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Microbial Ecology Analysis of the Biofilm from Two Biological Contact

Oxidation Processes with Different Performance
QIAN Yin, QUAN Xiang-chun, PEI Yuan-sheng, MA Jing-yun, TAO Kun

(State Key Joint Laboratory of Environmental Simulation and Pollution Control/Key Laboratory of Water and Sediment Sciences of
Ministry of Education, School of Environment, Beijing Normal University, Beijing 100875, China)

Abstract: This study investigated the performance of one-step aerobic biological oxidation process and anoxic/aerobic two-step
biological oxidation process treating modeled river water containing low carbon and rich ammonia. Biofilm microbial ecology was
analyzed with multiple molecular technologies including PCR-DGGE, FISH/CLSM and FISH/FCM to investigate the succession of
bacteria community and space distribution along with abundance of the main functional bacteria, and to research the micro-influential
factors and the mechanism of different biological contact oxidation processes for their performance. Results showed that two-step contact
oxidation process achieved higher removal percentage than that of the one-step process, with COD and NH,’ -N removal enhanced about
10% and 32% -59% , respectively. A much thicker biofilm was obtained by the one-step process compared to the two-step process,
and nitrobacterium was mainly distributed in the depth of 180-200 wm and 105-125 pm, respectively. PCR-DGGE results found that
the two-step process demonstrated less microbial diversity than that of the one-step process, FISH/FCM results showed that ammonia
oxidizing bacteria ( AOB) and nitrite oxidizing bacteria ( NOB) abundance increased in the two-step process with the increase of
operation time, while that of the one-step process declined. Experiment results demonstrate that functional partitioning of the anoxic-
aerobic two-step biological contact oxidation process could be in favor for harvesting nitrobacteria and other special bacteria in different
reactor spaces, which can improve removal efficiency for organics and ammonia finally.

Key words : ammonia; biological contact oxidation; DGGE; FISH; nitrobacteria; community succession; space distribution
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AR S50 AR AEL 1 S B 15 G ] 3 1 7K BT 2 COD
100 ~400 mg-L~"; NH, -N 15 ~50 mg-L~". S %
AP G TS KRBT A0 T2 R XGRS e,
Pl B 3 d J5 i LLIB AT, 2 S RURE A D 2% 8 5 i 4 %o
R B BRI B K IEbRRRE |, RN A 3l 58

HUR 32 17 3 72, 43 = B B3R TH N TR 48R 7K
COD,NH," -N [ & Ji 6 g E7K BEIEH COD ¥ B 43
B4 150 . 250 . 350 mg-L =", NH, -NH 43514 18 .
26,36 mg-L~" TN WKEEST51 0 24 34 42 mg-L~",
HEK pH HAR4FE 7.2 ~8.0, 2 Fh T 25 ok 188
BFE] AR A8 b, P g 2 i A8 fb T 25 X B 7K
15 BB TR A3 5R 4 h. PR SEE fl E AL ER R 2
K4 ~6 Lemin ™' AP HZ il SR AL I B SR B R S
A 1.5~3 Lemin ™' BEABORBRR. 2 RN AR LT
AX DO T EEHIAE S ~8 mg-L™" B X DO
IR EMRT 0.8 mg- L™ IREHEHEEIR 18 ~
27°CEIA.
1.2 AWl S AL T2 G Y e 5 A R T R e
1,9k ( PCR-DGGE) 434t

TEPIE T EANFIE TR Bk H KBS A B IR i) B
AW RERE S, (3 1 x PBS BRI JGTE - 20°C FARAE.
A I DNA % H EZ Spin Column Genomic DNA
Isolation Kit %71 & (14K BBI) &1

DGGE-PCR JH51#) 341F-GC F1 907R §" 1% 16S
fDNA F B B 43 i k. 57-CGCCCGC
CGCGCGCGGLGGGLEGGGGEEEGGGCACGGGGGEE
CTACGGGAGGCAGCAG-3' il 5'-CCGTCAATTCMTT
TGAGTTT-3", 434 H A5 7 Bt 4 B 24 550 bp. PCR X
NRZR (50 pL) T F A BCE : Tag (5 U-pL™"),
0.25 wL; GC Buffer I (Mg’* Plus), 25 wL; dNTP
Mixture (£%$2.5 mmol-L™") | 4 pL; #Ax DNA (49
R DNA), 1 pL; 514 341F-GC, 1 pL; 519
907R, 1 pL; KK MilliQ 7K, 17.75 pL. )RR R
FHF7% R PCR'™ .94°C HilAE 1 5 min, AT 8 MG N
94°C A 30 s, 63 ~56°CE k 60 s, 72°C ZEH 90 s
(Hrh B MERFRIRE TR 1C) ; 285 94C
AP 30 s, 55°CIE K 60 s, 72°C fEAH 90 s, fEHE 25
WK, 25 72°C 4E 1 7 min. PCR P24 I 1% 35 ig b
5 Js FEL A

B 20 pL FHPE PCR P24 7F DCode™ System |-
AT A P B B BE IE FE 3K ( denatured gradient gel
electrophoresis, DGGE) 43#7 , &M e Hil 2514 . 6% 1Y
RINIEERI BE RS, 35% ~ 55% 1728 PR 70 6 i
HLUK S5 1120 V E I fH IR 60°C , I 1H] 12 h. HLK
5E58)5 K H SYBR Green 1( 3£ [E Invitrogen ) YL} 4
4,30 min, TEEERSIR RS TSI RERIE 315
E5 R H Quantity One 4. 6. 2 ZR{FESEF AR B $2 04
ANVKIE AR AT B IF AT 8T

TEEANE R G A TR JJH DGGE ik - H
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FR&HIR A 0.2 mL PCR 4 b, fdi JH K F
SASTEIIR TS, I 50 pL JCH# MiliQ /K J ¥ i it
WIS WL AR AR, -5 14 341F 1 907R 47
PCR 4. PCR VAR R (50 pl) #40 F 4H4r e &
Tag (5U-uL™"), 0.25 pL; 10 x Buffer ( Mg**
Plus), 5 pL; dNTP Mixture (4% 2.5 mmol-L7"), 4
pL; B4 DNA, 5 pL; 514 341F 5[4 907R, 45 1
pL; KB MiliQ 7K, 33.75 wL. P =gk sg b 5 =
A=Yy, P25 R 3E GenBank #E4T BLAST L
XF 48 R [FR T 5.
1.3 BEOGIRI4RE (FISH ) B XS4 B RE ) 40 By
1.3.1 OGN 2438 (FISH) /0t H 58 4 5 i
( CLSM) 73 A1 A= 1y s o R Ak B R 114 23 ) 93 A

DAFE AR HiE B 224 A 4 RS R 3 100
pm B K2 BEAS 24 A BRI 2 B M RDG & 135
b X SR 2, ot S PR IE A R TR T AR S5
AR REHRAE 400 pm LA E DR IETR EEX HE AT
YY) R 5 B R T FISH 2% 28 A1 SO 5. 78 J=
A Ia TR W, DT A S5 7 i S I A i) B 3 0
R HEMSEOR) (5 49 22 58 WS 1 72 i, F-f6f FH e
JEN 50% . 80% . 96% <. W E AT B E M K I,

A= R P BE) R RV R R WL e A, i
AL S 7E - 20°C MR N Yl R IR
50 wm, PIH B @ AEBE R b 2438 B 7E AR A i Ah B it
IRESE BN 2 L ¥ 100 ng- ™' (I ERENFI1 8
pL 2238, T 46°C 4238 3 h LA b, 7F 48°C ATk
JUh | 228 S 7 A . 2% 22 58 R KT A R
CLSM i,

1.3.2 PG 438 (FISH) /i 2 40 i 1% (FCM)
FOAR I TIFSDCA  JEE PN i A A 7 B Y A8 4k

FE 9 J3E S 7% 45 A8 AT B B R KRR e T, AT
A DRSO} I A S B — e 2 ) AR W, AT [
SR EE K AL PR |, #E - 20°C N IRAE.

FISH S5 H 43 51 BGE 12 A= 4 i A 04
it FH 8 7 A R AR AT 43 HCAL 3, T R 2 10°
mL'® B 100 pL BEE BSOS EERUE BN S pL
WeRE R 100 ng- L™ £ AT 185 pl 4 58 W 7
46°C LA S AE RO SRAF T 2428 3 h DL 1 7E 48C T
VEME 20 min DL . 2438 58 WS FE e oy AR fif
H FACSVANTAGE SE it =X 40 Mg A i 47 FCM 5l
G3HT.

A5 it IR BT #8 Z2 46 35 [ Thermal /23 ]

-20°C R URIRAE. A, HF A B FEREE, GnEk 1 R,
%1 FISH ZWATAR KRS EETHME
Table 1  Oligonucleotide probes used in FISH method
BEF 2 FR J¥31(5'-3") RSk FRicH KA/ nm
EUB338 GCT GCC TCC CGT AGG AGT K43 ZM i ( Domain bacteria) FITC 488
b e e _ . e .
NS0190 cGa 1cc cr6 crr e tee B BFRAALH (B-subgroup ammonia oxidizing Cy3 570
bacteria)

NIT3 CCT GTG CTC CAT GCT CCG WA ARER AL I ( Nitrobater spp. ) Cy5 650

1.4 Wk

K BENH, -N, NO,-N # # § o5 R H £
SEAL AACE B3 8y 73 Hr AX W 2€ , COD R I B %K
o v T A A TR BT ek e L IR R R
L BE#B K ] HACH Sens-ion6 % # 5 7 & X
W ; pH >k H 1% [ Satarious PB- 10 pH it
I

WEGE W I 1 5 F A2 W 25 A S AL 2% L 3
Dcode™ 3 [ %€ 28 ¥ M & 4% ( 3E [E Bio-Rad ),
Myecycler PCR 4% ( 3¢ [# Bio-Rad ) , Infinity- 3000 #¢
JBE A% 2 48 (% VILBER) , LSM 510 B304
B IS (5[ Carl Zeiss) , VCX130PB # /5
R ( 2 Sonics) , CM 3050 ¥ 7RV A HL (£ [
Leica) , FACSVANTAGE SE i =X 41 i1 {1 ( 25
BD).

2 HREH

2.1 WEAYEMEL T 2R

Ziat 3 S EBINE S, MEAEY A T2
WA 3h. BIR#ELSEIT T 185 d, fEBEA BT 2
W RO g A FEHEZK COD FEIE(E M 150, 250, 350
mg- L~ 1Y 3 DB L BRR A 80% 24T, T
B KL ASAE 3 ANBYBET X COD - 34 2B R AR 4
FETE 90% L) 1. 2 AR ittt K sh iy coD 1 25 Bk
TEBLAT AL 2 f7s.

A S g il 7K COD MR BETE 20 ~ 50 mg-L™'Z
E], B K 7K COD ¥R 10 ~30 mg-L~". 2 Ff
T ARG A Rets A A0 2 Br i 7K h COD, (9 A=
PrE Al S AL AR 1S T LB A il B T2 10% 1Y
COD ~F-¥ LR, 75 B i asth, # /K COD F 4
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Fig. 2 Removal of COD with operation time in the two

biological contact oxidation reactors

BRI LR, R s Z 51 3 AN asfT B B
X COD W ZBRF5M 81% . 83% F178% . i —
PUFA XX COD 1 25 BR #4300 12% | 8% il
18%.
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Fig.3 Removal of NH, -N in the two biological

contact oxidation reactors

R sh A SR £ X NH, -N A S 2 £ RN
30% ,B [V #5 H 44% , 2 Fh T 2% NH, -N i 25 [
R IESE AN i (H B EK TG Y vk BE A T
2 B T2 BN A AT NH, N 1 25 Bk 6 1 25 S5 08 ¥ 14
Ko A RINASFEIS TS — BB 50 B S =y
BOVINH, -NIF- 35 22 BR 25300 R 47.9% | 22.4% |
29.1% ,B JR N A FE X 3 AN B X NH, -N 93 F- 35 &
43435114 80. 3% . 81.0% . 88.1% .3 IHrEc B

FN w5 BB FE X NH, -N (9 5 L BRoR Him ik = T A
VA, I ELREE HEK 5 Y vk BE 3G, B SO 2
XINH, -NE) R BROCE Ao 8, A~ s 7 frp
KENH, -NRJFEE LB R A SN 2558 32% ~59%.
2.2 PCR-DGGE XA 9y BEvi # V8 1 Z Bt

FIH PCR-DGGE 43 #r T 2 # T. 20 3 X B
(A1 Bl B2) AW AR A a7k A b ik
B RS, 2 M T AT 4 s Beh 45 Diig
XA ) B 16S vDNA A FBE 6 Jise FiL 9k &5 1 G 1] 4

JIi7.
e BHB

BoWB BB

T SRy T . — e

Al Bl B2 Al Bl B Al Bl

4 2MEYEMEXTZERERETHREYE DGGE Eik
Fig. 4 DGGE-gel showing 16S rDNA community fingerprint
of the biofilm in the two biological contact oxidation reactors

at different operation time

A% T AL e RV g JE S A B X 2 A4
B g i AR WA AR ) e AR (A B 1B 1T
A (] 38 0, B s N g 7E 2 A X [R) 9 AR 9 B sk 2B
FREZW TR T A SN i KER 5392 47 I 1) A LR 4
AR A TR ) B &S VK 32 2 %0 U I e
XN 2 iR,

254 DGGE WDk ST A Hh i 1 ~5 5 4%
AE A B IX 2 AN AR A s AT I B s A 1,
1,2, 4 SRR AT R W PR AR, T 5-7
A Hydrogenophaga sp. DD8b | Fluviicola
taffensis strain  RW262 | Solitalea koreensis
R2A36-4 iR 7E)A S IFIRT 2 B Brs {7 # of
A il S UL, FEIE AT 5 BB R AL L. 8
~ 12 SA A B, 76 S 4 JR 3 38) 21 d 162 d
(1 3 A DX I) A AR AT AL B oz, (HAE 125 d i1 182 d
I, CZEA B S a TP IR, 7R A RO A R
JEALAT T T B

strain
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Table 2 BLAST results of DGGE band sequences
FpRAS KEE/bp AR R AR [ I % BIERLES HRIE B R

1 595 Zoogloea caeni strain EMB 43 99 Betaproteobacteria DQ413148. 1
2 593 Sphaerotilus sp. L19 99 Betaproteobacteria AB087568. 1
3 594 Beta proteobacterium OcN1 98 Betaproteobacteria AF331976. 1
4 583 Acidovorax defluvii strain R-31649 99 Betaproteobacteria AM943035. 1
5 590 Hydrogenophaga sp. DD8b 99 Burkholderiales HQ113382. 1
6 575 Fluviicola taffensis strain RW262 99 Flavobacteria AF493694. 2
7 576 Solitalea koreensts strain R2A36-4 92 Sphingobacteria EU787448. 1
8 582 Hydrogenophaga sp. EMB 75 99 Betaproteobacteria ; DQ413154. 1
9 574 Desulfovibrio sp. A2 93 Deltaproteobacteria AY770382. 1
10 580 Delta proteobacterium ZZ-1 94 Deltaproteobacteria HQ595726. 1
11 584 Chlorobium limicola 99 Chlorobia AM690805. 1
12 582 Lewinella cohaerens ATCC 23123T 92 Sphingobacteria ; AM295254. 1
13 579 Candidatus Nitrospira defluvii 99 Nitrospirae FP929003. 1

14 571 Nitrospira c¢f. moscoviensis SBR1024 99 Nitrospiraceae AF155153. 1
15 576 Rhodobacter azotoformans strain S6 96 Alphaproteobacteria ; FJ349558. 1

16 588 Desulfovibrio magneticus RS-1 99 Deltaproteobacteria AP010904. 1
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Fig. 5 Variation of microbial diversity index at different

operation stages in the two reactors
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Fig. 6 Nitrobacteria distribution in the aerobic biofilm of the one-step biological oxidation reactor
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Fig. 7 Nitrobacteria distribution in aerobic biofilm in the two-step biological oxidation process
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