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Effect of Dissolved Oxygen on Diversity of Ammonia-Oxidizing Microorganisms
in Enrichment Culture from Estuarine Wetland Surface Sediments and

Ammonia-oxidizing Rate

QIU Zhao-zheng"* | LUO Zhuan-xi', ZHAO Yan-ling’, YAN Chang-zhou'

(1. Key Laboratory of Urban Environment and Health, Institute of Urban Environment, Chinese Academy of Sciences, Xiamen
361021, China; 2. Department of Bioengineering and Biotechnology, Huaqiao University, Xiamen 361021, China)

Abstract: Dissolved oxygen (DO) is one of the important environmental factors influencing the ammonia oxidation process. In order to
examine the effects of DO on ammonia oxidation process and its potential mechanisms, surface sediments from Jiulong River Estuarine
Wetland were collected and cultured to obtain enrichment cultures. Then the enrichment cultures were inoculated under different levels
of DO, and the diversity of ammonia-oxidizing microorganisms was analyzed using PCR-DGGE technique to determine the effect of DO
on the ammonia oxidation rate and the ammonia-oxidizing microorganism diversity. Results showed that the Shannon index was 2. 00
and 2. 05 for ammonia-oxidizing bacteria ( AOB) under saturated and aerobic conditions, respectively, and the values were 2.49
(saturated) and 2. 03 (aerobic) for ammonia-oxidizing archaea (AOA). However, this index was 1.76 and 1.80 for AOB under
hypoxia and anaerobic condition, and 1.27 and 2.21 for AOA. Under saturated and aerobic conditions ( higher DO level ) , the
ammonia-oxidizing rates were 14.20 mg- (L-d) ~" and 13.36 mg:(L-d) ' and the related conversation rates of NH," -N were 93. 8%
and 88.2% , respectively. In comparison, under hypoxia and anaerobic conditions (lower DO level) , the ammonia-oxidizing rates were
7.82 mg-(L-d) " and 5. 66 mg-(L-d) "' and the related conversation rates of NH, -N were 51. 7% and 37.4% , respectively. The
correlation analysis showed that DO concentration was highly significantly positively correlated with the ammonia oxidation rate, and was
significantly positively correlated with the AOB diversity index; DO and ammonia oxidation rate had no correlation with indices of AOA
community.

Key words : dissolved oxygen; ammonia-oxidizing microorganism; community structure; ammonia oxidization; PCR-DGGE
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1 #B5EFEE

1.1 UURRYIRAE

FKEZUUFRPIFES (0 ~ 1 em, 25 100 g) T 2011 4E
3H 9 H A JUJE I L0 AR [ 3 E S B O AR
(Kandelia candel ) ] ¥} {4 37 [X ( N24° 26 43.5",
E117°54'28. 4") RAE. AL DT i 7K — K 9 3
WIREIMEE . BRI 3 AT, A TR A A
BT FEUKE TR IR 5 4 3 S % - 20C
RAFFEE R
1.2 ZAMERE LR

e W E R AN S = S WP S
T B KR BE 5758 05 %6 T KR 1) 250 mL = A
H AR 100 mL. 43R O. 1 g fRARR LR 54 7%
A B TUR Y 0 BOT B E T IR
WK A T E R SR A 26°C LR R, B
KRR ARG 2 d B = AT Eh 3R S% 1 min A2 4T,
R EBUIE TR BT TR, it 6 iYL
140 d3fi 5%, 245 8 2 A AR &= LR F2 Y, 4 e s

F1 SEUMEVERERE

Table 1  Enrichment medium of ammonia-oxidizing microorganisms
mH (NH,),S0, CaCO, K,HPO, -3H,0 NaCl MgSO, -7H, 0 FeSO, -7H,0 R
/g 1. 000 5. 000 0.750 0. 300 0.030 0.030 1000 mL

FEPILA 12 9 1) LA 42 A5 i 1) 2 S A TR s A 8 5
B WY KRR A F L E S RN T
K.
1.3 R[AESESIE T 28R iR

TELHENET 4% 50 mL KR AL E 5 &
R 2004 3] 150 mL =AM, A 5 mL _EiRFh
THEFY). 38 A Lk U 23 KA 99. 99% 1Y
RV, AT A IR R T AR TE B TR A N
DO W (EAFREMN A R AT AL 4 1> DO WREE 1l
(DO >8.2 mg-L™",B); &5 (5 mg-L™' <DO <7
mg-L™" H); B (2 mg-L™' <DO <4 mg-L™",Q);
JRA(DO <1 mg-L~")Y) , 54 DO HE A 6 Mk
PRAARE AR R B SEI0 2, BN 2 AN FAT. B8
FRARIG > 6 YHURE (BURERT )y 8 h, 2 d 3 d 4 d,
7d,14d). £0.22 pm BERIEBCER SR AT EIEY)
FEROIEHGE T —20°C FRAE, FFiki.
1.4 B53R3Erp 3 FhOCHLAE A E

K 3% B2 3 1 33 53 AT ( LACHAT QC8500)
e K 72 3 3 B JEAHLAS & (NH, -N, NO; -N,
NO, -N) Mk . T LK P NO, -NAY & R >

H WA ALNO, -N, I & AL e 1k B & LA NO,
i1, Bl :NO_-N =NO; -N + NO, -N""""J
1.5 JL[F4 DNA 3R

JEAE R AL TUR B 6 YR IBURE BT A5 31 (1 4 7
FEUERR I AR B 3715 2 0 8 E W HE R 41 DNA R
Omega +3EH2 LA & (D5625-1) #4782 I, i 4
TR I B U B A R ERURE S B L R4 DNA ]
JH Hi Bind DNA %5 G H: 5 i $ DNA #E 474l 46 H- 1%
F 60 pL Elution buffer, f£47F —20°C.
1.6 amoA HE[H i By PCR 4 4

WHRBUE B A JE R 20 DNA 150 B 4 s =
I AR, 1 P A% eppendorf 2% 71 B9 35 PR3 48443
FIFH 2 E AL TR S B TR 5 [ H B R 1. ik
P A AL AN TR (AOB) RR5F 3L K amoA BIWIXT .
amoA1F-GCM' (5'-CGCCGCGCGGCGGGCGGGGCGE
GGGCGGGGTTTCTACTGGTGGT-3") /amoA2R-TC
(5'-CCCCTCTGCAAAGCCTTCTTC-3") ; AL
(AOA) eIt amoA HI 5| ¥ %t K. arch-amoAF-
GCM' (5'-CGCCGLGEGGLGGGEGGGGLGGGGGES
TAATGGTCTGGCTTAGACG- 3")/arch-amoAR ( GCG
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GCCATCCATCTGTATGT) .

25 pL SN AR RN ;20 ~ 50 ng #EAR, 10
pmol 1E 52 [1] 51 4,200 wmol-L~" dNTP ( &3 &) |
2.5 pL 10 x buffer ( &% Mg, LW E R 1.5
mmol L"), 2U rTaq B4 W ( TAKARA ) JG 1 M 2
JKAME 25 pL.

FOR N 5 B2 25 SOk [ 15 ] 3R 47, Hih AOB
amoA 14 R 7% PCR:94°C 4 min,94°C 1 min,
61°C 1 min (BMEFHFE0.5C),72°C 1 min,20 4
HEFR,94°C 1 min,52°C 1 min,72°C 1 min, 14 1§
1,72°C 10 min , 4°CPR-AF; AOA amoA ¥ 84 514K .
95°C 5 min,94°C 45 5,53°C 1 min,72°C 1 min,35 >
PEFR,72°C 15 min, 4°CIRTE. PCR P2 1. 2% 305
W e PR TR ARSI
1.7 DGGE 23#r

PCR 7= 38 F 25K 42 ( Deode , 35 BIO-
RAD) 7341 , 5 PR 45 ot Jre 556 Je FELTK ( polyacrylamide gel
electrophoresis , PAGE ) JZH £ 1 6% , AOB 2% PEAS &
M 30% ~ 60% , AOA 7&K & Ky 20% ~ 50% ,
DGGE FEJF4& SCHR[ 15 1347, lUkSE S5 M iR T
AR FEL0 0004% 1 SYBR Green I 1L (% 20 min,
Y5 B I PG 8 R 58 ( DIGE Imager
System , [ GE Healthcare 23] ) 7347, WEL B4
i P R K SRty T4 L
1.8 DGGE 4545 ()75 i Je 2R 58 8 B W A gt

DGGE BERCTE P WL OGHE S 2 X 1 3#£ 17 DNA
ZAE I E] IR B9 DNA 4523 57 50 pL TE
e BRI R AR, WS WAE N PCR AR
HATY 1. AR Atk &gtk PCR 729, 4% ™
Y15 pGEM® -T Easy A& IF AL T RIGHFH
DH5 o 52 2540, T 7% PCR [ LB BH M, B4 4%
MR 1) 7 SO PR PRI 3 AN PE I TE R Tk e
RAWEAABRAFHATIT.

FIFIAS %1 . DNAssist 2.2 25 [ 2 4K ¢ 41 Fil
GC 3 T J5, ¥ A s ¥ 5| 7 National Center for
Biotechnology (NCBI) L4 Hoxd, LA A ] P E e
R T SR 2 IR AR AR >97% 1T 51
R [a)— 5% ( Sequence type ) , 3 F MEGAS {4k
FH4B #% ¥ ( Neighbor-joining method ) ¥4 & & 4t &
AR
1.9 BAEmgeitsort

FIH Z £ 4840 ( Shannon-Wiener 7650 X R F
RIGE(H) . FEBEIRE(D) ML (E) 48 hR
PR LA RS R AN B 2 e TR A R

_H
" InS

Ao, P, BB RE  H B— 2Ry Y R B TR TR Y
A 25T RV B T 5 B Ee ), S AR PR A
i B .

TR 45 A TSR AT Y BRI 1 v 26 3R U o 25
RIVKEERE (x£5).

2 HRE5H

2.1 AFEEEFM NEANAL

B ik AR v NO,-N Vi BE B B[] 119 28k 4n 14 1
Fiizs. AERT 7 d AF1(B) | B4R (H) sk (Q) 41T
T NO,-N ¥R BEHA B B A A A NO,-N ik
JERERK B (NO-N MR 13.2 mg-L~' BTN
152.0 mg-L™") ; WA FBLE S MF NO,-N kA5 1k
AR —E, 8 7 d B0k 89.0 mg-L7' A
76.5 mg-L~'; RS F NO,-N ¥k EEAE LA i,
H57 AU 14.6 mg L7 557 ~ 14 d RIS T
NO,-N ¥ BE 3 K9l 22, 5 14 d B35 K °h 198.8
mg-L"; R4 R NO-N R BE R R D3
9514 d PR3] 187.0 mg- L~ I A S /K
s AT NO,-N WK AR ZE 45 14 d i)
iK% 109.5 mg- L~ HAGFCH R FEIRE LM T, A
%57 d IFEA NO,-N #e B g K, NO -N &k i
kF)79.3 mg-L7".

AR R A (B) FNH, -NJLT
AR e A% AE R NO-N, 7 93. 8% [NH,’ -N 1k h

250

id
B. 1A H 5 Q. BR&E; Y. IR&
E1 7FE DO FHTHEFES NO,-NREMNEL

Fig. 1 Changes of NO_-N concentration in medium under

different DO conditions
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NO,-N, PR A RN 14.2 mg- (L-d) ' &-5%
M (H) T, H 88.2% WINH, -N #:1L°H NO,-N,
WAL AN 13.4 mg- (L-d) ™" T B35 & 44
(Q) FIREFM(Y) T, HA 51.7% 1 37.4% 1
NH, -N # 1k} NO,-N, ifii & A Ak 3R 43 5 R 7.8
mg+(L-d) "'F15.7 mg-(L-d) "
2.2 RRIE AR T & A R 250 R
2.2.1 DGGE 7B amoA J:[H Bk PCR 774
HLUIOURER T B IO 5 19 B8 DA, 357 A [

1 2 3 4 5 6 7 8 9 10 1

(a) FAHHE

JER AT, (0N LYk B RS SR 4% W FE 5 B DNA
K/NZIH 23 kb, FF HIE B 5 1 7. i DNA ¥
JETE 10.5 ~45. 1 ng-pL ' Z ). &KL AL RED 1 1
amoA F& K, K/ING3 3324 491 bp (AOB) EY{ 635 bp
(AOA). B ] DGGE 4R 738§ amoA A Fr Bt PCR
FE), BT LA BIEAFE S Y PCR P95 B b4+
Z ABARFERES T amoA FBE PCR 7=y 3445
B —E 20 (2, B 3). AR FHARRIZFE
FEEATR A AL, 2150 B 191> AOB 45 Fi2 1

_
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|
1

N
|
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W RWN—O O 0 ~N

__
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i
!
]
I
|
I
]
1
]
I
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|

1 2 3 4 5 6 7 8 9 10 11
(b) REH

B FbR A A RIS (L AR - 15 2. JRALUTRR-25 3. WARSEIRY-1; 4. MORALIR-1; 5. (RFIAEIE-2; 6. AFAb -1,
7. GFEALTR-2; 8. BREALFRE-1; 9. BREACFE-2; 10. REAFE-1; 11. [REAHE-2
B2 BRARRY. EEEFYERASLEFESLEE amod EE T EEKEX(DGGE) 9B EiL

Fig. 2 DGGE profile of AOB amoA gene of samples from in situ sediment, enrichment cultures and DO treatments

A~ AOA 45
2.2.2 @SSR BRI

£ DGGE 88U G, AN TRIFE i b 4507 i
FEHTEL, AT LS WA i 22 8] 22 SR A RV AR B
XTHE S ] DGGE B3 AT RIS 5007 45 Rkl 4 | K
5 FR. B 4 AR AOB B840 4t L, Bl
PR AR A BB i 5 SR — 2 T A R B g AR Ak LR K
HRA— B 5 h AOA BFE R 451, 1
FIAE R AL S5 A DO Kb FRARE S AR PR R SR 2K
A7 BT AR S AR MR i 2R R —2.
2.2.3 FEE M

K FHEE RS UG AT 245 (quantity one ) X DGGE

BEMCHLTK I (&1 2 FIEL 3) AT 004, 4 2Rk W], &A%
ihlE] DGGE FREp & v B A H A —E £ R,
A AR F UK RT3 rh 25l A B E RS2 BE AR R, X
BRI SR Z RS () . FEER
(D) MBS FE (E) FHEARHAT T 456 70, 45 21
W 2 PR,

BN AAE T8 (H) . £ &SR
(D) MR (E) ¥ 2 5%. AOB ZHPETE 5L
( Shannon index) F13& FEHEE( Simpson index) 5
FER S SR TR, 43 31 R 2. 418 £0. 012 F1 0. 902
+0. 003, ZFEEAEEIO 4= 5 BE R R IR Y 72 ik AL Ak
B AR5k 1,756 £0. 01 F10. 801 £0.003; 1454~
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(b) REHE
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Fig. 3 DGGE profile of AOA amoA gene of samples from in situ sediment, enrichment cultures and DO treatments
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Table 2 Shannon-wiener Index (H), Richness (D) and evenness (E) of each sample estimated from in situ

sediments, enrichment cultures and DO treatments by DGGE bands patterns

AOB AOA
Ab PR
H D E H D E
in situ 2.418 £0.012a 0.902 +0.003a 0.958 £0.017a 2.043 +0. 041be 0.834 +£0.023a 0.909 =0. 048a
Enrichment 2.002 0. 846 0.911 1.979 £0. 015¢ 0.840 +0.016a 0.926 +0. 043a

Saturated 2.000 +0. 042b 0. 849 +0. 003b
Aerobic 2. 046 £0. 050b 0. 850 +0. 004b
Hypoxia 1.756 +0.018¢ 0.801 +0.003¢
Anaerobic 1.799 £0. 083¢ 0. 818 £0. 024¢

0.935 +£0.017a
0.909 +0. 008a
0.902 +0. 009a
0.924 +0.043a

2.489 £0. 089a
2.033 +0. 070be
1.273 +0. 112d
2.213 £0. 090b

0.901 +0.014a
0. 856 +0. 008a
0. 658 =0. 104b
0.874 +£0.029a

0.931 +0. 016a
0.951 =0. 004a
0. 858 =0. 165a
0.942 +0. 065a

1)yn =2, VSR AR R R AE 0. 05 /K TR BAT 1835 22 Sk
FES Z R 2] BE (evenness ) XA W H M ZERF (P >
0.05).

AOA ZFEVEFR BRI 5 B S ey 1A 1R R AR Ak
B 405100 2. 489 0. 089 F10.901 £0. 014, Z ¥4
FEBOMN 3= 5 FE 48 R AR Y I 2 B AR B 43 5 R
1.273 0. 112 F1 0. 658 +0. 104; 1M 45N i 22 18]
IS BE IR T B F 22 7 (P > 0. 05).
2.2.4 MBS FINNRGE KT 53T

YR &KL Y PCR-DGGE F5 40 K3, i # 4
W AT U e [, 645 %] 7 4~ AOB 4541, 4l 6 fir
7N, T S R TR A0 [RIIRE B s 1 P A

Vil A6 W2 B & ( Nitrosospira ) I V. Al 1k 20 i w1 &
( Nitrosomonas ) . 3 HAF B4 AEE I h#fREHR 21 5
B AL 1 5 81, 33X 26 7 81 KR 4341 T A
SRAFA T B DLRR AN N T AE 9 B vy 2% . A5 %21 8
A~ AOA 5407 (B 7))@ TR AT 85 33 1 SRk i,
1 Band16 1 Band18 54540 22 v A 304 17 51 AR U1
B, T RER LR T O LR Hh A TR .
2.3 RS R R R T A AR AR DG
30 DO VRS AL AR | A AR
ZERIRAHOCOC R, W UL, DO 5 2 A Al R A
IEADG, 5 AOB ZHEPEF5 2 ( Shannon index) 7R i
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Table 3 Correlation of DO to ammonia-oxidizing rate and ammonia-oxidizing microorganism community structure

AOB AOA
lﬁ [j =kal t‘ﬂi; 3
FEALH R o 5 B - m -
DO 0.928** 0.730 " 0. 679 0.275 0. 448 0.341 0. 090
R AT — 0.865" * 0.787* 0.194 0.427 0.411 0.238
1) Pearson AHIC/MHT 2R FXURAGE ; = FRFE 0. 05 7KF F W EHIG, = = FIRTE0.01 /KF R EMK

CASE 0 5 10 15 20 25 l97 Band5
Label Num 956 Band6

Y1 10 565 Band8
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B2 5 48 Sediment GQ331632

N1 3 — L Bandl0
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DI 1 WE Sediment HM235895
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Fig. 4 Cluster analysis of AOB community structure similarity in
different samples from in situ sediment, enrichment cultures

and DO treatments
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Fig. 5 Cluster analysis of AOA community structure similarity in
different samples from in situ sediment, enrichment cultures

and DO treatments
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Fig. 6 Phylogenetic tree of sequences from AOB DGGE bands
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Fig. 7 Phylogenetic tree of sequences from AOA DGGE bands
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=W ORGINN AT RN ALY TR =R f e S 1 N
7T %M DO . E L MNH, -N AL, & DO &
(B, H) FNH, -NAJ g Pk E fb B &b R 5%
(>88.2%); ik DO Z&fF(Q. Y)NH, -N4 fb %
W ol 18, H e AR RN ( <51.7% ), X 5
Yuan %2 BBFSE T 4508 25 AT % B 24 DO
4.5 mg-L7 [N 1.0 mg-L~" I, fil§ £k 8 R T &
58% , A A6 BT PR B3 I 1 30— 3% i A2 DR SR Ak 34
T, 7 d NO,-N ¥ ALK, E#I4 7 d H NO -
N KRB 14,6 mg-L~", 2B 7 d IR A AL/EH
B R R NO,-N e B i 53 n, wT g = P
AL AR 1235 N T X FPIE DO M8, A Ak
T PETF R S IR NI NH, -N KR 5446 NO -NT'T,

M DGGE f8 40 K35 0l LI H, % F AOB, &4
FES AT B3] 7 ~ 13 NAEM 55T K DO 4544 ( Q.
Y) FAAECR D i DO T A £ it
T AOA, BAFER T B 8 4 ~ 15 DAREI AT,
S B H S /b B BRAE SRR (Q) , AR B H B
Z AR A 260 (B ), W DO BR| T AOB
TEVE ZREE. Bellucei 2517 B 55 A ) 3t 40 A2 1 4k
SV A a2 B DO B AOB 4%y W i
Z T DO B 1) 2571 . AR 45 1R R A TRl = S A
PRFP ISR R B, 6 BH AR S R A 72 =F & 1
APIFRIE. TS B 2220 AT DL B UL S B iy e
AL TR N Z e T 2 RE PR BUR I IS VR
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(0,), 8 M F H AR K R 258 T 42 5 i 75 26
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. DO(Q. Y)ALFEAY AOB E 7% 45 K4 AH LI 458
1, RN BB, R Z R EFR B £ R AL
WA, H5%5 DO ABE(B ., H) BIREEZS M
RIPERAL , A BT, T A e R T 2
EAL TG WX T AOA, DO Ab B [ 52 i L AE 74
S5 AN (B) AL 5 HAD 3 4~ DO A3 R K AL
B H 2 R E 5 ORD T & R S B . gt R
PRE: , AN [R) A 2 4R Ak DA R R e TR FE 1 DO A7 76 Al 4
AU HGE A K T 7E e DO MR R A K Az B i
il

I X R DGGE AU S 4 b A7 I e, H:
HTINAS 4 AOB amoA FEH R BE ¥ 51 T Xt 1z fr) ]
V5 f5 =0 19 S 2E 0 43 53l J& F B-Proteobacteria H1 [
Nitrosospira Fl Nitrosomonas CEMYk B T O R
TUR SR A 0 0] . 3% 426 2 4Rk 200 B R 40 o
BEFRMAEY); M5 AOA amoA Fe[R F Be IRl R e 5
AR 38 AR B SR A W, AR SR AR A R B v
BRI AT HE.

AWFFEH DO 5 2 A A R i 2 IE A G
FW DO S5 Z A AL T T R R R X
ST N R4S —80 . WA W E S AOB £
ﬁé@( Shannon index ) BEREFIEMHEMYES AOA BE%
SER AR BB AT A, BB AOB XJ DO ¥k Ji A%
PR e 17 5 A BURK 0 Yao AP IF ST & BRER T +
HERS AL TR L AOA MIREYE £ AR E G,
P AT IA Sy 3 2 = 8 v ) i A R R 2L AOA
UKE AT, Bernhard %512 YERFFE AN 130 AR A0 5 A
JEH AOA | AOB S5 7ERH AL 3 (1 415G OC R B, H)
RILTEAE R AL 3 R 5 AOB 778 . 5 A0 ¢, i 5
AOA TCH A, UL MAITIA R AOB 22 & Ak 1Y
FEHEBNE. AR KR A HE RS AOB ZFEE
FEEO & TR B B IR C TS AOA TS

LS AREOTC B E M OGO i 2R R = A Ak
1A AR R AT RE S AOB 1 IE AOA™Y . {H
TR R ik A 2= 550, HRTC T
T P b 2 S A TR T 2 S A R ) A BT Ak v TS
B AT EAB I FFER

4 £t

(1) Z AL A DO MR A 25 IE ARG
TR A T dem  RAEUR AT T B fIR. T 4R B 2
WA IR ZR T NH, WFAL 5 DO SRS A )T
FRFEA N NO-N.

() ERWIEES AOB £ 14 (Shannon index)
LB FIEACT S AOA FEK 45 & 15 BUy Jo W2
FHIE M, R W] AOB XJ DO ¥ i 742 Ak 1y wi b 5y
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() ZHAE RS AOB ZHEETR B ) W3
J_T:*ﬁ?é, 5 AOB HEE%'TE%@&( Simpson index ) B
IEFASE, MTE AOA BEVE 2548 B o] AH G C L.
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