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Effect of Dissolved Oxygen on Microbial Community in Simultaneous Removal of

Carbon, Nitrogen and Sulfur Process

YU Hao"**, CHEN Chuan"*, ZHANG Li"*, WANG Ai-jie'"’

(1. State Key Laboratory of Urban Water Resource and Environment, Harbin Institute of Technology, Harbin 150090, China; 2. School
of Municipal and Environmental Engineering, Harbin Institute of Technology, Harbin 150090, China; 3. School of Environmental
Science and Engineering, Liaoning Technical University, Fuxin 123000, China)

Abstract: In order to investigate the effect of dissolved oxygen (DO) on microbial community in simultaneous removal of carbon,
nitrogen and sulfur process and reveal the mechanism of high elemental sulfur conversion rate under aerobic condition, GeoChip was
employed to characterize the structure of microbial community. The results indicated that the microbial community structure significantly
changed with different aerobic conditions (P <0.001). Diversity indices of microbial community increased at relatively high DO level.
However, denitrifiers were greatly inhibited at this level due to the high sensitivity to DO. There was no significant change detected in
the abundance of sulfate-reducing bacteria ( SRB) with the changing DO. The relative abundance of sox gene showed significant

" and aeration rate of 0 mL-min~', which might suggest that the activity of sulfur-

difference between aeration rate of 20 mL+min "~
oxidizing bacteria (SOB) was obviously improved by DO. Moreover, cluster analysis of sox gene confirmed this suggestion, with higher
signal intensity found in numbers of probes derived from SOB under such aerobic conditions. Overall, the results revealed a positive
effect of micro-aerobic conditions on the simultaneous removal of carbon, nitrogen and sulfur process.

Key words: simultaneous removal of carbon, nitrogen and sulfur process; dissolved oxygen; functional gene array; microbial

community; cluster analysis
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WL KR DL B A R A iR B R 2
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fiE, 8 7 Vs fift S D) BE B RE 2 AL, AR T4
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11 SEOGEE SHRE A
ARSI R PSR AT Pl 5 B EGSB U £ , A
KRR 4.0 L, ERNIXERL0 L, [0 4% 6 s

100 em, N4E 50 mm. [ higs E8A 3 TR, 47
SRR IX | UUTE DXRN = 4H 43 15 X, 32 B X P 2
RETALIE RS , I H R A AR It T DA A
SR, A B TR E 28°C +1°C.

KN AR s Bk Ji45- B B a] (HRT) 4 36 h, i
KW 5 4L K W B S COD: 6000 mg-L™", SO~ .
2000 mg-L™", NO; :1000 mg-L~', NaHCO,:3 000
mg-L~' . K,HPO, - 3H,0;220.6 mg-L~', NH,CI:
573.2 mg-L_].

TZiafr 35 4 A B B HD . N B SR B
(A1) ,BESHE M 30 mL-min "' (A2) ,BES & N 20
mL-min "' (A3) ,B#SHE N 10 mL-min "' (A4) , B
BT SHMEHSRLE 1. T LB E—
A B S0 g is A7 SR R E R i 22 E 3 A
mn BN G T3 — 2D RS o, KR
A Y R OB 45 . TOC 4 B A K
TR A A R AR S Chen 25 By 5k E
TS
1.2 FEfh DNA $2EUS 2458

FEAFE SR B 250 WL JEKIRE W, A 625 pl
i) DNA $2 B (100 mmol-L~" Tris-HCl, pH 8) ,
100 mmol -L. "' EDTA ( pHS8 ) , 100 mmol - L ™" i it 2%

*1 EGSB KRNEEITHR

Table 1  Performance of EGSB bioreactor
BB gD JBATH[E] R A VoS i SR HEK U/ kg (m®-d) 7! EERF/ % SO FEfp R
e /d /mL+min "~ /mg-1"! NO; -N  SO:--S  TOC  NO; SO} TOC /%

Al a, b, c 1~18 0 — 0.62 1.82 6.5 99.6 96.1  34.0 26.2

A2 a, b, c 19 ~42 30 0.3~0.6 0. 60 1.86 6.5 627 98.9 419 48.7

A3 a, b, c 43 ~66 20 0.1~0.4 0.59 1.83 6.7 98.4 9.1 57.7 86. 8

A4 a, b, ¢ 67 ~88 10 0.1~0.2 0. 60 1.96 6.4 991 97.0 43.8 42.9
D)FHEa, b, ¢ BR—BITHM BN EZ LR
MW (pH 8),1.5 mol-L™" NaCl,1% CTAB. TEWRA ~ FEEFL BT 42°C T #7858 10 h. Z38 5 e

SO URRR 3 IS I BE AR ARSI 75 L ¥
J¥°4 20% SDS K Zhou 55" 1) )5 i 42 BL DNA.
3501 DNA ERFA L S pg HT2O6RRIE.
PRI B9 DNA A & thom A BE LS4 ( Invitrogen,
carlsbad ,CA, USA ) , 7£ 99. 9°C F 454 5 min J5 7 AP
BFUK ER A, IMA 2.5 uL dNTP IR 53,2 pL
Klenow [ ( Invitrogen, Carlsbad, CA, USA) 1 1 pL
Cy5 Dye ( GE Healthcare, Piscataway, NJ, USA), &
S)JEET 37C R R 3 h,65C T4 10 min £ 1F
RS2 R AT S W QIAquick 4l Ak ik ) &
(Qiagen, Valencia, CA,USA) #fifk TJ. 25822
HI, TR DNA SR 50 WL (192438 28 P i i it I 1
98°C N2 3 min  KEFEAR BT 65°C F iibE. 52

R e T8 )5 M ScanArray 500 ( PerkinElmer,
Boston, MA, USA) AL H# (JOK A5 5 AL 8
fH. 2222 H Y5 A J& GeoChip 3.0, H T 4 & 24
28 000~ 50-mer PR ZEAZ F 1R 3 P R 4T, 292 4> [
FIG A& ik R G Eh . pE R AU, & Jm it
LN SR IREEP LY 5 R
1.3 Ao

PR3 () %5 P8 AR 35 15 1 LE SNR (signal to noise
ratio) = ({5 T 1H - B R {H) /& FAH (bpiffi 2= =
2.0) SN0 5 A B AU RIS HTR TR
fE K 2% Michael Eisen ¥ 1) CLUSTER , #L KR 2Kk
HI TREEVIEW > B 3B 2R 1 1 J2 5 53 43 B
(‘principal component analysis, PCA) | 4= ¥ BEVE £
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KA PC2 R R T 18. 8% MY Wy Ik VK AR 5
T3 2553 Wt B A5 SRR B RS M2 ) 1 RO e
M PR T B9 4544 (adonis, P <0.001).

2.2 AR HE T RUZE YRR Z RS

R T WA PR Vs AL AN R A Sk B
TR ACAE I , X 45 dh 285 2 A A5 B A0 0 R B0
FEE I 2R (Simpson ) 17 4 -4 24 45 % ( Shannon-

PC1 (28.1%)

E1 MEYEENEEERER ST
Fig. 1 Principal component analysis (PCA) of microbial

communities based on functional genes detected

Weaver, H') JEATPEAG. 2 2 n] DL A6 ) 3] 1) S5k
PRI, 5 2R di8 B50OR 7 AR -4k 290 45 $50F A W) 19
RSN 30 mLemin ' (A2) > IR (A1) > B
SN 20 mLemin™' (A3) > B & K 10
mL-min "' (A4). Hirbr A2 FE SRS I 3 B 3 B BCR
FERIGES A3, A4 B 2 B
e -HENFE ARG Z 22 AN B 2. TR X Fh
P IR R AT RE S t X RS T I S B R R
BRI T EB 53 A B A IR AR W T A
R AT DRI R e v IR R SR B s A
Yy s v (75 3 28 ol 2k W0 78 BN s PN PR R b A
BT AR A Y e SR Z RS .
Jei , Bl A A D /D 3 SR A ) 1 A K A2 BT
il , B VR 2 PR T R

F2 HERPENINNEERES SRR

Table 2 Detected gene numbers and diversity indexes based on GeoChip data

YE|

R CPIME = prvfi s )V

Al A3 A4
o 0 1) ) 35 PR 4 1333 +58. 60 ab 1475 £56.77 a 1120 +19. 64 be 994 £55.59 ¢
Simpson’s(1/D) 760. 80 +37. 20 ab 881.99 £24.57 a 556.67 +21.83 b 498.07 +99.48 b
Shannon-Weaver( H') 6.95+0.04 a 7.08 £0.03 a 6.76 £0.02 a 6.60 £0.09 a

D) Al—FF AR FRERRIET a =0. 05 BEKFRY LSD Kdhsh B

2.3 NIRRT B AR A e R G R A
JE FR) 5]
2.3.1  RABAEER R by

B A A 35 A PR #h 38 L, i PR #h 34 I, NO
B JEATN,O SR JIX 4 ASEE AR 200l 4 RPN R Y
i fEE AL S8 AR RSN 35X 4 R 5 > 5 B TR 4
fith G 3 A X S A ) DA ST G Ml 1 e S A AL R R
LS A E YRR Y Sh 2. AR R0 S il
H narG FER gt HE PO AR R NO, A2 ik

NO, . WEAHFRERIA B Cu 0V il iR £ 148 Jir it A 41
ML ER cdl RNV Al I 55 140 i it 79 o il 44 £ 5¢ B, 43
S nirS 1 nirK 3£ 95, norB 3 KA nosZ A
1 gtk NO i85 5 N,O i J5 i) — A AL Ak )5
it A 424 IV R SR

JNE A 4 /B BERE f b i A A3 PR 3 DL TR
2. A2 R TR SO AR SR A R R I K T
Al A3 A4 IFES. 1LSD IR p 4 I A2 4t
mn AL, A3 A4 HEEMARLE  narG JEH | nirk/S 3
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PRI %) = 8 AT 52 i) 5 il A it % v il 9 5 B, DA T -5
HURK NO; EERFTRE(R D). BRBIEZE,
S A A PR 8 = B S Tl 1) 15 PR 5 NO, BB
SRS B i K-
2.3.2 dsr FEH Y sox SEPIRNT 2 B 43 H

PR IR £L 5+ AL i ( dissimilatory sulfite reductase,
dsr) J& B R 1R 18 5 TA ( sulfate-reducing bacteria,
SRB) /& N E 2 (Wl , 25 A B IR £h I It i 7 e ¢
PRSP dsrA B dsrB BRI GRS, IR 3E i ST
dsr FER B4R o] DL sy SRB BOh 7. dsrA/B &
) F EEAF RS T i ikin, 2R A 0%
(F3). 8% K SRB J& ™ i IR S 40 1, {H
Mogensen 25" 3% 224 120 h B V5 6 5L 4
B 1 Bk SRB, IEW] AT — 28 SRB Al LA 4, 1 5K /)N
AP b i 5T & BE SRB AET %2 — 2 W A
fil AL AN SR Y 45 SRR I — 7 TR R BV A SR i R
TR ALBR T2 SRB AT MR A W1 5 4 il 4 1.

sox SN EAE THRE LW E ( sulfur-oxidizing
bacteria, SOB) &P, duf i 2 4 A fb o #2 ke i Ak
YEFIWIRE. 76 4 ZURES T AL IR sox FERI =
B, A3 LR 1 E B Sy, BT IR Y 22 5 1 3
M AL, A2 F1 A4 HAEGZ B 22 R A%, Chen
SR MG B AL T Z00E S Ve rh i v 1 R A
H7 , WF58 & B R TE U AR 1 T AL A 1 1 1

OAl EA2 A3 EA4

H— LS E il
£
T

e
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e

dsrAlB SOX
3 dsr ERA S sox EREXEE

Fig. 3 Relative abundance of dsr and sox genes

Rl . 183 RGRIE— D UER T ) DRSSO A
ML AV A RIS 5 SOB (3 M, JE R 38 111
VA S8 (W<t 20 mL-min ™) AT LABRCOK I SOB
AT VB R B R R AL (R 1)
2.4 AR N IIREHL Y R0
2.4.1  sox FEI RIS

FE LS 1Y sox KPR SRS 43 B 73 UG 1~
FECE 4). 5 1 BRI TR N 3, 55 2
SR LEAE A R A b o A ) A D 2 B9 4 =
MRS, o R A P A S . R AE A3 A
DSM 271. Chlorobium
tepidum TLS F1 Chlorobium chlorochromatii CaD3 %}
AN Z ) 15 (B 8 v 1 LAl 2 R o, R T B AT A
ZHT B AR R . B AT, AR 3 bR
AR RE P AL B AL A R TR L 4 g5
W 0 VA A AR T LAAT R RS 1 R RE TP Y
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