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Abstract: [Background] Bacterial community structure of activated sludge has important impacts on the
high efficiency and stability of the biological sewage treatment. [Objective] In order to provide strategies
for maintaining stability of sewage disposal process and improving sewage treatment efficiency, we have
estimated bacterial community structure and function of activated sludge. [Methods] Illumina MiSeq
sequencing and real-time PCR were applied to analyze the bacterial community structure diversity and
differences of the activated sludge, which was sampled from five municipal wastewater treatment plantsin
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the Beijing-Tianjin-Hebei region. [Results] Sample from Hengshui (HS) demonstrated the highest
microbial diversity and occupied the most unique OTUs whereas sample Hejian (HJ) demonstrated the
lowest microbial diversity. Influent temperature was the principal factor that differed the sample HS from
other samples in community structure. The most dominant families of sample Daoxianghu (DXH),
Nangong (NG) and HS were all Anaerolineaceae, whereas the most dominant families or genera of sample
Shahe (SH) and HJ were Saprospiraceae and Lactobacillus respectively. Sample HJ demonstrated the
highest denitrifier abundance, whereas sample HS demonstrated the lowest denitrifier abundance.
Furthermore, nirS gene was the more widely distributed nitrite reductase encoding gene than nirK gene.
[Conclusion] The environmental vectors affecting community structure of activity sludge in different
municipal wastewater treatment plants were discrepant. And specia influent water quality would also have

effect on community composition and biodiversity.

Keywords: Beijing-Tianjin-Hebei region, Activated sludge, Community structure, Diversity, Denitrifier
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W 5HR .
1 MRSk
11 FERAFIFLER

DNA $2HUA &, MP Biomedicals A w]; 3
JE#E, Sigma /A, NanoDrop 2000 4841366
11, Thermo Fisher Scientific 23 7] ; PCR 1%, Applied
Biosystems /A ), 16S rRNA JE[H 4 15| 4 i 35 7
A Wy R 2R AT PR Wl 5
1.2 #H@mRERIKBRNE

TGRS JeAE iR AN ] 2017 4 11 A ),
WA 55K MsE B, &K I3 A
YARE, IRE WAt 30 min #E .04 °C.
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15K AR TR X, & T KT B E KK BURE
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FAFAERC I R A9 22 5« Shahe (SH)T KoK H A TG TS
Kby 95%, AL S EFE, COD (Chemica
oxygen demand), BODs (5-Day biochemical oxygen
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1.3 DNA 2BV EE PCR

KT DNA - $2 B ) G0k B A ORAF A it B
0.2mL V5817 DNA $2HL, AR R0 £ 0
WAL BRI T X HEHUY DNA, % H NanoDrop
2000 X} DNA ¥ i Faii Bz e pa i, R A1 19%3E 05
THEE G L kv DNA S8 8 M JEA A6
1.4 PCR &% Illumina &

JAE G A% ) DNA R 5 R 5 9% 515F (5'-G
TGCCAGCMGCCGCGG-3')#ll 907R (5'-CCGTCA
ATTCMTTTRAGTTT-3)i#t4T 16S rRNA JE[H V4 1]
725 [Xf% 25 18 0 (1 lumina MiSeq 2000), ¥

Tablel Wastewater quality, treatment processes and temper ature of five wastewater treatment plants

K 4R T COD (mg/L) BODs (mg/L) TN (mg/L) NH,*-N (mg/L) TP (mg/L) NI
Sewage Craft Tempera-
plant Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent ture (°C)

Daoxianghu Anoxic-Oxic 173.80 17.40 8410 1.70
(DXH) (AO)

Shahe Anaerobic- 34580 27.10 217.30 7.00
(SH) Anoxic-Oxic

(A*0)
Nangong Anoxic- 25520 24.50 7400 5.70
(NG) Anaerobic-

Oxic (A%0)
Hengshui A0 100.64 19.09 32.00 6.67
(HS)
Hejian A0 94.70 34.00 28.00 7.00
(HY)

36.10 1775 30.10 0.29 3.30 0.19 14.0

49.40 14.00 39.70 0.30 6.20 0.34 14.6

3280 17.60 24.00 0.80 6.46 3.17 19.7

29.67 15.15 2.96 2.82 2.15 0.36 20.0

21.35 1771 7.95 1.64 0.24 0.06 16.9
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YIRETE R AR R 28T TR A RS
£ 4 £ (Chao/ACE 45 %) . # 7 % 45 £ (Good's
coverage) FI Z £ 1446 £ (Shannon $5%1). A5
ARSI F S E EAE 2 NCBI, 0 H 45
(BioSample accession) &y SRP154042,
15 LBTE=E PCR

XF 5 A5 K TEPETS ¢ DNA i nirS, nirk
A A7 S E B PCR (Real-time quantitative
PCR, gPCR)/MfT. PCR JZJW{A% (20 uL): DNA
Btk 2 ub, IE. Jm5[4#(10 pmol/L)& 2 ulL,
2xPower gPCR PreMix 10 uL, 50xRox Reference

F2 ALWFHEMRK gPCR SIMRINR K RIERF
Table2 TheqPCR primer and procedure used in this study

Dye 0.4 uL, MZEE/K 3.6 pL. ARSI ik FH 1)
qPCR S5 | Wy Ay 35l an sk 2 fies .
2 HZRH5W
21 MEYFEFEERZEMN

L3 X R AR T A T B L AR B , B 41
TeRE L AT 5507 5150k 32 290-69 083 (£ 3). A 1#
UEJF SL A& it 1 2 A e [6)— DU P IR B2 BT, X
5 A5 PRI T 1 Rl AR 3, RIDRE A i A A &R
FE5kr Al 2 B/ Ve 32 290, 1E 97%HHBIK
b, SFEM OTU %, Good's coverage #5 %% .
Shannon 5 £ Fil ACE $8% 113153 25 K WL 3% 3. AT LA
Fi, BFEST Coverage f8 5w, I1E 0.98
PLE, U B e 2 R 1 A T s A A T
ok, M5 L B A v A b S B o B A R
P, 55 IR REM ) OTU ¥k 10061965, 5

HEH 4 GIE/EA S 5190751 14 S LR
Gene symbol Primers name Primers sequences (5'—3’) gPCR processes
nirS NirS-cd3aF GTSAACGTSAAGGARACSGG 94 °C 2 min; 6 cyclesof 94 °C 30 s, 57 °C 30 s (-1 °Clcycle),
NirS-R3cd GASTTCGGRTGSGTCTTGA 72°C45s; 30cyclesof 94°C 30s,52°C30s,72°C45s
nirk NirK-FlaCu  ATCATGGTSCTGCCGCG 95°C 3 min; 6 cycles of 95°C 30 s, 63°C 30 s (-1 °Clcycle),
Nirk-R3Cu GCCTCGATCAGRTTGTGGTT 72°C30s; 32cyclesof 95°C30s,58°C30s,72°C30s

*3 B EMEEERNNMEVERFEMSHEMEEY

Table3 Theabundance and diversity index of udge samples

Samples Reads number OoTU Shannon index ACE index Coverage
DXH1 46 387 1617 5.93 1885 0.986 8
DXH2 48 306 1 600 5.96 1902 0.9851
DXH3 45 849 1485 581 1757 0.984 5
SH1 62 970 1292 5.54 1514 0.989 7
SH2 57 529 1323 5.54 1643 0.987 1
SH3 58 184 1262 5.49 1528 0.988 3
NG1 44 387 1319 572 1544 0.988 5
NG2 63 653 1413 573 1627 0.9917
NG3 49 432 1352 5.78 1588 0.988 6
HS1 69 083 1965 5.88 2206 0.9930
HS2 43 505 1791 5.90 2137 0.986 4
HS3 66 475 1912 5.97 2079 0.994 3
HJ1 32 290 1 006 4.98 1329 0.9853
HJ2 34 397 1034 5.08 1263 0.988 6
HJ3 34638 1019 497 1297 0.986 6
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Hyphomicrobium

Figurel Hierarchical cluster analysisof microbial communitiesfrom each activated sludge (Showing top 40 genera)

TE: BRZT AR R, B 2R (R A X S AT

Note: The closer to red, the higher of their relative abundance, whereas the closer to green, the lower of their relative abundance.
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FiRe ATLAE H, 75K 1 3 A FATRE S B R
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R T HE—5E 5 MK TSR A P
w2 S M ALE , SR A Distance-based-
redundancy analysis (db-RDA) J5 %% I 5 #5554
T ZIA B SR IAT T 4307, ANl 2 s 45 51 3R W,
IREE R X BT S5 00 1) S R Rl 93.2%, 45T 15
Ve 3MFATREAI S ARy —26, VR 451 22 5+
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15 R B TETE G5 A0 SZ IR B i i K SHL DXH.,

NG J {5 RIS I Z SR . BRI
1.0 HI1 @'HJ3
HJ2
Temperature

db-RDA 2: 27.64%
(=}

db-RDA 1: 34.81%

B2 HiEWSRERMEDRTE RDA
Figure2 RDA analysisof different sudge samples

e, Hrp, SH 15RZ@AANK R K, HI) 15
Ve dne FRER , 4 AR - R R 2540 7 A=
s, H 3 R AT Re S e R PR AT, o
BEERE T, biAES% ., COD fl BODs X} 5 45
K15 U AR W 0 45 4 1) i AS L J 2 1 2 S
(P>0.05), PAIMARTEEPRER,

Venn AT T4eit 2 Ak 5 v B A Fd Ay
) OTU #H , ARIMEIEARRAFPFEA, WL
Eb A LAY R BLT5 JR AR A 1 OTU £ B 4R AH L
K EBAEN . FEARRMFFE R 5 HI5Tert s, 3G
Wz T 3 258 4~ OTU, M 3ATLLEH 5 Fiisie
AR OTU 2 4784~ HS ) {5 G £ /Y OTU
%, A2 0994, Hif 6674 OTU J& HS |
15U FR A o HEE: B T R GERAK Al AE
K, KT NS 2% | 5 E A TR I KK e
PEZE R AR, DXH T 15T G I 2 i OTU %t
Hk, k18894, Hrffg 84 J& DXH | i5iH
AW
23 MBREVEEHST
231 [PKFEHRBERE 2 HE

R T G T AN RIS KT T U P R
LERIHRAE, FIFH RDP Classifier X4 FE 5 4G 5%
FEANHEAT T 12 @ R, 76l KR, 54
TSURRE SRR IR T 534N, MIE 4 AT LIE
A3 IE T | ] (Proteobacteria) & filr A FF i A 32 5 i i
BT, 5 R 34.1%-47.4%., BA 3D FEE]
SEPUFT I [ ] (Bacteroidetes) . 4425 5[] (Chlorolfexi) |
JERETE ] (Firmicutes), & H43314 10.0%-22.7%,
7.0%-16.2%. 1.7%—20.9%. Vi I 4 AT TR 40
At el 64.8%—78.7%. HiAth 3 (Ir G FEM 1Y
E) KT 1% 184 BRAT T ] (Acidobacteria) .
7% 1 | ] (Planctomycetes) . Ignavibacteriae, Jit4k
I"J(Actinobacteria) . fif{LIRGER [ ](Nitrospirae) .
ZE B I ] (Gemmati monadetes) .

4N FERBR T EREHET , nTLUE 145
J G VR S AE T T 43 KT R BRI B A —
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Figure3 Venn diagram of microbial communities from different sludge samples based on OTU

m Proteobacteria
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u Chloroflexi
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. L A A u Others
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Figure4 Taxonomic classification of bacterial sequencing at level of phylum
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Table4 Therank of dominant phylain different sludge samples

15K 24K e i 352

Sewage plant Order of dominate bacteria at phylum level
DXH Mycetozoan>Bacteroi detes>Chloroflexi>Planctomycetes>Acidobacteria
SH Mycetozoan>Bacteroi detes>Chlorofl exi>Acidobacteria >l gnavibacteriae
NG Mycetozoan>Chloroflexi>Bacteroidetes>Planctomycetes>l gnavibacteriae
HS Mycetozoan>Chloroflexi>Bacteroi detes>| gnavibacteriae>Acidobacteria
HJ Mycetozoan>Firmi cutes>Bacteroi detes>Chlorofl exi>Planctomycetes

AHAD 35K 5, & FEAOR TSR]
s A3 . I B R WITE L 2R
AW R Y B i DA aE Y S RN W i il 2
DXH 1 HS AR 7K TN ibbr, 80 T L BRéh
YE AN TR o PR, AT LAHED & BN 35 &
B DXH F1 HS TG Hr AU T 1T 240 BA 25 S e Y
JRRZ—o teAh, JERERE AR HIT iS5l rh iy i bt
N 20.9%, BLIE = T HA 4475 K 1) 1.7%-3.8%,
B HI T {5l 35 B T Proteobacteria 1
Wl FE—240 2R HI T iS50 Hh IR RE TR T ] 4 B
F 3N FL A & (Lactobacil lus) 4 B4 F1Eh R 48 & H
(Halanaerobiales) 41 i , 5 kb 43 %Il & 15.42% Fil

®5 BiEK EUESERPABIEEEE

3.47%, X F B ZUAT BR1 Ja A 17 3 8 1) RS it 3 14 2
FECHIT e B RE T T T HA 445K
) FE 2 A
232 BFEHKFELRBIEERE D REHE

AT HEINRABSE 5 HimK) 5P R
MY, TERBFIAKF Edk T TR o AR
Br, xR (s R AY F E = TE—
AFEA AN T 1%) ) FEEREEAT TR, 4551
W5, NESHalLIE N, &) 5P iytiE
B R ZHCH BA ARSI R A Y, F 2L EE
K & 4% E #F (Anaerolineaceae) . F. AT # )&
(Lactobacillus) . /& 12 iE # F} (Saprospiraceae) . P&

Table5 Theabundance of dominant genera or familiesin different sudge samples

Genera Key functions DXH (%) SH (%) NG (%) HS (%) HJ (%)
f_Anaerolineaceae Denitrification, Methanogenesis 6.13 414 747 939 195
f_PHOS-HE36 = 2.56 477 649 312 022
Lactobacillus Hydrolytic acidification 0.07 0.07 023 010 1542
f_Saprospiraceae Denitrification, Anaerobic digestion 3.60 840 176 132 061
Thauera Denitrification 1.33 115 327 150 6.63
Nitrospira Nitration 3.85 263 180 040 494

0_Xanthomonadales
f_Blastocatellaceae Qubgroup 4 Hydrogen sulfide oxidation
f_Comamonadaceae Produce zoogloea
Hyphomicrobium Denitrification
f_Chitinophagaceae Denitrification
f_Nitrosomonadaceae
c_Acidobacteria =

f_Caldilineaceae =

f_Planctomycetaceae =

Denitratisoma Denitrification
f_Xanthomonadaceae Denitrification

Dechloromonas Denitrifying phosphorus removal
c_Ardenticatenia Denitrification, Iron reduction
Planctomyces =

Sulfuritalea Denitrification
f_NS9_marine_group =

Heterotrophic denitrification/Biodegradable diphatic polyester 2.46 147 172 6.99 0.78

2.38 372 283 044 217
3.29 455 112 048 1.09
2.66 192 265 022 258
0.77 230 044 001 648

Nitrosation/Conversion of organic nitrogen to nitrate 2.56 164 061 108 348

1.78 131 169 100 189
1.27 141 127 027 263
1.79 121 151 075 144
1.28 048 325 130 013
3.58 119 049 016 0.69
1.05 098 003 365 0.36
0.74 057 407 009 0.39
1.25 115 214 040 085
0.51 013 030 200 282
0.90 344 051 022 031

e = W8 B AT AR A DT RE .
Note: —: No clear functional annotation for these genera.
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JEFCH & (Thauera) . A fLIZ 5 J& (Nitrospira) . # {4
i H (Xanthomonadales), 7 4h, ik A5 —#Bor &
TIREA Fr DI I R R -

£ DXH. NG Ml HS V5 H, B fe i T
J& 3450 IR 4R 48 R (Anaerolineaceae), 5 H il Ky
6.13%. 7.47%7/1 9.39%,. Anaerolineaceae 1| N2k
FTARERE, A 05 R AR il A s e
UASB Szl #erh ) iz At e A bk
FITRE, [ B I8 R AR 7K Ak A 4 A At 1 b4 Ak
(I IERR) A FIPY, ATLLHEN, Anaerolineaceae
& DXH. NG fil HS{57K] COD il TN B &
ERTTIRE Z—

SH 5 6 H R 25E B B (Saprospiraceae) & 5=
B AN, (5 Hh 8.40%., BkEA TP oY
FH], Saprospiraceae J& LIPS IR EL M 32 AR 1Y
F AR B 22 GE A O F TR BT 1S B Al A Bk ol B
FEGRAASRAE T, DARS R £h sl W AR £k ok v 732 14k
PEATBREBE, REAS I D[] B 5 SR B Bk Fr 9 B ) i YA
it o MRZ A RS AL BRI Y OCHE N 3R 2 — 2 15 U 45 7
Whi . AR PR R ], SRR, A
TEBR#EXT A0 RGERRE TR MR K, HEK
15 VA5 B BT TA] (12 d i1 45 d) 2544 25 BB A R
s B MRS 8 d B AR, SH T 7ESEFrist rit
GIRIFRE R, #H o 15-18d, XAk
R o 1 A R PR T 7 25 BRI, AT AR AE
SH T AR X H AR AT REAETE SRS AL BRI

1E HIJ i5ier, FLAT )& (Lactobacillus) & F-
FERE IR, HHoh 15.42%, kT HA 4 4
157K 1975 78(0.07%-0.23%) . FLATH B & —251k
REFEIRR , MRRYE, AR, &b
50%1A b EFLIRE, FEV5 U B A Tz B
Picard 2524 FT DIk 55 55 1) 1 R FUAT 81 I 2 0%
15K H B A, [RIEEX COD Al BODs #B 45 1R
TR . Oh 2291 3o i AR R IR R 7L
FF 06 & s AL B U5 Ve K R R b, W fd A ALY
(Soluble chemical oxygen demand, SCOD)} il 59%
Db, WA TESRR . 2LER . NER . T IR AR

2R LG, P, Lactobacillus 41 @A 58 k15
TeKfgmR AL, EH5RAT5 Vel 2 A VE R .t A
I HE K TP A ML BEARAIG , s e K A ) i FE RE A
FAA K SCOD 5 44 & 1 B i R (Volatile fatty
acid, VFA), XEedfiin] Lo AW i fb i & . bR
BER O BRI, A FT TN M TP kR, H5
— 7T, 15U B K R 2 S B T LA L 2R
BEORAE 2, i T 2MREETT. FEf, HI T
SR AMA Y Thauera 2L 2 T HoAt 75 /K
I, &l 6.63%. Thauera J&J& B-Proteobacteria
T B — L FRBAPE AN R, R 2 IR B A
SALEE T, S — 28 V2 AFAE T AP ST K Ab B e
B If HA LR 5 T S Y W AR BE il T
REZSHE X TR AR A A T 43 1 AT LA, AR
P T o e 250260
24 BiRMEFEE

5 N5k 15 R AN AL AR T B 5 LR 6. A
% 6 FATLIAEH, fiffbal R mE e A A
PO AN AL B AR B (Nitrosomonadaceae) , Tt
BiR 1.12%-4.00%, =5 i A AR5 U8 43 ik
H DXH A HS T fffeid i b /e 0 WA R
A ALEM Nitrospira, BT Huffi oA 0.40%-4.94%,
F R AR ATEIE Bk A HI A HS T, it
A, TWREERER A LA Nitrobacter gk i3], Fr
7 FEBICR 0.16%—1.88%, =F i it i MR AR A 15 T8
Ak B HIFIHS ), 54M5K) H, HST i5ier
AL AR B 2 B eIk, 1K 1.62%, ik T Hift 4 4~5
Ko INFE 1 ATLIE 1 HS ) K @ A IR EAR,
{8 2.96 mg/L, 5K AW 2.82 mg/L A L3
REAH AR LR HS) HLR G st it
R, X5 HI5 R PR AL AN B T AR ICAH A o

J T REAR G K15 U P R A TR A
Freeds, FAIE e Rems kT e 5L E1 T gPCR
4 %5} 5E T T o S5 O AL RE Y 4 F s D g 43 31
N s HRRIA SR | EASRRIA G . NO & J5 A NoO
WA, W AHARER A JFF(Nitrite reductase, Nir) /&
S A AE F A 0 el il A A A A
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Table6 Theabundance of nitrifying bacteriain different sludge samples

Nitrobacteria Genera DXH (%) SH (%) NG (%) HS (%) HJ (%)
Ammonia oxidizing bacteria Nitrosomonas 4.00 2.35 1.27 112 3.69
Nitrite oxidizing bacteria Nitrobacter 0.37 0.23 0.20 0.10 1.88

Nitrospira 3.85 2.63 1.80 0.40 4,94

N, B AR ER L A AL R R L %
S S A R b A E A PR D IR A Rk A i
Tif (N ) 2 i Ak b SR ) R i, DRIk N SRR
Wtk N RS B 94 AR Nir 2045 T 40 o
SN, A 2 AL —FpJE Cu BRI ER R 1A
SR, onirk JER gt 55— Cyt cdl AUl
BRI S, nirS gt ABFSEXF 515K
1R H Y nirK A nirS EL R HE T gPCR 4% & &4
Br, ZRMER 7R, WK 7R LIES, 5105
KB TRAER TR HI T 5 U FR A nirK il nirS JEA
Bt N ¥R £, Jy 2.74E+06 copies/ul DNA, %
LA S A AR TR = B e s HST 158 ) nirK Rl nir S
G DUURD (R 6.32E+04 copie/ul DNA,
W H A S A TR T B e A RIS R ATIR L B, BR
T HIT {5 nirk FEEEE IR T nirS LA,
HAh 4 A~i5KT 5 2 nirS SRS DR T
nirk JEA 3% R IE B B X 5 K T
15 URH nirSH&EL nirK 23 A SN2 (A R 46 18
JE Rt i R A
3 4k

(1) 545K BTG TR, HST B9
ZREE I BRI R A OTU fe &, HJE: SH.
NG I DXH |, i HI) Bt Y 2 etk

RT7 BIEKTIERRELINGEEREE N
Table 7 The denitrifying mark gene abundance in different
sludge samples (copies/uL DNA)

CEE  mya SH NG HS HJ
symbol
nirk 1.71E+05 8.63E+05 2.71E+05 1.81E+04 2.25E+06
nirs 2.91E+05 1.21E+06 6.45E+05 4.51E+04 4.85E+05

nirkK+nirS 4.62E+05 2.07E+06 9.16E+05 6.32E+04 2.74E+06
nirSnirK 1.70 1.40 2.38 249 0.22

(2) HS [ iFE T3 U8 v 0 R 25 48 52 T RS 1) 5%
K, SH. DXH, NG | MIFHEZE 2 SR .
SR A IS, 2 A SH T iEMES T
MR, HI T T5ielcon Rk, WE. S&. &
BN U RS AR R AR S5 H 7 A 5

(3) DXH. NG il HS J &5 U i O 34 i
Y14 Anaerolineaceae, 1fii SH [l HI ) A
4354 Saprospiraceae 5 Lactobacillus,

(4) 5 MNEAKT IE MG Ve T RO AR R
M HY T mARm o HS T, HASIRHSR R
VKT 5 e nirS R EE nirK 434 SNz Al
R 8 340 1 il 2 i B A
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