 10° cells/g
(IIF). T1fif PAO 16S rRNA % Ul %04 5. 65 x 10"
copies/g, AT H NN, R E LM & 2
P ULAERGF T AR KA PAO 16S tRNA
(% DURCHT 58 0 40 BV B J5 R 2. 83 x 10 cells/g.
UEAh A 42 TR Y 35 B R 8. 28 x 10" copies/g, HH
TOCT R A 20 A 9 5 45 19 16S TRNA 1) 48 it

PP, A TR H BAT P S B A T ik 2%
B2 47 55 05 42 B B0 40 5 B2 430 Ol 2.3 x 10"
cells/g (3.6 copies/cell ) ™ Fil 2.02 x 10" cells/g
(4.1 copies/cell) " M H A5 2] PAOs 1Y 4 TH
i Ay 12.3% Fl 14.01%. JF e E 6 AT
LA Accumulibacter 4332 2 Al 5 #5 PAO 1 L 51
790. 1% , W Accumulibacter 42 2 [ 7% Fr A 2

HH R .
3.0r
B |
B B 11D
T 2.5r I [1C(ppk1 excluding
Z - OTU NS D3)
=T 200 m1IC
ES I 1B
£ 156 I 11A
<< - A
= it B PAOL6S
< 4 1.0
o™
=R st
0

&6 qPCR E1m Accumulibacter ZH 8 M 5 FUAR G
Fig. 6  Quantification of Acc clades by qPCR

FTF qPCR £FX%F MUCT SR 2% FH8 4746 120 K
JetEE mAr il , 2 PAOs 1938 & 43 Fr o He 4331
M 12.3% F 14. 01% M55 T Flow cytometry FEAR 1)
AN A I 25 SR A 22. 1% . i F iR = 4n oAU
W)y v R ARORE , o = B I 45 R &R T gPCR
MERER. —HWEBRSRIAE—ENER,H
AT 37 2 A A SRS P 85 SR P e DA R R R A
JE it 2 B AGH I 7 2 A SR BE W A2 X PAOs & 1Y
BOR. RS R ER I 78120 SR S AL BR B R 4
i1, Accumulibacter JEAL T 2 FEHILIRE T BILHE
WA,

2.3 MUCT LZiiRBEMRES Accumulibacter
BN ZoET U

ARERGEN BRI T HEA BT R ET 4 4B
BemgUe 4T 7 DNA 1942 BORT S I 28 S Az
LA BB 1 AT B A BURE R ] 5 578 RGekb T ¢
SR ETEMIEBY B, BRI AL 2% NAR b 0. By
B 1 A HURERT[R) 55 R G A T R B B, K 4
CINDE =3 AN e SRS NIRRT AE S SR TN
FAEALE AT BB XT SN 2 H A AR A TR A A R 46
435 RS ol L L0 52 i 25 2. qPCR 2 i 45 1
mE 7 pros. IEIHRTAL SR BT TS e 1A 4352
At e B EE T B BEff 4. 162 x 107 cells/g, 5
MA5:) Accumulibacter T A 43 32 BVFT) 0.29% |, It
J5 IA B FE— AT R AR H 5 AR E R A
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Ab T T RER R TR IR0 4 R, S
BRI DTSN 1A 73 SC R4 A BEA T NOS -N Y BE
73, BELL NO; -N A H 732 AR E AT W w17 NO; -N
D AR F T TA AAE 2 X SR B IE i B4
B—Em. 3 A B9 & & 5% Accumulibacter
A AN R N s T A S IV B s
B 5.59% , J& TR, (B AR A A R
IR T e R B B %) O 1) M, BRFESE T FNSE T BB, 4
ToE LB B, OB BT RRAR, 24 AL TR AR 5
Il DA RS A AL 0 26 IV B Bl e He RS A 7 (B
i TG AR T 6% , X 22 G5 1 o S ok ol A R S
AN BN EPERAE .

ST T Accumulibacter 1) 722 3% R 4H 24 01 5T
GERFW, 3 3 A BA WASPRIA I B L ] (E 2
FETERH R ER IR R EG S R . 1 0 32 1A B4 O J5 Al
FREEM DI RS . X — X 45 IR TR U M e 1
IIA 7T L JiE S0 A R R T AN R AR

[EIAESELT A 433, 55 —93 3 IB I FJE i 1
DL AR IS AR 5 A MR, o5 HeAA, BAEA T
TSAEAER IO T A I | e A ) i ek )
10780 9%, M2 T, 1C LK 1IC (ppkl excluding
OTU NS D3) B4 3 A2 A LR W i B8k e #4R
SRAN A 1IB 128 Ak a3 L. 7EA WA A 7E 1Y 2
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Fig.7 Variations of Acc clades along the reactor in MUCT process at different experimental stages
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