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Running Condition and Bacterial Community Associated with the Partial

Nitritation System

ZHAO Zhi-rui'*”, JIAO Hai-hua*, CUI Bing-jian’, HUANG Di', CAO Shi-chao', WANG Yun', LIU Shang-
qgian', MA Bin’, BAI Zhi-hui*"

(1. College of Water Resources and Environment, Shijiazhuang University of Economics, Shijiazhuang 050031, China; 2. Key
Laboratory of Water Resources Sustainable Use and Development of Hebei, Shijiazhuang 050031, China; 3. Research Center for Eco-
Environmental Sciences, Chinese Academy of Sciences, Beijing 100085, China; 4. Department of Biological Sciences and
Technology, Changzhi University, Changzhi 046011, China; 5. School of Municipal and Environmental Engineering, Beijing
University of Technology, Beijing 100124, China)

Abstract: In partial nitritation process, the sludge concentration was higher than 4000 mg-L™", DO was less than 0.2 mg-L™", the
temperature of 15-29°C, the reactor HRT of 4. 6 h, and the circulation ratio was 75% , not only the microbial biomass reached the
highest value but also the ratio of nitrite to ammonium of the effluent could be controlled at approximate 1. 0 by adjusting the dissolved
oxygen concentration. A quantitative PCR and the 16S rRNA genes clone library results demonstrated that ammonia-oxidizing bacteria
were the dominant among nitrite-oxidizing bacteria at low dissolve oxygen concentration, that the bacteria promoted the running of the
partial nitritation. Compared with conventional nitrification systems, in partial nitritation process, Nitrobacter and Nitrospira could not
be detected among the system, and abundance of Planctomycetes was higher in partial nitritation process than that of conventional
nitrification systems. Phylogenetic analysis of bacterial amoA gene sequences suggested that ammonia-oxidizing bacteria of the partial
nitritation system was dominated by Nitrosomonas sequences, so partial nitritation is to be feasible technically and economically.

Key words : partial nitritation; ammonia-oxidizing bacteria; quantitative PCR; clone library; amoA gene
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Table 1  Characteristics of raw wastewater
. COD TN NH, -N NO, -N NO; -N TP
v 4 2 3

Eistun pH /mg-L""! /mg-L ! /mg-1,! /mg-1,~! /mg-L"! /mg-L"!

FinE| 7.5~8.0 23.4~92.8 45.6 ~60.7 43.0~54.7 0~0.1 0.1~1.4 0.12 ~0. 82
1.2 AR IR BEBAR R 50 wl: 5% 27£/1492r (¥R N 10

A Ak B N R AE = I R B AT, P SO A% 45
M3 rRIRS A DO <0.2 mg- L' AHEVE. 5280k
EBATIIN 4 DA EE A, 25 4
AT B EE, 1813 H A 25 9% AR 38 N 50% ,75%
B2 100% . SEH bR TR A B AR E B AT
RS IG5 V.

1.3 LRIk
1.3.1 DNA $#£H5 R A HF5ER M (PCR)

FEAEL RNA BEIBCR FH G M 15 TR $R 00 &, 4K
PR ETT RNA AY42HL( Omega, USA). HL 0.5 ¢
TS VR RE D PEHC RNA B9HEE 4 90 ng- L', 4
H# 9 RNA {40 16S RNA il FH 51497, 5]
Yy 27f, FF51490 1492r #E4T PCR §738 . PCR ¥”

mmol L") 4% 1 wL,dNTPs(2.5 mmol-L"")4 ulL,10
x buffer 5 pL, Taq B (2.5 u)0.5 wlL, RNA #ifg
0.5 wL, K ALK E Z 50 wL. SV A&MHH,
AR P 94°C 5 min, 94°C 1 min, 55°C 1 min, 72°C
I min,30 /I\ﬂﬁf$, 72°C #E{d# 10 min; 55 4°C 1747
1.3.2 SOt s

SEHY % ] SYBR Green ¥t B 3, 5% ] AOB
( Eub338/Nso1225 )'®! 5 NOB 4% 5 1 51 ¥
(NSR1113/FNSR 1264R) "' "1 16S rRNA H:[H H
B bR R, TR, 28 00 R R 8K
H, 455 AOB B945 IR 5.9 x 10" NOB 445 D1 %L
J33.61 x 10", JEF TR DNA K & 0 bR ifE
st , R T ot R TS R oA B2 (A B ST S Bl ]
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Real Master Mix (SYBR Green, TIANGENN) {4 Z it
17 PCR 2 W7, A %% Mx3000P %% )¢ & & PCR 1%
(Genetimes 2y A ). 25 pL AR R 15 2 pL £
FE S TR AR E S DNA 1F 17 51 9 2 1) 51 4 4%
0.5 pwL (10 pmol-L™"), 9 pL 2.5 x Master Mix, &
AFERD 3 AT, LIARE &S DUEO X EUE
BEARER, LS9 C, (B DN A bR, 22 i A i il £k
XFRGE TR AOB 5 NOB #H47 € .
1.3.3  aRESCEMME

f#i FH Omega BEIEHHEL RNA [A1R 5] &K PCR
PO AliAk AR A B 5K 4l kS ) PCR 77
Y5 pGEM-T easy vector( Promega, USA) #E47i%4%.
LR R N pGEM-T easy vector(50 ng-pL ™" )1 pL,
2 x Rapid Ligation Buffer 5 plL,PCR F=#) 4 pL 1%2],
ACHKF . i AKMATFE DH5a( Tiangen ) , i
AFEIR 37°C ;7% 3 h WUE IR G BB 150 wL 340
L HHER(AMP) PrAER U R RERA A PTG Al
X-Gal ) LB e |, 37°C 555 12 h J5, PRI— @ 5%
Tt A AR B 6 S R AL e SR PRk
250 NS08 Ay BA P v B Y S B - B ] T7/SP6 kAT
PCR ¥ 5%, ¥ 14 7 %) 0 BRI ¥ N U) B Hhal
(Promega, USA) Fll Rsal ( Promega, USA) #1743
DIARAT OTU 23780 % Bl DI 1 1 — 000 s e+ o —
A~ OTU, BEANEEUIZRBIPRE 1 ~ 2 AN R AT
JP (AU ML E A MR A IR AR . Al IR ik
AR, LR A T S BN AU R DR B SO T
W54 AmoA- 1F; 5'-GGGG TTT CTAC TGG
TGGT-3'PCR, #5144 Amia-2R: 5'-CCCC TCK
GS AAA GCC TTC TTC, f*¥ &% #: | At )5 PRI
102 e fE T 23T . H Bioedit XA
GER TSR FE S AE GenBank FRRIEMER RIG T
R AI R G kK B, R clustalx]. 83 #F
17 HeXT, FH Bootstrap N-J tree B4 1000 K1) & R 50
AL, RG R B W B2 HI T H] MEGA 4.1 B8
SERE.
2 oWm5iTtie

2.1 SERFER PCR 455

M 2 7] F 1, AOB F1 NOB ¥ & 7& [0l i e
25% 1 75% B, EATHY & AH 2508 2, W AE B L
50% Bf AOB F1 NOB (1) 3t A 25 — Bt 94, {H 78 7]
W 75% I, AOB 1 NOB fHRAH 2% 3 N8R9, 1M
FE 100% B} F 25% B 25 S AL PRt AR fF 9 326 43¢ [l
T L 75% BB SR EE R SO LA E— 5 i A

P R DA R A A2 L
2.2 16S rRNA FE[H o0 [ SCESE

T SCE R EEAS OUT FF & 1 Ta e T4, 5k &
W, A58 31 A4 OTU , 3 1 i A7 B i 2R AT, A6

SR 3.
9
gL
? -
Bol
& 5[
X 4T
® 3 —e—AOB
It —a—NOB
l -
0 . \ .
1 2 3 4
Hedh
B2 M{EFRRKZEH AOB 1 NOB iJ 16S rRNA
EFEESEFEAHERNHHITH
Fig. 2 AOB and NOB log numbers of 16S rRNA
gene copies per milliliter wastewater
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JH Rarefactwin Version 1. 3. #/2:H41 ARFE T 99% & FE
3 16S rRNA ERREFREEHL
Fig. 3 Rarefaction analysis of 16S rRNA gene clones

M3 BTLUE A b e i i A 568 e
GESCIE 250 A FERE T REAR 4 b S Wk R G2 16
rRNA BEPR Y22 4L P9 23 B s, SCIE D 38. 7% 1Y
SERETARARAIARRIE ( <97% ) , i RS 7R
fRZ 3 09 & #F. GenBank % 3 5. HQ01463 ~
HQO14661.

NIRRT RGN E ARG R T
bR 3t 250 ASsERE T, 31 4> OTUs. WA 4
ATLAE B OTU 35l @ T an i ) 5 4> 22k
BE, 22 28R R[] ( Proteobacteria ) . UL 14 ']
( Bacteroidetes) . £ 1 ] ( Chloroflexi) . JEBERF ]
( Firmicutes ) . 7% % "] ( Planctomycetes ).
Proteobacteria 5 X Al 434 BB IL WA . 6-F L
. BZEMETE 1] (B-Proteobacteria ) F2& 3= B 1) It & B
AE, T AOB 233 > T A v i T A T RE, 7R A
bR E EZ AR, OTUs 747, 250, 269
277 BORIE T X AW R, AF50A R e &K K
ALEEH Nitrosomonas 72 F 2 M A A EHE. TEAHT
X9 AOB 5 Nitrosomonas WA 5 & W AH L3R 5] B
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A BT IF % W& ( Planctomycetes ) , A 1% B TENTEAR A RSE PSS ). IR
OTUs 223 . z134 ., z189 , 286, 2182, (R LIE i ¥F A & A fb W ( anaerobic-ammonium oxidation

1000 |: 276 (HQ014648) n

Uncultured Chloraflexus sp. gene (AB257647)
6671 g9 283 (HQO14651)
Uncultured chlorofexi bacterium (HM371253)
1000 289 (HQO14653)
1 000 Uncultured Caldilinea sp. clone BO1-03F(F1542929)
1000 602)2151(HQO14633)
9291 7143 (HQO14656) .
L000Y Chiorofexi bacterium (CU921236) Chioroflexi
Uncultured bacterium gene (AB445103)

237 (HQO14641)
1 000[

Uncultured Bellilinea sp. clone IIISN (EUS87788)

996 | 1000 246 (HQO14636)

Chlorofexi bacterium (GU214148)

995 226 (HQO014639)
oo —

Uncultured bacterium partial (FN436145) |
1000 249 (HQO14637) o

{ Clostridium sp.ctone 230 (GU112191) _| Firmicutes

1 000 — 250 (HQO14638) 7

1000 Betaproteobacterium bacterium clone (FM866286)

269 (HQ014645)
1000 |

1 000 " Betaproteobacterium bacterium clone (DQ676430)

153 1 om[m (HQO14642)

Uncultured bacterium clone BY'11 (DQ342335)
671 [zl?? (HQO14658)
1 000" Nitrosomonas eutropha sp. clone (AY123795) Proteobacteria
i 1 000 z3 (HQO014632)
Uncultured desulfuromonadales bacterium partial (AM935526)
278 (HQOD14649)
Haliangiaceae bacterium(FJ516990)
Deltaproteobacterium clone (EU283354)
1 000~ Uncultured bacterium clone 1013-28-CG28 (AY532573)
292 (HQO014654)
1 000 Uncultured bacterium clone H106 (EU529739)
997 723 (HQO14635)
1 000 _|: Isasphaera-like str. CJugll (AF239699)

[2134 (HQO14655)
1 000 1 000~ Uncultured planctomycete clone Pla_PO55-6 (GQ356110)

z189 (HQO14660)
461 H Planctomycetes

1 000 Uncultured Planctomycetaceae bacterium (FI1542876)

Lo a6 Qoldes2)

Uncultured bacterium clone 005D84 (EU734914)

)99 | 2182 (HQO14659)
1 000~ Uncultured anaerobic bacterium clone B-1J (AY%53178) ]
1 000,215 (HQO14634) N

Uncultured bacterium clone (CU927353)

1 000

764

617

L 1000 257 (HQO14643)
297 Uncultured bacterium clone Mn3b-B46 (F1264565)
279 (HQU14650)
Uncultured bacterium clone FLO428B_PF55 (F1716474)
1 000 z150 (HQO14638)
1 000" Uncultured Bacteroidetes clone (EU266920)
997 r Uncultured bacterium clone DSBR-B022 (AY302120)
- 968 [L Haliscomenobacter hydrossis partial (AJ784892) .
997 1000 ,5 (HQO14631) Bacteroidetes
921 291 (HQO14661)
Uncultured Saprospiraceae bacterium clone Epr30 (EU177726)
Z73 (HQO14647)
1 000 234 (HQ014640)
— 1 Uncultured bacterium clone M0509_27 (EU104113)
o0 72 [259 (HQO14644)

1 000" Bacteroidetes bacterium clone AS38 (EU283366)
zT71(HQO14646)

ll}._‘ﬂll 1000 Bacteroidetes bacterium clone Skagen%0 (DQ640712) ]
HTF 1000 MEEIE

El4 FERHARSEPHEH 16S rRNA BERRGEL FR
Fig. 4 Neighbour-joining analysis showing phylogenic relationships of 16S rRNA gene sequences from the

partial nitritation system clone library to sequences in other related organisms
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bacteria) J& T 1% B W& [ 1, 20T DUF] H W 6l & A&
(NO, -N) EAL @SR (NH, -N) A A S (N,) , 1
ALl R RS R B, IR AR A S Ak B AR AR A i A
A Y 7K J745= B B TR 2SR o] LR & 461k B 3t
1. NOB A L WSR-S AN FEFA, &
V18 A 3 o A A SR P e B8 T DA 32 B AE AR R
Grrh RIS, BAGE T R R TAENLE, A8
TN i 2 A b S R N A B AT ROR. S
OUT M RG K E i E K 4.

2.3 PRI AR I R e R SO AT

914 | Uncultured bacterium amod (EF688276)
10001 71 (HQ142885)
1000 Nitrosomonas sp. (DQ304515)

I P 25 SR 3R A 53 RO A T BRI B E 235
o M7, 3R 45 4 4> OTUs 4» B, OTUs Z1 (67
clones) . 72 (25 clones) ., Z3 (7 clones) ., 74 (3
clones) BT 3 FUEN & T Nitrosomonas , Horfr 21 5
Nitrosomonas sp. (DQ304515) 2 50 A B 04 AH
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