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2 Y SR A il e B I - M o 82 Ut I L Yk ( PCR-DGGE ) B AR NS A% ol 2 49y 4 4 M I i 7 b 20 40 4k 48 17 ( ammonia-oxidizing
bacteria, AOB) it Jif &5 A4) B I [7) 1) 245 A0 155 B30 AT T 0 5, 45 S % 1, AOB ¥ 7% ¥) Shannon-Weaver #7500 46 {H by 2. 58, M JIt &5 o
IR 2,02, 2 FF M3 Ak 52 R B G 3 ik X 35 43 P 34 4% A BEAT se BE DU 7, K L Nitrosospira I Nitrosomonas 24 HE JLH AOB ¥ {t
HFh i, Hordr Nitrosomonas f£ 7T T3 ME LI R, T 52 PR S8 1 Tl g . A AT Canoco 4. 5 34 % 3K 45 1 20 4040 40 1 Tl B 2508
5 AR W ST HE A B pH 7K 28 (NH, -N (NO, -N 25 R 55 (R 7 (19 AH G 1% 3k 47 JC &% 43 #T (redundancy analysis, RDA). RDA — 4
HE T P 2 005 HE T B SR o AT B B SR IR U AR A 4 L, AR AOB T i 45 4 o0 HE S e IR R 0 (4 ~ 9 ) AR DN,
T 7E e it 3905 (9 ~ 12 d) 5 50 2 B dL 30T (12 ~ 25 ) SR U O R 2. B35+ T 3h i #5110 RDA 4347 45 R W1, M 44 i & NH, -NAT
NO, -NX| AOB B ¥ A & W # 1M (P <0.05) , Hur 2 ANF 58 3 7 B 27K (P <0.01).
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Abstract: The dynamic succession of ammonia-oxidizing bacteria ( AOB) community during the agricultural waste composting was
investigated using the polymerase chain reaction-denaturing gradient gel electrophoresis ( PCR-DGGE ). The changes of pile
temperature , pH , moisture content,soluble NH,”-N and NO,-N were measured. DGGE results showed that the Shannon-Weaver index
changed from 2.58 to 2. 02 during the composting process, which reflected the diversity trends downward overall. Nitrosospira and
Nitrosomonas were dominant species. Nitrosomonas eutropha ,which was found throughout the whole composting process, was identified
as a kind of well-tolerated species. Redundancy analysis( RDA ) was applied to explore the correlation between the dynamic succession of
AOB community and composting physic-chemical parameters. Compared with the slight change referring to its structure during the
earlier phase of thermophilic period (4-9 d),the AOB community experienced a more significant change during the later phase of
thermophilic period(9-12 d) as well as the following temperature falling phase (12-25 d). Significant relationships have been found
between pile temperature,soluble NH,”-N (P <0.01) and NO;-N( P <0.05) with the dynamic succession of AOB community, which
suggested those three parameters were likely to influence,or be influenced by AOB during the agricultural waste composting.

Key words: composting; ammonia-oxidizing bacteria( AOB) ; 16S rDNA ;PCR-DGGE; redundancy analysis( RDA)
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AL, JF B AT AT A O | R A B AR A AE SRR
S5 ) T G5 AL B A A A IR RIS bR B T R
R e R R T b VR K FR B
AOB [H 4L 3 £ 24 Nitrosomonas Fl Nitrosospira , ¥
FEUTRR Y # O Nitrosospira-like 1#. AOB [ #f
G5 K0 B2 BT R RE TR RE A A 5 DL 3R A R K

AHE TR M PCR-DGGE £ A X AV JE ) 4 %4
HENE L AR AOB T % 45 44 1) A2 AL JEAT 20 M. [ I,
K TC4 70 M7 (redundancy analysis, RDA) J7 ¥ 73 ¥t
HEARUR FZ  pH & 7K #& NH, -N (NO; -N %5 3 85 A 1
L5 AOB FiE R AH SCVE, BLITT 4 18 4k HEJIE T2 20, ik 2>
ARPURRMHRIES.

| O ES W R TS

L1 HEEM RS B4 2 50

HERE T3 A Kb i LAk R S 3 40
H 97 )5 it A7 25 R 5 5 WAC B 100 R 5 G AN 5 Jog S i G
FoUI 1 ~2 em KR B f B R R A
KRR 8:11:3: 2(JRE L) WAER &, T & KE
292 63% , LA AE Sy E R JEORL, T S 50 HE R
RS 2% b B b T T A HE ) 4 R
Wy, 5k K FH LU A W04 C/N Bb. 38 G 5 38 R 4R, £
HEE AT 14 d B FARHME 2 IR, 2 R R R RIHE 1 IR
PRUE R PR AR ) A2 s R85 8 VR 0 2K 25 85 1 7K
DL 4 A 2 K A 45% ~65% IHTE N . & K 14:
00 K H 2 rUR AL AT HURE  FES IR G S 5 70 R
PR S, 35 FH T 3L S50 S e, ) — 3 4
FHEURE A8 35 B 4 5 R AR A7 T - 20°C FH T J5 4200 #7.

PR 880 T FEE 0 S A v J2 R A7 5 Ak S AR B
FESILE 105°CHE 24 h SR AT VR0 8 /K35 2.0 g fif
B 1: 20 TR E ) I 2585 17K, 200 remin ™ 335 40
min J5 2 P84G3 K AR A VI e 3 pH; 1.5 g i
Bf4% 150 (5 B ) A 1 mol - L™ KCl %9, 150
remin ' $E% 1 h J5,LL5 000 remin T B0 FFE_FIE W, SR
FHENEARA LI 052 KV PENHL N SR 6 B
oyt sz K PENOS -N. i g S50 e ¥ 4 3
OIS, BRI IR 22 ] <5% .
1.2 DNA 42 K 4lifk,

HEREARE S v 25 A7 K B B 42 T DNA ) $i
B, DR 7 32 B DNA R 7% 6 FF 2 47 70 4b 2. 1Y
0.5 g FEdh T 5 mL B0, I 3 mL TENP £t
W FE IR A, 6 000 remin ' B0 10 min J5 FF
WLES FREAE2 ~3 K, B RIS
WAL BB R B s v Ve 1~ 2

PR TR b AL B 2 5, SR H Sk (W B A i K-
CTAB £ 4R HURE i i DNA, Fi) FH 4 44 3% 70 o 1
P DNA BEAT2li4k. 5K 0. 8% [ B I B U6t e # vk
UKL 452 i e 7 9 T

1.3 PCR-DGGE-l| %

55T 16S rDNA {14 48 5k ] 5150 PCR. 28 — 42
PCR i F] B-Proteobacteria B 4§ = P 5] % %), I 7] 5]
1k CTO189fAB 15 CTO1891C {1V &4, I 1l 514
Jy CTO654r' "' |48 37 50 wL ff] PCR Jx WK % :2 x
Power Tag PCR MasterMix ( Jt 5T BioTeke)25 L, 5|
¥ CTOI89fAB 0.6 plL, CTOI189fC 0.3 pL'"',
CTO654r 0.9 wL,DNA T 2 wl, J& 1 Mili-Q /K b
A 50 wL. PCR [ W 7E MyCycler( Bio-Rad,USA) ¥t
AT, 3 514 :94°C AL VE 4 ming 94°C AL HE 45 s,
56°C Bk 45 s, 72°C HEAH 45 s, 35 MEEF; 72°C 3
fift 7 min, {5 11- T 4°C. % — % PCR & JH 41 5 168
tDNA V3 0] 45 [X 445 5 v 8] ) % GC-338f Al 5181 "%,
PAEE — % PCR 4 A B, 50 pL K 5 :2 x Power
Tag PCR MasterMix 25 pL, 5| &1 L, FER 0.8
pL, Jo T Mili-Q /K #h A2 50 pL. 4734 5 44 b 1 94°C Tl
AFPE 4 ming 94°C A 40 s, 55°CIE K 40 s, 72°C 4
{f 1 min, 35 MEH; 72°C A 10 min, 5 1T 4°C.
PCR 724K F 1% B¢ g W 48 Jie v Uk A ).

KM 5% [ Bio-Rad 22 & ) Deode™ 3t [X] 58 25 46 il
RYXE PCR 84 =347 vk o0 8, LIk & E 0 F
PA T x TAE 1 S W UK 28 i, 0 Uk i A AR P ik B A
8% |7 1k A FE 0 [l 45 30% ~75% , Ho vk Y i Sk 60°C
120 V K Fiz47 12 he Bk &5 K5, K ] SYBR Green
I % DGGE # B 44t 30 min, 7F Gel Doc 2000 ( Bio-Rad,
USA) BSR40 T g2 45 I .

P DGGE Ji& [l o0 A #5478 4T 1 2k
1T UIEL, H 70% (1) S BE VR, NN 30 L 1) K
Mili-Q 7K i fi#. $E4T PCR 9738, 8151 B A4l GC
Je ity 338f Al 518r, I LT 5 2 5 PCR M. 4~
WA= 2 1 % T3 G B 4% IS LUK AR 56 IS A4k, ik AL I
T 5% 7 3R DR R 2w JEAT ve B . AT NCBI
i p k) BLAST 400 7y 25 2R 5 B4 2 vh & e 1) ik
A7 [R5 B 23 Hr
1.4 Hd a5

X F Quanitity One( version 4. 6. 2,Bio-Rad, USA)
BAFX DCGGE BHE AT 7347, L bR 1S S T-9b 5 257
e ST ASE AR of VR4 L AT Ak B T A5 31 4% At AR XA
B A OG5 B AE A 4l 5 B AOB BE K 2 RETE
Shannon-Weaver $5 % (H) (9 s e R S RIER A .
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PN, R RS AR E, N R PR A A
B, A ETT i 0 T AR R O S i AR B R
S5 IRy R BEARE S 22 00 43 B IR R Al e 2R AR B
Wl DL A 4 R ol AR A 5 2 UK TE R R W R
SR TEEAE L e B A R X 10 8
T BN 4% HEAT O I, A 0F 0 T HE R 4% e
JETRH 2 AN G2 % 4% AR AN IR UK T H I 0 4R
=2 %5 MAE R D — NIKE RN FRE=1% . 4 H
B B AN AN R0 B 23 AT I TR, S IR il A
it SPSS 17.0 B 1F b ofE 46 A B 5 #4938 J B R
Canoco 4. 5 BAF X LW A7 R B HEAT B 3500 N 73
#1 (detrended correspondence analysis, DCA) , 45 HL &
B, I e Al 1 A R K B A R B R (B — e Bl
Ky 1.756) , A, b R T R R A B U0 A o) B
(RDA) J57 i BEAT 20 M1 20 SR T 8 i 9%, 4k th )
SRR AT B S (P < 0. 05) MR 2 2% 5% i (P
<0.01) ) 2K 5% X 1. F| | Monte Carlo permutation
test K460 RDA HE P il 4 A8 89 % 35 M, B 4 Ik
999. K7L H 1) Hi s SCAF N ] Canodraw 4.5 1 .
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DL, TP T (a) TN HE AR AHE RS 4 d T IR HE N 7
W (> 50°C) , JFTEH 6 d ik B @ i i 55.6°C,
ER RS 8 d (R AE T AT T AR 2 4 b R S A R
KA. HE N 3 B pH 7E 6.59 ~ 8.76 I [ A I
21, Hi JE 25 RIS AR, 3 5 AT A R B v i
T v A WL S A 1 PR A 1 T 5 00 AR . i I
1(b) A %1, HE R A WINH, N4 &% 2 1T, 764 6 d
EF B 1 628 mg-kg ™' (LLTHEUF) 2 5 & itk 5t
TR 3 T NO, =N i 75 i 0 0 399 4 0 B T
2 ~ 12 d SEWEF M, 3 4R Ak TR K T 78 HEHE o
J55 3006 8 0, 224 HE AT 45 SO, K ) 552. 2 mg-kg !
(LA RETE ) . 3 e AR 4k 3 T 5 3 I 43 2 400 10 ¥ 1
HE HECIR B0 AT 56 < HE R0 30T, k) o A7 76 1 BB A5
R, T A 40 B R AL AE AR 7E s B R s AL
Al RS RAR 5 B 25 HE I 1 08 AT, A WL B Dl o 5
Al g NH, =N JE B G0 A 2 1) I 3 R T
pH T [ B 1(a) ], 2 ~ 12 d X 17 (i Bl 8 282
T 0 T 2 R O U T, 6t IR S R, U
BT 40°C I B A6 A 6 52 30 7 3 3 ok L B
IR BB £ B G, S A 40 T A BE A K, NHL N8 fk
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Fig. 1  Changes of physic-chemical parameters during composting process
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FER BRI 21 2 5, B3 4% VKT B AN [R) A 8 11 4% 7l 4K
R AN ) B2 A A A0 v PR A 2 U WD R R
Fw AT, R % A T AR A = A
20 T 1 KR 2 A% T AL A0 16S rDNA
Fe S04 2) T BLUTF 10 23 1, 4% A B B, 58 5 W G
12 ANykGE B3P 20 2 A [ 1 2% o, HE AL AT 30

A0 et L YT d 4 i 110 22 S /N D AR e,
28 A A TR 1R i 4 ) B A HE I 1) AT R AR B W
AR X AR AL LR S pH R SN 2 SR
S 2 TR A LER B IR B AT A VIR AR R
[F B BEAF A5 AN [ 1R 2 5 A0 40 11 0 3 B R 3 T 1)
I 24T a b d g Al o, HEARJS A 32 AT g kom
A n. T A 23 2% e (A2 g ) 6 HE T I R A9 A [ I
AT HY B, WD K 4 B A AN R 3 85 A% AR AL
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Fig. 2 DGGE profiles of each composting sample
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Table 1  Phylogenetic relationship of different clone sequences
4y 2 GenBaSk W4 ) 5
x5 /%
d NC 007614. 1 Nitrosospira multiformis ATCC 25196 98
g NC 008344. 1

1 NC 004757. 1

Nitrosomonas eutropha C91 94
Nitrosomonas eutropaea ATCC 19718 100

2.3 R

AE B #] AOB #£ 7% 19 Shannon-Weaver f5 % 43
A 3 Froas. A A DUE Y, AOB Rl 22 B P 72
HENE PR A [R) IS BOAF A — 8 22 e bk AR B B a %
S A R AR B I S B R A e, HE IS T 0
TAHPY) & AR OB A w, S A 0 B A K R
Wt M S S 2 ) AT, S A ek 88 8 W T s, AN [ A
FRY S A0 A A 8 6 AR 055 DN ) AR R R S (RO )
Uk TR 52 A A o o i 45 DL OR B T 2 M 22 B R e i
P B AIC BL 2 Bl v K, iR 1) 22 A M el A O JIE
TUURCR TR R B, W E TR B, B2 v i 5 W A AR Y A
Ja SRR B — E B S . AR BE A AR N T B A
NH," W& 5 BRAK, 23 73 #8000 B HLA) K8 o3 e, 2L 381
TN S BOHME 3 AR 00 WL R T R S R S, TR
P IR P A T
2.4 EREEDR 0T G S A T R VR A R IR 5

XPHENEEFE o AOB HEVE 5 M 58 X 7 3E 4T U0 R
I3MT, 2 A ORE AR R Rl e UL TR L, O R B
-0.064 8, 2 /NIRSEHE 4l AH G R ECY 0, B4

B 32 %
3.0
. _
= 2.5
&
3
- H H{HW
1.5 1 1 1 1 1 1 1 1 1 1 1
9
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HE LR )/d

B3 MEU I R 2 S A Al 2 A R o A
Fig. 3 Diversity index of AOB community during

the composting process

J- 2l 55 A B TR - (0] 2 5 ) R RE A e by S B T )
Fi 5 BR8 2 1)1 56 2L I 45 R TR YL 0T
RO AT SRR 2, 57 2 AN HE T o R R T
32. 8% F1 10. 0% (¥ 58 A% 40 1 BB AR AL, 23 00 X
55.6% F1 17. 0% ¥ 54 % Ak 41 14 B B 55 HE AT 2 5% [
TZHBRR, 4 MHIPRLEEE T 55. 8% 1124 4
040 B AR AL R 94. T % (VR RE - PR 55 IR 7 1K G & P ik
(15 ANFRIEE R 7 il B T 58. 9% (1) 5 5 1iE Af , 1t W 3%
LGB 35 D] 0 M JIE e A v 2 S A A R R T 5 R TR
B AT B R
£2 RAALG 5 R8N T 1) RDA § T 25 5
Table 2 Redundancy analysis results of ammonia-oxidizing

bacteria species and environmental parameters

E TN £ 5 RN © 9 ¢ Eilhg

4
AR W1 H2 3 4
FRAEAE 0.328 0.100 0.085 0.044
ol e - PR 5% DR 1 A K R L 0.958  0.833  0.89% 0. 899
REERZLRBES 32.8 42.8 51.3 55.8
Lt/ %

FREE-IR 85 R 7 X R AL

B A % 55.6 72.6 87.2 94.7
R L AR A A 1

UL E A1 5 AN 0.589

Pl 4 Jhy HiE JIE o R S R T R R AR AL S B
7 R AR RDA Yl HE 7 Il i Sk 19 R B2 R
PRAREDR -, £ B A R R s R B i A B DY A G
AHU KA Sk 28 5 HE P b ) SR A R i
L5 HE 7 Bl A SR 1R KD S A A DR R K i
A B BRI HE PRI B 03 2 B, Dl W A HE I L R
HH I 28 TR 3R B S A A TR 1) 4 R G PR K,
LT Tk RDA 2 #r 4 Rt R W 0K 3 Fh 3 5%
DR o0 2 4 A 4R R R Vi 5 A IR S e 2 2 (P <
0.05) , 3 rp HE U 3l 2 AN S0 1k B 1 Bk W 20K
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Fig. 4 RDA biplot of AOB community and

environmental variables during composting

(P <0.01). X5 3CHR[29, 30 ] 0F S ALHE L 44 &
T2 B A 5 AR A B R L 2 R SR R T T 4
3K L R = ST = S W 1 SRS A g
L P 5 S A R R VR A A T R 2 e v K R
W, 227 2 SN0 R A AR A R T TR T
CERYAE IR I ETIE (4 ~ 9 d) AR N i 7E R
JE (9 ~12 d) gl 2 Bl 9] (12 ~ 25 d) s % It
il 2.

i B e 08 52 AR W I AR R R I N Bl )
UL A S TR s R AR AT ) HEJIE AR R b 2 AR
A 0 B TR 5 R 7 R S A T A 4T
Jo o) ik B2 PR 3 1 20 AN [, 28 e v ik 90 #) 9 0 , E
TS v ik 60 Jems A 380 O B . A S o IS 4K &R b s AL
0 T AR i 5 AR A e it Y] O R A A e A B R i W)
AOB 55 Ay i 4k 410 B AN A, 358 20 M s 6 9% T 32 v
¥H. Yamamoto 2% IWF 5 R B, AOB 2 HE I & i
ST ME — A7 7 BB AL TR . K P s R A R
IO i M R 3 XRS5 B S AR T B &
R TR, 0] 22 48 A 41 T R HE IR B0 7 A= 5% i
UE, P 0T AOB JE v &5 A6 10 ¥ 8% 5% i S 255 B A N
SN T I ) 2 IR, LR S AOB [y £ & 1 il
KA EE KRR Burrell 2 [ HF 5% % W, AS [ #%
WS I 2 AL T AR B R R PR I AN ) R B
ST Pl . A SR 45 SRR W] B B AOB TV 45 14

FR ¥ 32k B b 3 /K F

R AMHR A T A 3 U A0 B TE PR M I 5 o
T 1 B B0 T B 3R 0 R AR RN A B 3
LA REIUA WY, 0 0 T 1 5 v T HE A U
JiE 5O pHL 3 e R 10 ok 52w i 4 ()
PR TP 0 £ PR 45 K 10 T S IR 26 (HL7E R
HEJE A R T S S A B R RE S K R A pH Y
XN 5 B IF AL E B KT (P > 0.05) . X Al g2
Al B ) M FIE A 2R A K A pH BB AN, R
R CAE A ]

3 4

(1) FEAY E 1y HE B 1 7 o, B8 A HE I AL R
17,AOB BEV&E I 2 FEVE 34K B R B 3. AOB JE ¥
S5 R AE YT R T (4 ~ 9 d) AR AR BN T AE e il )
JE (9 ~12 d) H o) 2 Bl 9] (12 ~25 d) B gt h
HELH

(2) Nitrosospira Fl Nitrosomonas 1 #EJIE #7 AOB
LS Fl g , Fo b Nitrosomonas 45 £ T 4% > HE L L
T rfr, 2 M 52 1 A0 ot 1 b Jag , 5 R I A 3R B SR 2 Ak
LA R A T A L LR AT R AN Y
LT G /AL N

(3) AR b & ) B 4 I o R v 2 S A 4 R T
W5 B 7 U0 A o M SR SR W], HE AR
NH,"-N AT NO; -N X 35 ¥ A7 4 & & 152 i (P <
0.05) ,H 2 /N BE 7 B 2 ik B 7B B K (P <
0. 01) . X 28 25 (1) A7 0% 0 A b JE W) B 40 HE JIE
T G AR A G R T T R s B A R L

(4) BLICA 73 B AR 1 22 o B 2 23 A 7 v B
B I ST R HF S PR 5 B R A VR AR AR TR DT iR
ORI PCR-DGGE AR 45 &, M 1 HE JIE 44
F5, AT LLSE im0 M 38 s A R VR B 2 RE R DA K
Pidh BB SR 28 K &, N IF R R 2K TAE SRt T
J7 A
Z: 2% SCHR -
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