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Effect of DO and Aeration/Non-aeration Ratio on the Microbial Community

Structure in One-Step SBBR Completely Autotrophic Nitrogen Removal Process
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China)

Abstract: To analyze the effect of DO and aeration/non-aeration ratio on the microbial community structure, active sludge and biofilm samples
were taken from the SBBR one-step completely autotrophic nitrogen removal reactor under different DO concentrations and aeration/non-aeration
ratios. By PCR-DGGE and bands statistical analyses, results show that through one and a half year of operation, the microbial community
structures in this system has changed a lot compared with the inoculum. The bacterial richness values of biofilm are higher than active sludge
in 2 h:2 h aeration/non-aeration ratio> no matter when moderate, high and low DO concentration. When this system is operated under the most
efficient condition: DO = 2.0Caeration) mg/L,0.4(non-aeration) mg/L, the bacterial richness values are the highest. There are about 14 and
10 bands in the biofilm and active sludge samples respectively. The diversities of bacterium and their co-metabolisms are the key factors of
maintaining a high operate efficiency. In addition, the aeration/non-aeration ratio also has the influence on the microbial community structure .
Under long aeration/non-aeration ratio of 3 h:5 hs microbial community structure of biofilm is similar with active sludge. The comparability is
100% . The activities of aerobic and anaerobic bacterium have lost much that makes low efficiency of this system although they could survive
both in active sludge and biofilm.
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~0.7 mg/LIN, BB AL 90% LA L, HIK LA A
BN A IR LIRS DO 4 0.2 ~ 0.3 mg/LI, 2 A
AL R I 54.6% . 77 75 S50 0 3 42 15 ) RS
AR HEAFRRA T Z T KM, DO N 0.8 ~1.0
mg/L, ELR TR G I A B AR R W L R
AL 2] 80% 1 70% . DO A (HES)D2.0 ~ 2.5/Cf5 1D
0.2~ 0.4 mg/L, BE/MF LR 2 h:2 h ) R 48 WL 3|
90% F1 80% LA L . Hao 2555 %t CANON % 7. f) #2455
BRI, R BRI T AT LA N TR 2 o/l ed), i
f&% 30°C, DO ¥R 1.3 mg/L, TN HI L BR#N 82% . X
LR BA BT TR A SRR T s 2
BTG ARG T RGN AR U& 540 5 I N
P M 3 2 R OGPk IE 9 1 S5 R AL, 1 4 PR
H 7% AU 7 LR AT i 2 0 B PR OB IE 0 e SR A
I, FCBE LA W0

AT G AN [F) 35 il A 7K ST B W 45 LU 4 A R 1Y
SBBR 4% H % i 50 BV 4 R AL TG TS Ve A )
JEERE i, B2 US4 0 DNA, 7738 H H bR 16S rDNA
BT 1) 168 1DNA HE4T PCR-DGGE. R 4L 5
B A gevt o3 B, WE9T DO SR A5 X B g 1 FR
BRGNP RER S5 8 1) 52 e, g HexE 55k is
PRV Y5 A2 WD R it 18] 1) AH OGP, 2R3 SBBR J
A AR A B 2 S, IR AE ) £ B Dk B
H 5 A L2 1 2 I Tl R A R AR B

1 #MR5E7AE

1.1 RI L E L5

SR QR kWA Sk 7 bl b A BN NI TR
JE DK I R 5 7K A B ) R St R R KA K AR BRI
A, e M B2 CLL VSS T R 3.8 o/L. iR
A5 B A O BRIURE B R A A SRR DL A B A P
FERES AERSE N 30°CpH A 8.0 ZEATIIAAE R,
AN LA el B R K AT 8 8 55 72 FYIE . & %
B IK A A U IS, NH,HCO, ¥ &% 8 100 ~ 300
mg/L> LA N:P A 10: 1 1) Fl A7) I N 09 12 6 22 vh s il
TIIMIMAN Fes Mg 2555 0 3, L NaHCO, 715 ¥ )
pH 1H.

1.2 FEaE&

% SBBR .25 H 7 I U N 2535 1 V5 Ve A A
SN2 R BCJE K VR A 9 10 mL, 1710 000 1/ min i
AL 5 min, ¥ B OV E T - 20°C UKFR LR AT, £F
DNA FEIE . AP I5EAT i B E 3R 40 P AS [R] 38 B 2
JKAPRE B R 25 00 BR BEURE S B0 2 5 SRk, H G 1A Rl
FTE B B IO AP IEAT S 5 % T 100 mL B R KH,

. N
131 =]

[FF£10 000 r/min = 3 250 5 min, ¥ 2075 & T
— 20°CUKAR LR AT, 1iF DNA $2HC. e P ys e A i 1 &
G5 12 B i IR YR G, B % 250 V5 Y AR T - 70°C
TRAE.

1.3 DNA 2

K B A YA R A T K717 PB4
DNA $& U ) S U i DNA S 005 1) DNA FF 5
H0.7%5HNEWECF 0.5 pg/mLIJRA SBEH WO H
7K BIO-RAD Versa Doc 24t AH .

[ I B 1 I DNA AE 5 B 50 £i% )5 il ot
BECKMAN COULTER DU640 % 4t #F47 5& &=l 52, v
HAKXMNIDNAT = 50 x (Dagy — Dy (ng/ul) s HRHE
ANTTHE DNA AR
1.4 PCR ¥ #Y

KA PCR 38 51 H T-40 5 16S xDNA V3 1) v
Wy B4 . RS9 A 57-CGCCCGCCGCGCGE
GGCGGGLGGGGCGGGGGCACGGGGGGCCCCATACG
GGAGGCAGCAG-3'» 5'-ATTACCGCGGCTGCTGG-3" .
Hrp“Ge J 7% N 54 DGGE it

PCR SR H] 30l B S N AR &R, 25 4 03 89K
FE 4 9 H: PCR buffer ( AN & Mg2+ )1 x; Mg2+ 2
mmol/L; 4 F JIit 4 #% 1 1R CANTP) MR &9 0.2
mmol/L; 1 RIS #% 0.2 pmol/L; Tag B 0.5 Us
B DNA 20 ~ 50 ng: 55 1 MilliQ 7K % 30 pl.

P38 [ N AE BIO-RAD A 7] [ iCycler Thermal
Cycler T REAT, HARBAT W R 2 04°C, AL VE 5
min; 94°C, 2V 45 s. 60°CHVE 45 sv 2°CLE{H 90 s,
3L 30 MEFE; 72°CLEAH 10 min.

IREG T PCR 5190 9598 28 W] 5 1, Tag 1 PCR
buffers Mg®* A dNTPs H R A2 w] &4t PCR 97 34 7~
Y 2% MIEEREBE 5 0.5 pg/mLIIRAL 88300 Tk
Ji HL AR 7 5 BIO-RAD Versa Doc 540 2251 HEAH .
1.5 DGGE HER HLUk S 2 FE0E 7 #r

DGGE T X %% 4 Dcode TMU niversal Mutation
Detection System (U.S. A, Bio-Rad Co.).DGGE HL¥K It
PRI BE Ay 8 9 C T 8 534, TR M TR e = %L T s Tk
e =37.5: 1. VR BEIE A 35% ~ 50% (100% (1)
AT G T mol/LIK IR 2 A 409% 1) 2 851 WL
1, LRERR 30 pl PCR 79 384T %A1 0 15 0.25
x TBE HL¥K 2% M 5 60°C 2% A1 1, 200 V 1247 20
min, 85 75 VIZAT 15 h, HIKE RS, H 0.5 pg/ml
(IRAL ZEE SR 20 min, 20 25 1 7K 2 WK, 3R
J5 7E BIO-RAD Versa Doc IMAGING SYSTEM % 4t P4 Wi
S vk 45 IR OIF AL P 43 B & K BIO-RAD
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QUANTITY ONE # AT 3047 A3,

N T AN R PR B2 SR I R N R )
B, X DGGE 4kt BB HEAT T 4evk o0 M AH G
SIAT BN R DO T 41 R R R AR BL T L 2
St Z B TAHALYE 2207 LA Sorenson FC X EE 5 AH
U R B CHARE- 5

Csys = 2L/CL, + L) x 100 (1
X, Csp HIKIE A FIVKIE B 2 18] AR AP R 5K
Ly NUKIE A RS 80E B A7 B A [ R 4% 3
L, AVKIE A L4EG L, AVKIE B L&,

AN TRIRE it PR 00 8 A = A FH AR i 11 4%ty

H g DAl o (R S A T R O

Rs; = L/L; (2)
o, Rs, AER § VKO8 IO 40 B AR A L, AR
i VKB B4R Ly A B T 8 4 Rl — A7
B4 0140,

2 HR5R

2.1 SBBR .4 HFE M A% N As 121715 L

AGRIE N SBBR % M. A%, R A 1)k 7K 77 5K
IBAT B IR IK 2 I, BRI K A 8 s A AR IR
172, /K G PTUE Ja 15 P8 [FIAL &2 s V4 1, HRT 24 48
h. DART 45 R B, (Rl e <Oy U5 1B SR AT L,
WA 25 T3 S [ R R I R N ER B A
AFF UL K T s = 77 XA R e 0 U e v L
N2 EIBAT T, IRFF SOV 28 pH {H 8.0+ 0.2, 7K
i 30°C +2°C, LA RIS 2 s I S 4R AR, il i 1
W5 DO W E e B A5 LT R G I & T

ARG 3 2 TN A, 56T S R g4

EL 46 2E R R R SR KT 6 R G A VR 45 /I T
M R BN SE KT R A B AT A B
TR S B PRFEZ O A SR A AL, 1 s
LU )1, 40k 82 2% 552 A [R) 35 it S0 7K P AN ) IR 45 L 4 1
N AT R G R PR T AR AR A A
T ARSI 2 I 2 b H KK, 4 R SR N R
12 T SR B AR — i AKCE AN RIS I T A K
RYULBNZIEHN A T AR IRAS | I 43 Sl $2 B
SN 28 R P Y e S AR IR A PCR-DGGE 73
BT FE A B Y. DO KRR GEis AT A RE w3k 1
Jis.
F1 HSEB R DO.BE LK EMRAEETHEE"
Table 1 ~ Comparison of the different sludge samples

B DO HWRE BRE

5 .
gyig ALY e R e e
A0 MG

Al L 1L 3EPEVSJEAERY 2.0/0.4 2h:2h 100 80
A2 LB 1, A PTERE

A3 L2, W MEVS VAR R 2.5/0.4 2h:2h 90 60
A4 O 2, D IGAE

A5 L3, 3PV URAERY 1.0/0.2 2h:2h 77 56
A6 LI 3, A PIIELRE b

A7 L4, 3G VAR 2.0/0.4 3 h:5h 76 62

A8 LI 4, FEMIEAEE

DO /75 i 43 AR B I O 3 1 DO A< BE N F) B 1K DO

2.2 DNA F#2H0 PCR ¥ 14

FER 415 DNA BENEBE vk 45 R an & 1 ) o,
FrWE KN 23 kb 247 Doyl Doy YI1E 1.8 BT, 5
A RNA S H 1 B e/ HOAE ik B2 82 . PCR
P2 L 1), 36t 1) DNA J Kok 230
~ 240 bp, IESEN 16S rDNA V3 X R 52 F 7

(a)™' Marker 4 ADNAPHind [Il, FAf% 3 uL, DNA £ EFER 1 pL (b)) Marker 24 DL 2000, FAE# 3 uL, PCR 79 FAE = 3 L
El1 DNA(a)X PCR ¥ 1 =4) (b) IxBE 8 5 AL FR Ik B 1L
Fig.1 Map of DNA (a) and PCR products (h) after agarose gel electrophoresis
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2,
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3 BRBEFRARZHEDNREE DGGE 21

Bl 2() BoR T TOLAAPE TR, Sgh A 77 A
GG TS e XA YIEFE i DGGE WA 45 3 . DGGE
B 457 1) 22 5 ] DA 28 40 vh 4k AR P P B 1)
SRR R, [ A i R — PR R A, 4t
2, R R GRS MR Y, B 2 Tk

Al Al

A2 A3 A4 A5 A6 AT AR

(a) PCR 41 DGGE #/ ik B 1% (35% ~ 50% > 75 V, 15 h)

FL— G A, G5 IO WS R LA T DU S ki 4
TR B AR 5 ) T 4 e AR AT R 2 . M
20 A LU Y, A0 A B B 2 TILEREAR.
HEERG I CAO M L, BUE I8 AT (1 28 H IR IR &
LN E IR S5 R 2 R B T BORAR A, W]
FRLZ TR i U N R A ) (R £ R AR AL
ATl B, RGO L

Al A2 A3 A4 A5 A6 AT AR
l e —_— e — —
__2 —_— pa—
3 - . —h—s ———— —_——
__4 ——y PEES 255 ——
5 S S —— o —

__6 —_— e——— R E—! Wpep— F—
Tl e | | ——— ——
8 o —yy R 'W—

T e T e c— — — s e

) = T s S ) S U [
13T, 0= e e el e e e [
15 - et e e — — — —— ——
16 - —

17 + _
18 A —— — — — —— ——

(b)PCR-DGGE P& I 4% it 43 A FVAF X 3 5 7R 7

2 PCR7=41# DGGE Eli& & H3aE 547
Fig.2 DGGE gel of PCR products and its sketch map

DN TR R A L2 R I B s IR Bl
AL, X DGGE 4%t B BEAT T e vk 70 i, A5 FE i)

EANF] DO K Mg 457 EE A2 1 2 B0 A1 40 i i (10 AT
RN L Gt M 4R 0 Wi 238 3 s

R2 TFE DO RBEE KT T &4 MBI RERE

Table 2 Comparability index of bacterial population under different DO concentration and aeration/non-aeration ratio

Al A2 A3 A4 A5 A6 A7 A8

Al 100

A2 58.3 100

A3 88.9 54.5 100

A4 87.0 81.5 76.2 100

A5 88.9 45.5 75.0 76.2 100

A6 78.3 66.7 66.7 84.6 76.2 100

A7 90.0 50.0 77.8 78.3 77.8 78.3 100

A8 90.0 50.0 77.8 78.3 71.8 78.3 100.0 100

®3 TEDORBEHKFTEERHENHEFEZEER)
Table 3 Richness value ( Rs) of bacterial community under different DO concentration and aeration/non-aeration ratio

fitn Al A2 A3 A4 AS A6 A7 A8
Gt 10 14 8 13 8 13 10 10
Rg 0.556 0.778 0.444 0.722 0.444 0.722 0.556 0.556

3.1 MFEBELARE DO K &M T REMAEY
REVE G5k 3 AT

T T0 2 K T 3 AR Rl fs2 LE 4 2F R (2
h:2 W3 PR T8, 3 HIAREER T H iRk B ik &
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MR B iR 4K L R 2 al L, AR 240 DO K
AT MRS NIRRT S5 i B A — e
AHALPE CFE il AL ~ A6, FHAUPEAEAE 54.5% ~ 88.9%
Z ] A R AR AR BT 1R AR P A oy 5 9% v U
FE SR D) B 45 K Z T AFAE B o 22 57, 3 B T
AL AR 23 A 58.3%  76.2% F1 76.2% . I\
F3pn Llgk— 2 F H, BTN 2 h:2 h X
3PPLBLE AW Ak A P R T R Y I
TE ST .

H A, 2% T g [ 78 I Z L] B U A7 413
ZHM RN, R H TR ARG, R 58
BRI LA A IR A AR, B BLAE
NO; N34k, JE R A NH, Btk N i R
S A0 TR T — ™A 1) IR AR B, R LR IR R
BN A BRI A i T RGN A
IREET, A3 20 A FR B R N2 B LT 8 &
HRMWAEDX R, A M £ R IEZ XA X
FH S B A AR LA P R A FH R 45 3
Tk AP () AF LA FH AH 2, #4 R—NFE [
ERRG, RUE SR AR R (9 1E 3 2T A
TIF5T SBBR X V. 7 » A= 400 i vl LA e /S 1 A2 2
R, H AN W% O DO 13E N AN ), 78 A=) i
R 1n) A P AR AR, A8 A DO 328 B, i
g R A AL RS B DO 41

T4 1(DO = 2.0 mg/L) H A7 $ a2 UG AH 23 A
SR FBRE, 43908 1009% F1 809% . X 4 2 B v]
DL 8 L0 1 40F T TGRS e 5 AR W IR 5 4%
5 AR AL B AR, A 22 S PR B R, U AE % Tl 4 A
NI R R WA A AR O A R N
FRAN BRI A S AR B0 T R L IR L A
IYATAEIG P58 B AR W) ISR 2%, i e 1 DR A 8 IR
A U R) FH 5 e S e AR D B A )38 J 2 Y A o AT A 3L
P2 23 IAE 5 TV [ B 5 9 5 i ) AR I 7
R G BB s TR R . AR 3 Wl LU 1
W RETE S AT S TS v VA S S S T
FE b AH L, 30 AR WD ISERE it 5 AR DA it AR EE , #R LG
HoAth 2 Fh DO KT, % 00 F RS0 P R
FE.

T 2 BAT B s i A B2 (DO = 2.5 mg/L),
AR T U R A AT 1 AR A7, R 1% T o041 R
RRMEFEARE T 1 AHIF AR RS, il L
TEF 909% . 1y 4% JE A BE B (0 R RE, gk H B
R G A B B D AR B ) ) 56 R R AR I
Pl B 1 DO T ZR 48 A 8 4 e vk DR AR T R R

SR P AEAIAE L S R Ie AT ARE, BT DUEB A
LR TN 1 AP N, A 60% . % 100K, b
HRRAEE 0 T, 3oy e IR TF AR 28T, 41
TEAE WIS N 1) A o fie g A 328 3 o e, > LA 2 DU
AN JE R DR A I, DR AR B AU AL B T M
9, S R R T B2 TH R R AR Y
M E A T %, 2 W EWAILTE R is AT
RLRE PR BT A T80 2 IR 45 B T 0k 1.
X P 2 H PCR-DGGE P 1% [ 4% 1y 73 A FHAH AT 52 55
AN T 134 14 FTARRIGE Y, 1A
SR FE A N IRE PRV Ve AE b AN REAE TR, 1% 40 B
AXBEAE AR RV A SR B N A B A A7, IR
AR RAREA

T3 T A AR FE AR (DO = 1.0 mg/L) . Hi
THREARRERG P AMNE B —ANUF
UL RR, DT AR AR A E R FE AT N, s A 4k
FEHT 2 B LU A&, R 77% , #0501 40 8
TETZRAR AR E AN BE R I B U 35 1, BT LA R
YA B AR R AR T e T CEd DR
Fhn, T3 5 00 2 AT, SVECE R R ZE A
Ky 53k 56% F1 60% . B TE DO = 1.0 mg/LIK
WA T, BRI A S S A B 05 1 52 2030
R IR AR S AT R 05 P T 3 ik, ] DR A SR AR 1
NO, 1EAHLT 244, R4 NH, 446k N, . Bl
7 1 AR I A WA B AR A8 70 A2 () P 055 1L 56 F 2
AR, Nk — B A 2 A A
3.2 A DO KA R B 45 LN R G AE e TR
AL s

R RGBT AR R LU C L DN B,
TRFF1Z T OUI) LA 45 1R AN AR, 4% 28 25 52 11 AH 7] 4 il
KPS AR L 45 A N B 4 B 97 AL &R G 1)l
ERETR SRR LU 4, FE ATA8).

W3 2 AT, 00 4 64 (BR 5L 3 hes b, 2
WIRGEAE it 5 35 R V5 YR b A P A U 5 4 < [R) 2 S
PEE T 1R 2 he2 WA ELARST DN, FE A A7
MU A8 2 Ta) i T 30 43 4% ity 1) WY I A2 FEE R A7 AN () 4
gy I AL B AR LT 8 4 — B0 AHAUE(E
100.0% . N 3 7] LAtk — 2 5, AW B il 2 ) 1
W E R T4 46, AR LR DO K440 K
TR b ey TR U . U B R L PR g H R A
RN LY REVR 45 0 A AT AR ), JC H AR
TEZR L0 NI PTG VR AE S 5 A WD RE S R AR L |
FH IR R AR KT AN ) 52 LL 3 s L TR IR R 8
WAEYIBER SR IR 2 H A T EA LT 2
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B 30 %

K@ L0 4 AT, BB A BRI A 2 A K, B —
JAMASY K 3 h AL 5 h AEIZSAE T, R BEN
FF A AT LA SR A ) s L (1) 4% 5T BEL 5 ¥ 08 2 AEY)
HEE P 2, R B A A AR IS P T A A7 B T B AR A
Bi s MAE 4RI Berb, ol 14 S E A ) A A R i R
TN b5 h A5 g, AT S R VG e A AR AR )2
AR T PRAVIRAS , 3 70 DR 4 B sl afe M DR A0 TR ] BLAE
TRV U T AAE  ANTR OB A P N TP DO
ARk 0y It PRAR IR | 3K — gt DAL i 7 i MV
Ve it 5 AR D IBEAY: it 2 1) 5l A P 45 A AH AR, e
WU A B B R A B S e AR 2 RPN TR S e B KR AR
15: @ L0 4 5488, 35 PV U8 A7 AL 58 20 AR
A5 AL oA A Rk B PR A SE R L, AR T
PR e R I 4L TR A AR I 1R DR AR AR AR RIR
KRR AT I, [RIFESS 75 2R w2 K
(R v I ), A 2 4 TR A B A I BRI B2 3508 0 B 4T
PR 58 BIE I AR AR i S IR A TR DU 57 Rt I () P &2
53 PDRARS PR AT EAT DR A A BT LA 3 R
LB A P BV = BB T AMIE, 3 1R e K
AEWIERE i h YA 10 B OCF B

BAR T4 54 F, RENMEDREE £ &
5 THl 1 A ZERIA KR, RENIARZ DIRER,
{HEF3Z% To0 R s G Ve S AW R o 354 30 43 I B
AN T e 4 T 0 DR AR R A S T RACA: 40 1 3 12
HeA R, I AE RGN 2 IS AT 2 he B2 W 2
T 1l LU, L8 AH [ Ad 4K i AN [ B 452 LE 4%
PR, T80 1 2 A AL 2R B2 B 4y 0l v] LLIA
224 100% A1 80% » T L3 4 A 769%F1 62% . 45 1
AR B A L0 4 500 N A B s v, iy 2
~ 5 AR B TIAE D JC VR AE 15 M5 8 38 A& A2 ) JEEAY: i
TR R A T 2 ~ 4 KA AT 3 R O
IR S rh B, 0K 3 PPl AR Rl B R4
HR AR DT e R AR R A I R BT RE B, At — 2D i
75143 H1 AR i SLR0 i 5% 5R . AT LG 3 o R 452 L o) ik
WV SR I AR AR AT R GE IS AT A RE L kR
TIRRAEN.

3 it

(1D &I a3 I FE 84T 1.5 a J5, SBBR
LG B IR IR R G N R R VR A R S RS e AR
b e AR 1 ] HUR A8 AN R AR A K R AR 45
FEAR A RGE N TR VB Uk 45 0 AT — @ AR,
FF it 18] B AH AL ABLAE 54.5% ~ 100.0% Y .

(2) TEMEELE 2 he2 h AR AE T, ik 3 Ff

VR UK TR L R A A v A W R T

TR e, AN T AE A B 1] AP AR A

A AR A R B HA B RGBT AL

RESe 00T AR v A 1 P e v » B

BE0F DRAETAT PR AR 7™ 2 400 ], i AL Vi 20K 52

D SV PR L B P 1 22 A S AR TP R A I

LY BRI A RS B s T AR —

NRBERER
(3) Mg f5 BEX 2 8 5% I 8 3R G T A i &5

AT R FE M . AEAH R AR 87K P R IR LE Y 2 e

2 h I RGEHA B I AT AR, AR A 0

Vi e 55 A MR i 22 573 R K 25 R E W AE % B

T AL N P R SE R SRR R AL T 3 heS h

(B I J Y] 3% k9 Y 55 25 0 R ol 26 0 A1 ke

PO, BAERRANE AT PV Y 5 AP i b 2 g

7> HAT L5 S b I i) 2B 03 1 (B A S b

T SRR A B RS YR A B, A R SBT3

REFFAIG.
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