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. A RSN 2% (sequencing batch reactor, SBR) 55371458 W0k 15 U8 (aerobic granular sludge, AGS), 7ERLIAA &4 T
AGS WF IS, Ja 2e8h 9%, Wil e PR AL R g AGS. AL, SR ] Tllumina MiSeq PE300 & 3 I 3> R WF 58 T IS
TR Ak B UAE RIS S5 AR A 22 5, DIBIHRR A AT AGS TR AR #a a5 bah, I 52 i a2 5t 2 A il =X S i
( quantitative polymerase chain reaction, qPCR)¥#R%E T WIS I B0k 1k B2 oAb Y sl 8481k, 85138, FEWIRTS
WOk fb b AR, MOANE PSR B AR 2 ) A R 0 A AT T (ammonia oxidizing archaea, AOA) 755 — K15 JeSiki fhad
LI K AGS it R E RN, F AL 4T (ammonia oxidizing bacteria, AOB) BRTESE — KI5 Ve ok AL i3 T 2 BRI, (2
SETE AGS iR B LM — Em T AOA; HUEYHEE ZHEENTE AGS MJE sUMIREAI; ZEJE TR 1] ( Proteobacteria ) AHXT =F
BERH SN, A BE AN T 12.29% F1 5. 90% 5 FLe)E FASTE B TR @ HARXS E R W, HA | Candidatus Competibacter TE
WIS JE Uk AL o R AR = B R e B 2, I ELAE A AGS B BUAR S AGARNT E B, 3R 3 14.20% . B, MANEE
RSN Z A S A, nTRBGEHE T ISR MR ; AOA Il AOB MIREIL[RZ 5T AGS MY A MAENT; Ca. Competibacter 1)

NS}

EHT A R T AGS BB, ‘ad
KR G E RS  EREE IR ER AR Candidatus Competibacter ;| FEALTHAE: ¥ 3 -
FESES . X172; X703 XEAHRIRAD. A XEHS . 0250=3301(2018)05-2265-09 DOI. 1'0.13227/j.hjkx.201709289 =

1 i
Microbial Communlty Dynamlcs During Two Sludge Granulatlon Processes
GAO-Jing- feng ZHANG Li-fang' ZHANG 'Shu*]u , GAO Yong- qmg - WANG Shl—Jle , FAN Xlao—yan PAN.
Kai- hng s &8 J"'f r ; v e
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Abst:‘ﬂact Aerobig granular sludge ( AGS) was cultivated in-a sequénung batch reactor (SBR). In this btudy, AGS was broken during

the formation’ process and then mature AGS formed agains=The microbial community dynamics during two sludge granulation processes
were investigated using high-throughput sequencing to reveal the dominant bacteria beneficial to AGS formation. The abundance
dynamicé. of nitrifying microorganisms were analyzed by a quantitative polymerase chain reaction (qPCR). The results showed that the
amount of extracellular protein and polysaccharides increased during two sludge granulation processes. The abundance of ammonia
oxidizing archaea ( AOA) increased during the first AGS formation process and during the process of AGS maturation. The abundance
of ammonia oxidizing bacteria ( AOB) decreased during the first AGS formation process, while it maintained a higher abundance than
AOA during AGS cultivation. Microbial diversity decreased with AGS formation. The relative abundance of Proteobacteria increased by
12.29% and 5.90% during two sludge granulation processes, respectively. Candidatus Competibacter belonging to Proteobacteria was
enriched during two sludge granulation processes, accounting for 14.20% in mature AGS. Overall, extracellular protein and
polysaccharides may have contributed to the sludge granulation. Both AOA and AOB might have been involved in ammonia oxidation.
This study indicated that Ca. Competibacter might contribute to AGS formation.

Key words: aerobic granular sludge; high-throughput sequencing; microbial community; Candidatus Competibacter; nitrifying

microorganisms
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AWTEE P E G 73T Y BRI ST T
AGS FYZN B BEE FF1E. Chen 251 fE— AN L 5%
IR TES RGP HIR AGS, FI FHAE PR B2 5E
it B 9K ( denaturing gradient gel electrophoresis,
DGGE) 734t I AGS (AR RE s Fetk. 4R R0], 48
B 171 ( Proteobacteria) . FUFTH T ( Bacteroidetes ) Ml
JEEETH '] ( Firmicutes ) & AGS HJ EZ 1], Zhu
AR DGGE BFSE T AGS AT E R, 45
2% B-Z5JE 18 M ( B-Proteobacteria ) , Flavobacteriales
FI Planctomycetales +& AGS LA GAY). Gonzalez-
Gil %5 I FH g e )y F B, WF9T 1 A [ Bk T X
AGS AT REVE BORZ MR, S5 2R SRIT, ShIRAT R
(Zoogloea ) JENTRERIGEFE I AGS WIPLH g, L
LR LB 9 B9 AGS By I e B JE O R AR R R
(Thiothrix) . {H&, XEEALGE 1 7T A W2 HOR
TlA T | RS SR FR A, N RE 4T M S B AGS
AR MR i 2H A

ML TSR T YAoK, i e
AR K A0 e DA B A (R A I 4
K FH T 5815 7K A B 3R e i A ) 2R B

WO (AR ARE R T AR % AGS L

Sl AR U N S
AR5 T S f B AGS T bR T By
T OIS 45 SR, UEYIZREPREE AGS 1Y
SN AR BRI R | P

TUEFLRATE AGS 1Y i Fi o i B W 2 e g

FIREE AR 2R 5T UL 2R AGSHBIR,
V5 Ejif}rﬂﬂzﬁﬁ AL B M B J& ( Nitrosomonas ) 2 %4
FEfS L AGS h & AL AR ) E AR Wang
LU FH AR BRI P £ RBIFSE T C/N HEXT AGS 1Y
AP REE R, S5 R, C/N LB B &2 T
AGS WA Y. RS X SEAE 5 I v 38 1
HAREE T AGS M ERETE H L AGS B it
A AR . (HR, B R S
JPHARWE TR IR AGS T8 Jl et #2222 Ak
122 5.

AW A SBR 2 7w 55 9% AGS. 4230 d 1Y
IR LG R FURLAL, HAESE 60 d &4 T AGS
Wer S, Zat 15 d WREE, RN AR IR TG
Temikifk, IFH AGS &t Kigefa T . A#F5E 43
Brr Wkds e ok fe o B b AN R A& W

(extracellular polymeric substances, EPS) [ & & A%

k., I H Mumina MiSeq PE300 725 il & I 7 55 AR F
SEI R e 3R A B 5% 2 M (quantitative polymerase

chain reaction, qPCR) #F5¢ T PR ¥ e ki Ak 1o 72
TR 2 HEE R R Sh AR, R AR T AGS
TE R LR .

1 #MREFE

1.1 SEgeke & AuatT &4

SCES T SBR BAFUA 85 L, #5120 em, HAR
30 em, AREAERN 75 L, HKH 172, S22
F5 ek [ A6 T R K AL B R, BERN S
RA W15 e W 2 ((mixed liquor suspended solids,
MLSS) 245300 mg-L~'. SBR & KizfT 4 4 &1,
AN A FE K (10 min) | PREIFE (120 min) |
5%%(150 min) . {E/E(S ~15 min) . ﬁb}((S min )
PF'E (60 ~70 min) iX 6 MR Be. #KFT B, 43T
IR UL K TR AN TR BN B TR A i D5 ot SR S 2 SR
JRigs, B #E KR A 32 )R, COD | NH, N
NO; N. NO; -NAll TH #5534 v i 4¥ 5 43000 =
10.3) (50.0 5ded), (0.120.0), (T.240.2) 71
(7.8 +0.5) mgeL~". | PR B Bl ik AL BEF 5 4
FER AT, MU By 2 UR G LR A
JHE T i O 4 ~ 5 g E7 R
VAR5 5 VRO VG T A 5 A T 4.0
~30 d I, AEIGUREE N (25 £2)C. BiFRHE 30 ~ 60
d v, A R T RS, T IR (19
3)C. A EES 60 d B, 1) iz 7 2% ofoin AN A
B, REFRAE 60 ~ 110 d P9 TN 25 10 3 # hi 7E (25 =
2)C. ARFLEILEEF 110 d.
1.2 srbrrik

COD. NH;-N, NO, -N. NO;-N, TP Fl MLSS
SEH LA AR SR FH B ARy e . pH (B
H pH 11 (SenTix® 940-3, WTW, Germany ) 47l
S, DO FIF WTW Multi 3420 {# # 43 H7 (% ( FDO®
925, WTW, Germany) #E17 &. V5 U6 ¥ 25 Fl H
Olympus BX51/52 J:%% i i % ( BX51, OLYMPUS,
Tokyo, Japan) W5, {5 ek FH Microtrac S3500
Ok Y ( Microtrac Inc, USA)MIE. RAME T
WSS )7 B EPSI™ SR 2% T e i v
I %2 Bt #h 25 11 (extracellular protein, PN); R A&
Wy-m B2 kU M 2 M A £ B ( extracellular
polysaccharides, PS).
1.3 FESh IR

H AR AGS ZERG SRt B b e AL W R IR 42
JRGEE R, FUOE L AGS - H&F . ARSLgn it
SRS TR R AL R A T R IR TS T R
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fat A8 v A BT AR AR S ], HE 7R AGS TE K
MREE WAL, A S g Sk 8 MRS, AL4E . b
T . 5B—UIE M AGS (56 30 d KESL) . AGS B i1
K (545 dBEM) . AGS BERE (55 60 d BES) | 2 —
UIEIL AGS (55 75 d i) . AGS BT (4590 d
FEdh) . AGS kAR ik — 25 A8 K (565 100 d 54 ) AN
AGS BV (55 110 d Bl ). HERE RS R TG,
R T —20°C HI TR R4 DNA o4
1.4 DNA $2HURT llumina MiSeq 7 18 & %
FESAY DNA H 4 FastDNA®  SPIN kit DNA &
WG H) 2 ( Qiagen, CA, USA) $2Ht bR AL SR AT
£ H. R H Nanodrop-1000 ( Thermo Fisher Scientific,
USA ) I Hovfe BE AT . 4 HU) DNA R 5 1 56 7]
A ABI GeneAmp® 9700 PCR {X#E174 1. P 141X
BRI 16S tRNA V3-V4 X, T 5149 338F
(5'-ACTCCTACGGGAGGCAGCA- 3') #1 806R (5'-
GGACTACHVGGGTWTCTAAT-3"). ¥4 & -4 F .
95°C 3 min; 27 MEHALHE:95°C 30 s, 55°C 30 s Fll
72°C 45 s, FZ72°C HEAH 10 min. ¥ 85 Y2000,
VKB LA K FIH AxyPrepTM DNA Geél; Extraction Kit

(Axygen B10%01en,ce9) alifb )5, F%Jﬁi%iiw_

(L/@) @?ﬂ%‘vﬁﬁﬂ"? AT
Tlliming MlSeq PE300( [lumina, USA)& ¥

W A5 0 SR R 1 S 2 T IR IR %E’J
P, % I USEARCH 40 b e i %sz
F%‘ﬁ!’ 2 1%5LIEF1%UE’JT“§IJFH?FQ*%1‘E
F H Qu-antltatlve Insights Into Microbial Ec.ology
(QUME) 7 !FMﬁFﬁJﬁj\%’%M’E PHEHIT(OTUs ), HHL
JEVE N 97% . 13RI HARRIEF S F T Silva B8
JESATHYE ) ﬁﬁﬁ
1.5  AHACIED ) o BT

R T AP IS e R Ak i AR R AL B AR R
StIE), AR5 Stratagene Mx3005P Thermocycler
USA ) 43 5l % & S8 4k o T
AOA) M AL T8
(ammonia oxidizing bacteria, AOB) DA S IV fili fig £5 45
AL ( nitrite oxidizing bacteria, NOB) #E17xE &, IF
FH5 191535} GenAOAF (5'-ATAGAGCCTCAAGTAG
GAAAGTTCTA- 3") . GenAOAR (5'-CCAAGCGGCC
ATCCAGCTGTATGTCC-3") " | CTO189f [ %5142
i CTO189fA/B ( 5'-GGAGRAAAGCAGGGGATCG-
3') 5 CTO189fC ( 5'-GGAGGAAAGTAGGGGATCG-
3 LA 21 W Lk B E A L], CTO654r (5'-
CTAGCYTTGTAGTTTCAAACGC- 3")™' | Nsrl113F

\/Z_x
{)JT;.?. %

(Agilent Technologies,

(ammonia oxidizing archaea,

(5'-CCTGCTTTCAGTTGCTACCG- 3') Hl Nsrl264R
(5'-GTTTGCAGCGCTTTGTACCG-3") ). #rifi i £k
ST L AR B A H 3L R RS B, A
SRR Sh B 3 AT, IR B PR R (TR KAE
FRERR ). 20 pL VAR R ALHE 10 pl GoTaq®
qPCR Master Mix ( Promega, USA), 0.4 pL 1E )2 Ia]
1% (10 wmol-L™"), 7.2 pL JCHE/KF12 wL DNA
bR, FRMFRFEN 95°C 5 min, 35 MEFLHE 95°C
30 s, B30 s F172°C 45 s, 2 72°C #EH 7 min.
AOA F1 AOB LA F NOB iR Kk i B 43 %1 4 55°C |
57TCH65°C. RN HEROEST AN 90. 0% | 97. 6%
F102.0% . FHIXFRE(R®) 535129 0.999 , 0.998 LA
0. 996.

2 HFR5ITE

2.1 AGS E’J%Jﬁa;&%n%#%r
K11 530k AGS iﬁ%ﬁﬁqﬂiw ?EJ?@ (A
BAAELL K ERS SRk, A 1(3)%11 l(b)_f
ﬁ.L Fhie 2 30 d 359 P I AGS, SPi’}éh
328 wm. i*%’%i% 45 4 i, AGS Hifs s jt fEl,%
AGS 7 %ﬁﬁ in?%ﬁ;ﬁ 60, d i}, AGS B HEs ﬂﬁi’a
RN 1A i, E} BIRE 75 d B, AGS E{j\-
tHfJu #Efiﬁ%é 90 d i, AGS 5 FHE [l
1000 i, ACS HiFE k2 A R I Hts
%35@@ Hie 745 110 d I, AGS IS4 3 500
. 3 U R AR LA KR A5 A1 43 A 2 I 7E A SE
1%?% AGS i, ST PR TS e ok Ak i A
AGS FEREFR T 60 d B & AERERR LS, Wl g2
ZAIRFEAR AR, AGS B B IA R 52 1t 7K B
g3, A BLI ST AT K 3 85 U] ) SF AR 2 R Y
it R B A R AGS B R AR P i — A
HERE, i FRESEmW EPS 1AL AT 24
Yol A BARR R R Z B 58 & fE = (20 ~
25°C) #5597 AGS. AR FH AR (8°C) &M T 1
F& AGS, 426 d ¥ig%, JEARI AME AR, P
WRrhas g P ARG, 7E AGS Ki RIS 30
~60 d BF, A TIREEIRE AR, S 5 iR
(25 £2)CREME A (15 £3)°C, PRI IR B Y ol 248 m]
A2 I AGS v £ 2 iy It (A
TN, TR E R AR AR TR R Y K K
. AGS 32451 ~30 d, COD, NH, -N. TN FI TP
TEH KR BB B 4y (38.2 £8.0) | (0.5
0.3), (27.5+4.3)F1(3.1£1.0) mg-L™". AGS }§
F54530 ~60 d, NH, -N, TN 1 TP () 252 5 1



2268 AN 5%

Bt 2% 39 #

IsZ A, K Bk BE 4y R (15.4 £4.5)
(40.4 £7.3)f1(3.9 £0.7) mg-L™". AGS K555
60 ~110 d, NH, -N, TN il TP ()2 B GE 1% #i %
5. 1E AGS AW BE, NH, -N, TN Fl TP 7£ /K o
MR8 e FE 43 R (0.3 £0.2) . (12.4 +3.5) Fll
(0.8+0.2) mg-L~".

EPS 1E A AR (1) T 2241 R4y, v] LAJE it
MAPIEER. EPS 22 PN LI PS 4.t
1(c) ] W, Ay PN A1 PS & =43 3~ 17.10
mg-g ' F127.30 mg-g~'. 24 AGS WA AL FHUERT
FEEH 30 d), PN FI PS & it 43 A3 K & 47. 80
mg-g ' M174.51 mg-g~". {HJE2Y AGS BEHERT (5 45
~60 d), PNl PS & w30 /b. BE#E AGS HIFIK
JERL (%6 60 ~75 d), AGS |1y PN il PS & 2 14 i %
i, HHKE AGS KR AE R, PN Fl PS & &
FasE. g5REW, EWRIG PR LS REF, AGS
() PN F1 PS &t hn. PN AE b —FPE s+ R &
Y1, BFIF AGS TE NS5 FFa e >, PS 48 AGS
T 1ol ke 25 7 B . Mwﬁsm:;‘.fﬁ Fil

(a)

(a) 15
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