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Abstract This study*analyzes the microbial community and diversity composition of activated sludge in anoxic/oxic (A/0) treatment
systems/at different operation stages using Illumina MiSeq high-throughput sequencing to investigate the microbial community structure
and diversity in activated sludge for starch wastewater treatment. The experimental results showed that the microbial community
structure of activated sludge for starch production wastewater treatment in A/O systems was quite stable under the same wastewater
condition, and that the dominant bacteria of the activated sludge were Proteobacteria, Bacteroidetes, Chloroflexi, Firmicutes, and
Actinobacteria. The most important dominant bacterial group was Proteobacteria (45.66% -66.30% ), of which y-subclass bacteria
were the main member and occupied 36. 38% -66. 65% . The proportion of Sphingobacteria, the main member of the Bacteroidetes,
decreased when the sludge settling performance was better, but the proportion of Anaerolineae, the main member of Chloroflexi,
increased significantly when the sludge sedimentation performance was better. These changes may have been closely related to the
behavior of sludge settleability. There were a large number of functional bacteria in the activated sludge, which played an important role
in the degradation of pollutants and in nitrogen and/or phosphorus removal.

Key words : bacterial community structure ; biodiversity; activated sludge; high-throughput sequencing; waste water containing starch

WPV RGE RO A AT A TS R A K T sl 8 0 T % 2 725 1, B 7 5
AKARERT S FIRTEL 20 2 BT T4 s A SRR ey R 4T I, %4 52 B 05 7K 3
(WWTPs) Hyiris Ak Ab S Tl A BB 3 PEVHUR TP B BT 5 B 5 REPERE 70T 4 B
PV A A B M WS i g TIPS IR AR BB b T
IR ECTE B IOISEERR SRS TIA I,

HE 1 2B KA 3R B U AT R . B3 BB S0 5) B R SR e, R BB FR A
LAY AL R 5o 4 AR T R o

#3. 2019-05-16; 1&iTHHA: 2019-07-30

AR R A RN & = =L E&WH: EHEARFAHEATH (51578069 ) ; Jb st i & s & it
PR, AT RN, LN KRR, I ety
ANEEKA T R G TR E A e x>, 5 EE® A BB (1995 ~ ), & W H 0P984k, FEBWF5T 7 16 J9 KI5
BeyE il T , E-mail :954962316@ qq. com

gﬁﬁl‘ y Eﬂ’filﬁjgﬁﬁiﬂ( . ?ﬁﬁﬁ?ﬁc’ E@fﬁi%ﬁ%ﬁﬂ * WEEE , E-mail ; zjrtshua@ hotmail. com



322 7 B

B 41 %

BRAGEE S W Z R R vE 251 8. o i
YRR B R ey F SR k1 32k W R 10 B A 9T
T A W A T 2 R T 4 TR ) b 52 R A
k17 Mlumina MiSeq 38 30 5, 3400 T flc 2= B
TEAT R B FE ER I TR IS RRAIG T S 36 AR | i R
i, B2 M Fa s ™ wae |
Py A A AR S B M RE TR A3 AT, 4
SR TS U Y e R AT, R AR T TR I K
TG 5 U8 A RIF 5T, 8 AR B0 1. R R A
E’Jﬁﬁ?ﬁ%@@ﬁ'ﬂﬁ%%ﬂ&ﬁiﬁﬁ%%ﬂ’]%ﬁﬁ% 57
MR AN, XoF = B2 A AR 100 = B8 5 Wi R K 5 3 1 A 4
(B9 3R I LA %) 22 4R T T VR I I A DL 3 22 R T
R I R e B B 1Y Saprospiraceae F1 #E T B L 1
Flavobacteriales. [F1FEJ2: K A= 15 Je I Bk, AN [m] 19 376 14
Tgle i A E R AN R , B, X T
TEPEG Ve SRR K A %K?@%&fﬂ%éﬁ ’J/\*ﬁ
ST ).

RS VR IR S A 7 B K Ak B 1 3 A4
TSRS R K 4Ly A B =i H ik % A8 A
M EEA A/ 0L HE R G T S PR 45
Tiﬁ%i&: ﬁﬁﬂi&?ﬁ’i &F(W}E'Mli%} %”f’]
%ﬂgﬁﬁﬁrﬂ; 31?%71@ E’J&@%ﬁ‘kﬁ?’"ﬁrﬁj &
H Nlumina MlSeq o 3 I PR R X‘fﬁ?{%& K v
o&@%%ﬁ@m&%ﬁi%ﬁ&%%ﬁﬁmﬁM

A la}K:!let_FﬁﬁHﬁ LAY AR A E%Eéﬁﬂ’;{ﬁ i/ﬁ* 7

R S A SR .
1 RS

1.1 BEACREE

T PETS PR AR S A Al X 5 K AR B %
TR EORTE M AL 7= 2R, DR, e 2R K 4y
BAHWEZZ REIEKEKH A0 TR
P b B R G5 10 R BUARAE B RS 3B 17 A s AR T B Bt
FEEORPEATIHURE , 73 BIAE 2018 4E 7 A b 8 AJEAN
2019 4 1 A oGS 3 A4 ml DA S 1, 2 13
Fon, Hoh 8 A Byis e ik Re AT, 2018 4E 7 H
12019 4 1 HWRES TR ER 22 | B B Ve
TGIRIEAK NG, BURE J5 15 U e 24 h (N34 B L5 ==,
SRIG S R AT S8 5 Ao A ol i Ah B R A R
F -80°C VKAHIRAT-
1.2 SEEJrk
1.2.1 B350

K H El%ﬁ?&ﬁ%i&ﬁ?ﬂu%{ti%%i
(COD) ., V5iRME (MLSS) . E# (TP), &
(NH, -N) | 15J4850(SVI) | {5 Hfr (F/M) %ﬂ?%
TS (SRT) iz frZ% 0

1"]%‘[!{?3 P

1.2.2 HEWE

FEMZ B0 LB 1R R BAE 25% X T
[, T 4°C vKAAHCE 24 h JE KR AR B0h
50%. 70%. 85%. 95% 1 100% [T H i K . mﬁﬁll*
AT BT, TR SRR 2SR A,
A HL, R H T B (FE-SEM Hltachl
SUS010, HA) #1744,
1.2.3 kiR

T PR 15 8 B AR AR 43 A SR OGO JEE 3 BT A
(Malvin Mastersizer 3000 , 2% [ ) Ul & & B R 4543
AN R P A TR, SORL BE B /)N P B i A i A
D SEEGNFERE 1 ~5 mL.
1.2.4 DNA 25

EPEVS VR T RHUE YT DNA $2 18 OMEGA. U7

BT 77 5 A T S ..”-
1.2.5 PCR ¥ HIRNF -/

Simlar =1 %‘%*ﬁi%@?ﬂﬁﬁﬁﬁ’\ _JﬁiFﬁ
Illumina MiSeq i i &l . 73 16 rDNA*’E’J V3
V4 XK, 4w -PER 51 i JH 319, 238F
ACTCCTACGGGAGGG.AGCAG Fl 806R: GGAGTA
CHVGGGTWTCTAAT, T 29 B 1S B 5 IR Jil uéc
PCR 7=/ 5F|J JEE| AxyPrep DNA Gel Extractlon Klt
( Axygen BlOﬁClences, Unlon City, CA,USA) #ﬁi‘@%
ik, Tris-HQI Vet , 2% Tt A5 i H ok A . F1) H
QuantiFluor™-ST ( Promega, USA) HEA7H I 2 . AR
P& Nlumina MiSeq “F % ([llumina,San Diego, USA) #5
HEARAE L RDRE 2L IS 95 7 BO EE PE 27300 119
.
1.3 Aot

WL = FFH iSanger HEFTEE A9 43 By 4L FH.
Hlumina MiSeq 375 21 #9230 37 51 58 . B JeAR
P& PE reads Z [ overlap ¢ 2, B X} reads P&
(merge) il— 25751, [A) B X reads 5t & 1 merge %4
ST B o 8 AR AR P 8 B R W 0 Y barcode FI
W X 53R i AS BA ZOF 91 RE R 5]
RIS P A s

Bl 22 24 0 7575 - QAL U reads & #B T i H
20 LATF AOBEE 58 50 bp BUET O, QSR 6 0 N 197
Py AEAR T 20, T 1 IR 4R 48 25 5 i i 5% | i 0%
Ji#E)5 50 bp LAR Y reads, Z2BR % N Bl FE 1) reads.
QM PE reads Z [B] 1Y overlap J& &, XS reads
PHEZ (merge) W— 257 91, /N overlap K & 4 10
bp. @FHEFFINH overlap X VT KA EC LR A
0.2, i & A FF & 5 5. @ MR 95 )7 51 15 R ™ i 1
barcode F15 [ X 434 &ty , F- 5 %& )3 51| J5' 1], barcode
FRVFRIEETICECH O, F K5 SR 2.



1 BRI . SRR AT e S Ve B B B 2 A 07 23
PEREECEI 5. 5 A VDTSR LM R, (1
2 HERERE R RE phc A BH AW e iR s (B2 5

2.1 A/0 KbHERGIAZTITIERE

2018 4E 5 H & 2019 42 A A/0 RGHEEA
TIPEREDLER 1, 21T RGH COD EBRACE I SVI AR
FEULE 1. N 1 iR e LA I B T 2 BB 1T
PERE LB, RAF HEK COD B shi Kk, kAl 22
Ak 2 f5 % (H 7K COD M4 E , — B 4ERF 75 20
~40 mg L™K A B SRS R i — i, KRR 45
mg- L™ 24 E R R BRBCRAR Y, K = A ALAE 0. 2
~0.5 mg-L™". BB KBRGOR RAF, K P AR
1%, 2B R A e vl 3k 99% . (HASVE RS2, WIE 1 7]
PIE Y Z AL B R Ge i VRV e vk B AR b B K, V5 R It

TUREPEREAR 22 SV (EA54E BTV, 16 7 A ik ®) 168
mL-g ™" WIS URIEIK IR G s IR 5 5 Ve Ve RE B i
8 H SVIWKEH]5 AKN-, 9 AU 1t
Ja, N 10 A JF 4R, SVI XM 60 2 Jl 384 fin %) 164
mLg ™" B BTG MRS TR I Ak 4. B SRR B Jin
V5 YR Rl R AE K Ak A A ] 22 R B A K S A
P78 SVI M E 5] 60 mL-g ™' 247, B SVI Al
NHEE ETF, A F] 196 mL-g ', SRR T5 TR
RERK NG, o Fis TS et Rl S A Wi s 454 1
AN B OC, BRI, AT s 3 M S e L P A
TRLERE AR A X B 1l i35 7K K o e
AR P A BTG DR e Sk AR AR A WA B

R®1 A0 ZZEKRIEITIHERE

Table 1 ~ Main operational properties of the A/O wastewater treatment system S
5 [ 2 He/Mi KA T T
COD/mg-1~! - 758. 10 1518.75 1027/51 =
K TP/mg-L~! j 9.06 | 77 | 60460 36,77y
NH; -N/mg-1"! o 303 | 4 156, 33 A 72401
COD/mg-L"! 24.33 A7 4466 32.23+ ‘.-;x*“
Hizk L/ TP/mg-L~! - | &7 0.0 f ¥ g g 70.235
- ~ NH;-N/mg-L"~! v‘j,f 0.2 ;-:J,”:" ot 0.‘15_‘_;;,;“ 0.3 ¢ &
4 SV/mL-g™! | / A" # 55.55 07. 54 /125:-83~ F
= ¥ - g # 5 A 3 ] o
losy o =4 TE/M(LLBODs/VSS 3) Zkg(kg-d) =1 4 0.064 /' s 7.0. 264 50. 1874
et ¢ M BODy VRED fley D) T g AN 0. 8%
~MLSS/mg-L~! J I 3060.66/ & 6 197. 66 50064.37 &
oy _.SRT/d NN i | 5.5 79.0 20.3 °
I ! & ~n. =
1 600 L T —— 100 T T T 220
3! ] & E 6000 & 1 [ 1A 200
L LN % . Py | I & 42
- « &L %! a° s {bfe oY : .ﬁ & o “A 1180
1200 F W ; : R " % “WaT | VA, As 2 160
T o § il 2 ' 1
T, 1000 F 5 - 9 s - A a - 2
2 T 99 }‘.‘&J‘? A, (0% T 4000 W va x‘% f s€ a0,
E B0} e : ’ y at e = £ v A 5 & oaa a e 120 2
= . £
g : : » & = 3000 F X Y - . £
o 600 b | ' 440 = @ Y : TR h : i =
- ! ! * ilfkCOD i S 2000} ‘ : a i | 180 7
400 + : " = HkCOD — | t; i
1 I e 20 1 000 F * ME‘J_\S : : : 160
200 + | I 4 SVI | ) | 140
| 1 1 1 I
0 0 0 L I s ' m L I L PR L 20
= f=1 = = = = = = (= = = ™ - = = = (= (=] = = = = = = ™0 o
o M oM B L I S v > I L T s T T e R = T s TR SR s TR SR o T e T~ Y o |
B ™ S U G R I Y A
= = = = = = = — - — = = = = = = = = = = — - - = = =
H# (H-H) H# (H-H)
(a) COD KB (b) WIS JeHIRETERE ; B 1, 2 A1 3 23 B3R ke, 1, 2 A3
1 A/0 RER% COD XRFniFEHT IR ELE
Fig. 1 COD removal and sludge settleability of the A/O wastewater treatment system
2.2 TEMETE IR I AR Mg AEJEE BT L, FZEUUL2RE N F | [

3 YIRS AR, ML f) — Y s 25 SR N 18] 2
s R b 2 BORLAR oA rfal DU 15 D8 AL
REIES /1, fE KL A% 86.35 pm (5 ik K, 5
7. 95% , 2SI BB PARIEETS P

TR JR R SEM LG 45 R ILIE 3. 7R R A%
R, Al LR AR RIS DR 0 M AN AN [R] DX 4k
OP ARG R LR, S50 LA L. T PET5 08 R

FA HABAF R AR TR A 2R BB, B
TTHELAS | B 22 AR A i TS Ve 28, e T
PET5 U P AL AR — 28/ N 22 AR TR -5 B S Y A4 R
SR ISR 20 TR P B R 22 R 2 R A A A T R R
BO5 P DIRENEREA AR 7 I A
2.3 AEMIRETE AN A Y v e I b

ey I R AT AR A 23S 00 URE T 2



B 41 %

324 ¥ by

10
8
6L

g

=

I 4t
2L
0 R L R

1 10 100 1 000 10 000
B /um

2 FEEFRNRSE

ig. 2 Particle size distribution of the activated sludge

=

B3 :‘ E
]’ .-;i'? {1 ¥ 7

4 F g
T+ >

P2
4 Venn &
Fig. 4 Venn diagram

A RPREA A SRR AR E .

20 AT v O 5 SRAE T 1K R U SRR an
K5 B, W AT LUE 3 s TS Ve ke S
KB FE L AL L T 1] ( Proteobacteria) | fUFT
["7( Bacteroidetes) . %75 I | ] ( Chloroflexi ) FIJT £k R
I"J( Actinobacteria) . {if 3 M THER Z IR B8 HE i b o
AR R ) AR SIS MV PR AR T o 4
XFAI B (0 ok A W B T R R TE W TT] 45.66% ~

‘ wRmagng [ 7
Fig. 3 | __.S‘;EM ‘(ﬂ)ﬁeﬁw of the activated sludge

3 5 on. il R a0 AT A A
J& R 22 57K 0. 03 BYZKSF | BRAG B ERAE /02
HIG(OTU). &5 07, 3 AN TG Je ke i 38 2 T
186 47845741, Bt 1 455 T 73 328 2% 741, KL 2
FRE] T49 154575 B 3 135 763 996 55)751.
FRAE I 25 5 2258 Venn & (VLB 4) . Arb]
DA, 3 ANTEMEISIRFE M B OTU 0 H N 747 ~
964 , 15 B T A PR /K I35 1 75 e P i A ) AR PR R
3 AN MG Y AR S R AR B TR 2 810(559 1),
el 1) OTU B H i 2, miAE i 3 19 OTU % H i
AU AN R A 5 540 3 M T e i A P
oA A — R EE TR R — R EK SR WG TS
et A= AR TR AR AARNIAS K, SL R B 7 2, 7t

] 1 1 ] -
10.0 pm

Proteobacteria
Bacteroidetes
Chloroflexi
Actinobacteria
Acidobacteria
Planctomycetes
Parcubacteria
Nitrospirae
Deferribacteres
Firmicutes
Chlorobi
others

i

L
EEEECE N EER

=

0.25 0.50 0.75 1.00

1 |
2 I
3 |
0
HIXEH

BEs5 FEUBRPRBEESL(TKF)

Phyla classification of bacteria in the activated sludge

Fig. 5

66. 30% . SR UL, BEF N EIHERS , IR T] | ik
BRI ] 7 ECAR 3G, AT 1] SR 1] o He U is
WREAIL. 455 B A BT P R R ARG HETS Je P it
PRI (AR 2) , SABITERE AR L, 7T
LA Hh 8 3d A I 15K SRS K R R T] o LA
FIAAYUEAK ; IR T, o W 4915 T



134 R IGEAE . JEA KA B AR G i A TS YR B Bl E W RE I 2k e Z AR i 325

R2 AREESEBENEEZRBLE %
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