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PCR , ,
DO 100 mL , 930 xg
) 5 min, -20C ,  DNA
1 A A7 i o
1.1 1.3 DNA
1 , K717
, , 30L, DNA DNA DNA
0.7% (0.5 HgmlL )
30C pH 8.0 , , BIG-RAD Versa Doc
1d 1 HL. DNA 50
, BECKMAN COULTER DU640 ,
, NHsHCOs 160 mg/ L. , [ DNA]= 50 % ( ODxo— OD310) (ng HL),
KH2PO4 DNA
, 2 mg/L 1.4
(EDTA 5.0 g/L, CoCl;* 6H,0 1.6 ¢/, ZnSO4* TH,0 TAKARA Tag DNA
2.2 g/L,MnCL *4H0 5.1 g/L, CuS0,*5H,0 1.6 g1, ~ PCR . BIORAD  DNA
(NH,) 6Mor Oz * 4H,0 1. 1 /L, CaCl, * 2H,0 5.5 g/ L, DNA -,
FeSO,*7H,0 5.0 /1) , 2 ml, TAKARA pMDI&T ’
NaH O3 e , 10 ML,
pMD18T 1 HL, DNA 1 BL, dH,0 3 HL,
HRT 24,
Ligation Solution I 5 HL, 16°C
. 100 ML JM109
?: \?v);z:zevtvl:ner Waste warter ? 3 HL ’ ’
l \ ————Air 30 min, 42°C 90 s
1 ; Sludge , s 1~ 2 min
ﬂ Z 37°C900 HL 1B ,
37°C (150 ¢ min) 1h ,
50 HL (
50 Hg/ml) LB , 37C
Out flow 16 h,
returned o 10 4. o
the E;ctor PCR ,
1 37°C (250 1/ min) ,
Fig. 1  Schematic representation of the reactor and work flow. 1. DNA (PROMEGA) DNA,
Wastewater tank; 2 Sequencing batch reador; 3 Air pump; 4
Calorstat; 5 Aerating stick; 6. Stimrer; 7. Effluent tank.
1.5 PCR( Real-time PCR)
1.2 SYBR Green 1 : 25 UL s
SBBR 1% SYBR Green I PCR M aster Mix
10mL, 9300x ¢ 5 min, (Bio-Rad) 0. 8 Hmol/L
-20C , DNA Reat time PCR 1

PCR ,
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:95C, 1 min; 80 ( 95C )
55C, Imn; 5°C 0.5C 10 s,
1 Real- time PCR
Table 1 Primers and parameters of Real-time PCR
Group Primers(5 ) Reaction Program Reference
AOB ggggfﬁ?}iﬁ;ig}c&gﬁggﬂ} BCx 5min; 95C x 155, 60T x 45 5,45 ¢ycles [9]
0 CCTGCTTT CAGITGCTACCG 95°Cx 5 min; 95°C x 1 min, 60C x 1 min, 72°C X 2 min, 35
NOB GITTGCAGCGCTTTGTACCG eveles L10]
ANAMMOX ﬁi%gg?ﬂgfg:ggfggr%m 0Cx 2min; ¥Cx 10min; 94Cx 155, 0C % 1min,40 cycles [ 11]
1.6 LDO™HQ10
. L8],
( BECKMAN L3l CNL _ FE
COULTER DU640) s 10 . L8l
(MLSS)
[12], (MLVSS) : '
oy - MxN 2 HERFGAHT
T LxD
M= (g/mb); 21
N= (6.022x 10" /mol);
[= ( — n s 77 d s 2hi2h
kb); DO : DO 3
D= ( dsDNA  6.6% 10°g mol/ kb)
MLVSS 2 1~ 17 ) DO
2.0 mg/LL
1.7 , 100%  80% ,
pH: Sension2 pH/ BE : : NHi-N  NO2-N, NOs-N 30 mg/L
I Ammonia Oxidation Rate [ TN Removal Rate
—— NH,"™-N & NOyN —&— NOy-N =N
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Fig. 2 Nitrogen removal efficiency of the reactor.
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18~ 48 d , 55 mg/LL 2 ,
DO 2.5 mg/L. : ™ :
: NHi-N  NO:;-N
Vmg/l.  S0mg/l. ., NO:-N 1 : 3 DO
mg/L 9~ 77 , :
DO . DO DO
1.0 mg/ L 2 ,NO3-N 2
. NHi-N .
2
Table 2 Canparison of the different sludge samples and operational status of reactor
Do° Effluent Effluent Effluent Effluent NHi-N TN
Sanple  Type Tind d (mg/ L) NHi - N NO>-N NO3-N ™™ oxidation removal
(mg L) (mg/L) (mg'L) (mg L) ratd % rate/ %
Inoculation
0 sludge 0
A Activat ed sludge
. 16 2004 1.1 27.3 28 4 100 &0
B Biofilm
C Activat ed sludge
. 42 2504 16. 5 46.5 64 0 60
D Biofilm
E Activat ed sludge
. 73 .g02 36. 2 33 70 2 7 56
F Bifilm
* :The DO concentration of aeration/ non-aeration time.
2.2 ) ,
GenBank  BLAST 3
3 GenBank
Table 3 Partial results of the recombinant sequence alignment with genes in GenBank
Sample Lengtl/ bp GenBank number Canparability of similar gene Blast result
I 117 FJ445022 CPO0OO450 (:B% ) Nitrosomonas
I 151 FJ490152 AJ24046 (100% ) Nitrospira
il 275 FJ490144 AF37595 (99% ) Candidatus Kuenenia suttgartiensis
3 , 16S rDNA , DO
, AOB NOB (0)
ANAMMOX PCR ,AOB NOB 3~5 ,
DNA ANAMMOX
2.3 DO
DO ,
PCR 4
4 ( /g ) , AOB  NOB,
able 4 Bacterial population in different samples (celly g dried dudge) , AOB NOB ANAMMOX
Sample AOB NOB ANAMMOX
0 4 2x 10° 1.05% 10° ND* ’ ’
A 1. 8% 10" 1.19% 10° 1. 04x 102 AOB NOB ANAMMOX ,
B L. 0% 10" 7.62x 10° 2. 66 107
C 1. 98x 10" 2.48x 10° 7. 38x 10"
D 2. @2x 10" 8.40x 10° 6. 30x 10" AOB Do
E L 34 10° 3.07x 10° 2. 78 10" 3 AOB DO
F 9 7 1 9 11
. 1. 20x 10 5.31x 10 4. 22x 10 10 10 DO 2.5 mg/L ,
* :Under the detection limit.
C D
11
4 DO \ 1.98 x 10
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2. 62 % 1010 g DO 1.0 mg/L —O- activated sludge - biofilm
’ 0 1.0O0E+10p
E F : 1.34x 10 -
1.20x 10” /g DO &2 100E+09 |
’ AOB ’ %E 1.00E+08 |
AOB @ ob
AOB 00 S Z 1.00E+07}
; DO , 1.00E+06 ; ; ;
1.0 2.0 2.5
) DO The highest DO concentration in reactor/(mg/L)
) ,AOB
4 DO NOB
AOB ’ , ’ Fig 4 The relationship between DO and NOB population.
DO AOB
—O- activated sludge - biofilm ,
1.00E+12F ) ANAMMOX i
52 1LooE+i1 DO (DO= 1.0 mg/L 2 0 mg'L)
EE 1.00E+10 Do
g-:b (DO= 2.5 mg/L), ANAMMOX
22 10009 , DO 20mgL 2.5 mg/L
"~ 1.00E+08 , : ; , , NOB
1.0 2.0 2.5
The highest DO concentration in reactor/(mg/L) » NOB DO ’ DO
ANAMMOX , DO
3 DO AOB
Fig. 3 The relationship between DO and AOB popuhtion. ANAMMOX ’ ANAMMOX
; ) AOB NOB, (
» NHi-N- 3 3), ,DO
NO;-N , NOB AOB s , ANAMMOX
DO 1~ 2 ANAMMOX ,DO= 2.5 mg/L ,
, AOB ,
,NOB , NOB ANAMMOX )
AOB : DO . ANAMMOX
DO NOB 4 1.00E+13 —O- activated sludge  —A-biofilm
, DO 1L.OmgL 2 Omg/L , DO ~§§01.00E+12—
NOB : 54
&7 1.00E+11t
: ;DO 23
2.5 I'Ilg/L , NOB % E" 1.00E+10
< 3 100E+09}
<
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DO 1.0 2.0 2.5
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Fig. 5 The relationship baween DO and ANAMMOX population.
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(DO= 2.0/0.4 mg/L) ,
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NOB , : NO A B DO
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NO;  NO, ; : ’
, DO
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3 it \
4 i
0o ’ (1) ,
AOB NOB ANAMMOX ,
DO
(2) DO AOB NOB ,
(1) AOB NOB ANAMMOX 0
’ ’ , NO:
bo 2 H(2) Now ANAMMOX Do
AOB DO NOB; (3) AOB NOB
ANAMMOX , DO (3)
ANAMMOX  (4) ANAMMOX ,AOB NOB  ANAMMOX
NO; N0 ,NO:  ANAMMOX ANAMMOX
[ 15] , DO
( ), ANAMMOX N
52 Xk
2 4 , DO= 2. 50.4 [ 1] Ahn YH, Choi HC. Autotrophic nitogen removal from
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Quantification of functional bacteria in one step completely autotrophic nitrogen
removal process influenced by dissolved oxygen

Yu Qin, Fang Fang, Jinsong Guo" , Guohong Yang, Li Dong
(Key Laboratory of the Three Gorges Reservoir Region’ s Ece-Environment, Minisiry of Education, Chongqging University,
Chongqing 400045, China)

Abstract: [ Objective] To study the influence of dissolved oxygen (DO) on baderial population in a one step autotrophic
nitrogen removal process and to improve the system operat ion. [ Methods] Ammonia oxidizing bacteria (AOB), nitrie oxidizing
bacteria (NOB) and anaerobic ammonium oxidizing bacteria (ANAMMOX) were amplified diredly from the one-step completely
autotrophic nitrogen removal reactor by using the specific PCR primers. The purified PCR products were cloned into 'F vector and
identified as the target fragments of AOB, NOB and ANAMMOX by sequencing. Recwmbined plasmid was used as standard
molecule sample in Reaktime PCR for quantification. | Results] High DO was beneficial to AOB and NOB. The population of
both AOB and NOB were higher in adivated sludge than biofilm samples. High DO had the diredly influence on ANAMMOX
population whereas low DO had the inhibitory effect of ANAMMOX activity if the system was lack of NO3 and NO3 .
[ Conclusion] DO of 2.0 (aeration)/ O.4( non-aeration) mg/L was the best operation concentration. Meanwhile, ANAMMOX
population reached the peak in this condition and AOB, NOB as well as ANAMMOX composes of a steady ce-metabolisms system.
Keywords: one-step campletely autotrophic nitrogen removal; Real time PCR; AOB; NOB; ANAMMOX
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