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BE: IR TSK AN LB RS (CRI) R AT 925 6] 73 A B LAS NH,-NTECRIHR BYIE 8 5% AL pL
W, RIS ATH B CRIRGEDZ BUR P LS~ 10 em[F]FATE ELBO2 ARG, XL R 9165 rDNA HEATDGGE
oM. HPRERW], CRIZRGEHH AL T B RIS TR L A3 et 25 b, 7ERIZZE10 emkb @A 216 4~5
FZE AR, S S SE DI HLECA AR IS 10 A 4 R K rh i D R A Bt W B O R E T G- 7E20~90 emil
BN BRI B AT, ZREROFEE, SRR AR B2 MiAE100 em PR SR, T
NH N IR R G AR, ZA AR 2 5~6F . %07 4s RUEW] 1T 2 S8 AL TR DS N 73 A v
Pl 72 A NHL-N 25 BR A ), RIVECRU AR TR TE PRSI N AT BRI P )2, XN NI S BRACR B . 56T
CRIZGH & A 1 2 [0 AR L S NHN RBRFSCR IR, 0 T RO E 3 T B S

KEIRE: NTHBRS (CRL) ; @R ; 16StDNA; AAMH R HEIK (DGGE )

FESES: X172 XERFRIRAG: A

1 55

HARN TP B IE RS ( Constructed Rapid
Infiltration System, [EFRCRIZRSE ) TEALGETE KPR
BUE RGN ERRER, MG TS
P PR T AR P O AR B R R (VL4
2002; FEMABREZE, 2004) o HEZAH ML
T HIB B PR 00 RIR AL G5 K R
TRIRARL)Z, selle 7 AL GEAb PR GE bk ) i
M R BUOR AR B [RIRHZ R SR AT
WA B W A Jr 20, BRPRIEAT $5  1 OK g ffi
(10~2.0m/d) , XAEEfemETsKEMLRES . K31
PR AL HE H 5

CRIFR G M AT [ 4%, H B R
WY A PR BT S RO T2 iRy
T, T A A SR I SR AR 2 0 il
Ve R CRIZR G L BRNH,-NA EZ AT, Al
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) TR AT RE AN AR R IR v U A A TR 1Y 2R R
B, B Y 2 A A T B R 1 A B A R A AN
RE A PR LAE HURE IR v i SRS 0 1 o XS PRI
() S S AL BRSO R A B ) o3 AT, AR A R I
BOEAER . BEE T EWFHOR AW LR,
ASPERR R BERS IR AR (DGGE ) AN AT AN ] 8%
TR AT 0B, T LA BT DUSAS AT 15 57 1)
A B TIESY, RE T HSL R B R G TR A )
FORERIR LR 20 A ( BRI, 2003 ) o ASCH
I HRICRIR GERP I S A ) ELDNA,, P2
AR PR AL [ TPCRY G FIDGGEFR &L &
e, AE AT DL T I AE PO it b i o A R
M A8 7R NH,-N RS AL HLEE DL L CRIZR 4 T
R BRSO B e AR S S
2 MBS
2.1 HMmFEE

WA i T20074E 1 7 B H TRIIULIE =5 7K
HRYCRIRG — S B, WA 73585,
10, 20, 30, 40, 50, 60, 70, 80, 90, 100F!
120 em, XN gR'5 A1~12; #E7K . HAKIKEES 5
B TTE 4 K ARSI K
22 SKWAHE
22,1 BUERA BRI

K FH 0 i 0 1)y 9 i o I8 R A B R JEE A
Ao
222 #HdhEDNAFRI

TE 4L X 1200 J2 4 i A T S DN A Y 2
B, SR 22 MBS0 iy R UAE TR AAC, A e S Al
FERZ AN Bt R 2% ( Mini-beadbeater ) LAY BE
2.5min, RAZIIEBANH A NDNA, HAL
GERIWRCRVR R . SDSFH T B T OOR 4 J 1
SCURITE], JRPEE TR RERCR, &5 -
P55 EER R I 7 A L BREE o Ak SR TR &
PCR-clean-up kit,
223 R XPCR¥I M (Nest PCR)

(1) % —4%PCRY H . HAIEHFR R
PCRY R AHMFr F 1519 ( Kowalchuk et al,
1998 ) & CTO189f (5” ggA gRA AAg CAg ggg ATC
G 37) HICTO654r (5’ CTA ¢CY TTg TAg TTT CAA
ACg C37), 25 pLI R W IR R AT : 100 ng

IAEH, 0.2 wnLEFIS[H) (10 mmol/L) , 2.0 pL
dANTPs, 2.5uwLA#10 x PCR buffer(A 5 MgCl,),

1.5 wLIMgCl, (25 mmol/L) , 0.4 pLEYTaqER
A (2.5U0) FIE & A9 RZE KA E25 Lo S
%Ak 94°C, 3:00 min; 94°C, 1:00 min; 57°C,

1:30 minf172°C, 1:30 min, 35PE¥, f/GT1ET2C
F %E44110:00 min.

(2) B _HPCRY 1. IS —4CPCRY 1™
YRR, RFIH740 bp “GCRT" (51 4P338f
FIR518 (5°ATT ACC gCg gCT gCT gg 3°) #47
s (V3K ), W &I SCHR ((Vreas et al,
1997) .

224 THMEER® K (DGGE)

DGGES2& — i BB % AT 5 Rk Hl Ao ) 21 55 A7 —
AMRFLZEAZDNA R BE (/NF500 bp ) (145> T4
ME A, R AR — 555157 smin A
30~50bpMIGCHT, HATPCRINL, SRJFH5iX L
BAGCH B S i 55 I PCR™ W, AR E
7 — 2 o JRE A ] (PR 2R P T ) P9 R DR s TR e s
JiE R BEAT R K, MR AN R DN AZE ] — 78 4 551 o it
FES AT, Sk EAFEIMDNA R B, SEI0A B
W,

1) 78 e ) o 28 = 72 1 351 ok 323 161 R
30%~60% ( 100% 7281457 47 mol/LA IR 2 F140%
28 PR EG Y ) . BORIE 8%, Bk
I E DA b i) 33

(2) PCREESHIINAE . AEREANINFEFLINA &
A 10% W IiFESE s ) PCRAE 4620 L.

(3) HLIK M Iefn,: 150V, 60°CHLIKS h, Hik
SEEEIE, BHEERCAESYBR Green I FRYL(A,2930 min.

(4) REAHPOWEE . H et MBERE FHBEI 52
Bt ZRG 08T, ARSI,

22.5 RAFEGME

FEMIK SR . pH, COD,,, NH,-N
FITN, o, FHEKRRHLENECOD,,, 94K
A3 EEVRIN E NH,-N, e 2o R B 0 A 2R 410
FEHFE I ETN

3 sk
3.1 BRENRKESTESR
Hos R 2, BB A 5
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KRS AR AL, R AR WA R B A b
AT RO: 1. KARITRS IR A2 40 A DL 3R, oA
BRI 0.324 mm, NS RBCNATL; KELARD
IRiA% 40.6~0.8 mm, AEIEIRECN.8.

R1 BRAFHES S

Table 1 The particle size distribution of filtering medium

Bt (mm)  >2 2~1  1~0.5 0.5~0.25 025~0.075 <0.075

WP (%) 3046  19.80 30.06  13.79 4.75 1.14

3.2 HEDNARE R 4L

Kb 12 BE i BB L DN ABES T HE RS I
S K10 kb A (R ) |, i e 5 225256
BoR

Y

8 910 11 12

Bl EDNABAEHIREE I H vk IE 1%
Fig .1 Agarose gel electrophoresis of total microbial DNA

3.3 16S rDNA&HPCR ( Nest PCR) ¥ &

PLAlA 5 AN [RIR FE D 2 i S DN A SR
K AR A PCREZAR (Boon, 2002) X HAYHE
16S tDNAMFR3 Fr B AT TPCRY 3, FEALEHS
—HEPCRY 5, WEE] T SR/ IMARF A
E (29470 bp ) FePEy 38 R Be, #5 R H16S
rDNA V3l 5 [R5 18FIP338f (752440 bpiIGC
Je ), DAEERREIE —FPCR™ YN,
T TS RPCR ¥71G, 158 T SR/ MAFTFY
WRB, RBIAR/NR220bp (E2)
3.4 DGGEEgEH#r

HMDGGERE (K3) nfLLEH, KNEIRE
(RIRE b 22 DGGE JE &R vT LAy 125 0 H N 55 19 B Tk
ey, HLAR 1SR B AT B i R A AR . 7E
CRIZGEARIGREE, 2 A AT 0 B L R 22 AR
K, FLTEHE AL RE TR 3G 0 Se 1 hn 5 b,
TERIZ R 10 emAb 2 B W R A 4~5F AL, 78
20~90 emyl [FE NI ZE IR A4, MAE100 em A

B2 ZAALRT16S rDNASLAPCR ™)
Fig. 2 Agarose gel electrophoresis of nest PCR amplified

16S rDNA of ammonium oxidizing bacteria

unOZI(ZL)

K3 &AL E T DCGESS S &k

Fig. 3 DGGE profiles of ammonium oxidizing bacteria

T, s Es~6F

FIBIO-RAD QUANTITY ONE4.5. 154F %4 %R
R DGCERIE AT Rl LIE ) (El4)
RAMRETEPB W 00 A A — o ALY, A
P AR OC R RBUF MU R . —R (R)Z)
HFRZZ10 em XL, XN, 2%5FM; K (F
FZ) H20~50 emWFEHE, X0 AL LA 3~675 5
=R (PTFE) RH60~90 emPYTEHE, X KH7~10
SRS U (RZ) Z&100~120 cm, X1,
125 FF o £ TR NRRE S T AR UM A s, T )
AR 25 S ADAR G, R Wb 1) 2 SE A b TR R 45
¥ REAAE, KA R AF AR, X
EINH,-NAEPE P9 (R B AR AT R R



44 CHGESE . {5 K N TARBZIE RS0 R AL R 163 rDNAYDGGE A 691
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————————— #6 (50cm)
#3  (20cm)
E#S (40 cm)
#4  (30cm)

K4 AEAFDCCERIEUPGMAR I T
Fig. 4 Cluster analysis of DGGE by UPGMA of ammonium

oxidizing bacteria

WA S5 S B (20064E9 H 24 H ) (1)
HAMEDCCER e i (ES) XtHnr A
H, FKDGGEZE R R, AL ZFEERE%
RIS b R B 1 3 R SR N R e, H R
B A i T 1 XU 20~60 emyE I, PRI
(12 555 T T PR BURE 15 A [l e =z ok, 8
HIEE T R G ARE AR i, AU
FERT, B TRWIHTERERLZIS M, BK
FR R T —E i, (HIZ B s ZE PR AT AR
P, KIGEM T REE A, MMTFENH,-N
FALZB, BEEKI RS, PRBih R84
TR IS AL RIS (NH,-N) |, BEibs

F5 AL FEREDCCEFR S-S (2006559724 H )

Fig. 5 DGGE profiles of ammonium oxidizing bacteria

( Sept. 24 2006 )

T R R AL 2R R, R
X I DGGE AN A]
3.5 CRIRZ/KBRMNELER

A KK RN 25 5% (%2) B, HKpH
TR, DXATRE S Ps h rb i il AR g = R
MR AEMAERA L, COD, FINH,-NF 2L AL
AEYISR, RBHIEER N T RENE A,
T FECOD,, FINH,-N K2R R85 U BORE i
(200649 H 24 H , MEHZ B AT COD, FINH,-N
(¥ B 3R 435 4190.69% F189.2% ) VA% MR F2B5
FANA281%, —sEH TNHA-NEFRRL, B
T RS, e R HD BRI 5 s YA
TR AE A T RAEARVE R W iEA T, DTt vl B
TN BRI

®2 R, HAKKRMELSR

Table 2 The results of water quality detemination

EEE2N HEK ik LR (%)
pH 6.77 6.30 —
COD,, (mg/L) 136 28 79.4
NH,-N (mg/L) 27.8 15.9 42.8
TN (mg/L) 30.2 21.7 28.1
4 e

ECRIRG T, AR EELD T ol
( RAEESE, 1996) : FEH KM, NH,-NBE I
fEA R R, NS EERS Y fEET
W, WA A SO 2 T N HL-NAE 2 S AL TR PR
R BE AL INOL-N, B 5 S A R AL i A1k
HINO-N, BUEN BB O w2t ST —
K R N H,-N W B AT 2% . T kK
H—rEmMaIE, HIEERBmEZ, AR
CEWERAEDMIERT , KA Ve AL
NH,-N, JE B —&B5r LAAT HLE R & 5590 5 1 1 7%
K, I B H A PR 2 B IR A T
BEECER, MImXTRZ I —% (1, 2% R ) 5HE
AR SR B ARAUPEANR s [RIRHFE RS R 2 A WL
W B AR B 1, 3 2l 5 TR A K I S S A TR
M, A T A R R A A AR, R

© 2207, TG, 25482, 45 2007. FIDGGEF AR MG /K N THGHB U8 R GE A ORI 434 S P0~58 4z, 34 (6): 157-161. (F511)
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REZAEMWE SRR ERE . fEE T,
TR RZ A AL E R, RD—EB 0
B b SEURE 6 18 AN HL-NB 8k, T LA B 25
P> TS EE N — ANk, RE RS —
T4 NH,-NYEW R 5 1 £E B o )220~90 emif)iE
BN, AEMEESHEEFEE, WA RIFR R
TAT N H,-NTE 2 A AL T 09 VE R #2846 NO,-N,
AT A SR A T g, KRR A5 T H faf 1Y
NO,-NU&A WA BE T, NO,-NKEFl & 7K i 4k 22
T8, XHAERPRRIEAATENH, N2 60, D
T — NV K RENH =N W B, T ZE B8
W120~90 em Y3 Fl NI B— LANH,-NH & 524 it
(). R B Y R BEES A, DRI IE T X R (3~ 10
SRS Z B A AR AL s, WA AR R
RAEFIZKIBN ; Bl FYE A E B 7 R
ARE AR, PHISER20~90 emiTE N YA
RN, SRR, S —2 a4l
T EWR. MAE100 em LR BEREETE R, TR
RS FE (O /D, iz Pes b R B A, M
SR AN 2R

H20064E9 F R DGGERIE R LLAE H, T
T ACAE ] 32 8k A AE P2 120~60 emTE N,
60 cm LT 9 X350 4% O NHL-N JE— 25 S8 4k LBk
PEAET USRS B, AT R GEXTNH NI LBRRAR
 (89.2%) 5 AWM MDCGERIE BN,
T ACAE ] 32 8k A AE P2 120~90 emTEHIIN ,
CREFRI A3 N H,-NORAS B g 8 AL I BT RS,
AT SO NH,-N A 2B 8 1 4742.8%,  F ] LA
e, Z AL Va B SR B T CRIR
BEXTNH,-N LBRACR o
5 458

(1) ARWFFEH— U T FHPCR-DGGEH;
ARAFFECRIZ Gt P 2 A A0 TR 25 (8] 43 A B Y AT A 7
PEo Horp, PUARBERED:, Fi% T SCRRtE], R
TRUERRCR; By AL, BeA R B A
LN HIDNAFFEBREE, Wl 2 IR B DNASE
IUYEER s Nest PCRIE, FRART 3 ZAHEALS
AIRE, B TR R RUSE R SR, R RS
DGGESRA T HAR AR .

(2) #8/8 T CRIZRG 2 A AL IR 1923 (8] 43 A

A DL S 2 S AR TR A3 A Y R S NH-N B BRACR 2
[\ 2, BIFERZ120~90 emKITE N Z E 1k
WO FE, EWASVE I E2Z 0T
A, 2 S T AR DB i N 1Y 20 A iz i vp |
2, XINH-NEBRRCREGTE, R A a6 2 A
R TECRIR G N B 43 A JE X CRIZR GENH,-N £
BRIEAE B

AL HUR AR R S E L B AR DS it N A
HEAINH -NZEPB N (R AL LA, (HE e
IR, WA BB AN R TR AR KR,
HRHENH,-NYe B A8 L0 AT LABRE . a8
A HBUKFE X —ME S R ARG B, [RIX
W — AR AR A, S R s =
WA IRER A L, IRENE AR
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DGGE Analysis of 16S rDNA for Ammonium Oxidizing Bacteria
in Constructed Rapid Infiltrition System (CRI)

MA Ming-chao', JIANG Xin'?, LIU Fei', LI Jun®

(1. School of Water Resources and Environment; Beijing Key Laboratory of Water Resources
& Environmental Engineering, China University of Geosciences, Betjing 100083, China;
2. Institute of Agricultural Resources and Regional Planning, Chinese Academy of Agriculture Science, Beijing 100081, China)

Abstract: In order to reveal the microbial community distribution of ammonium oxidizing bacteria and the removal
mechanism of NH,-N in constructed rapid infiltrition system (CRI), sands of different depths were sampled from CRI
in Shenzhen, and were analyzed by denaturing gradient gel electrophoresis (DGGE). The profiles of DGGE show that
the microbial community of ammonium oxidizing bacteria increases followed by a decrease from top to bottom. There
are about 4~5 species in the upper 10 cm part, and they are composed of microorganisms in sewage or those who
played important roles in the biodegradation of organonitrogen. About 9 species are found in CRI between 20 cm and
90 c¢m in depth, where the nitrosation capacity is stronger. For lack of NH,-N or oxygen, the species of ammonium
oxidizing bacteria reduce to 5~6 at the depth below 100 em. The results will be that, the upper level the ammonium
oxidizing bacteria distribute in CRI, the higher the removal rate of NH,-N. The relationship between community
distribution of ammonium oxidizing bacteria and the removal rate of NH,-N is meaningful to improve the treatment

performance of CRI.

Key words: constructed rapid infiltrition system (CRI); ammonium oxidizing bacteria; 16S tDNA; denaturing

gradient gel electrophoresis (DGGE)



