H 75 2 3R 2010,30(4) :1011—1017
Acta Ecologica Sinica

B EXRBWIESRBEEARSENL _RIEREE
& (nosZ) % 1% B 22N

o B A

(1. AR R, AR B 5L SN EARSIEE,) "M 51064252, J"RIGHERFEZIYERER L 524088)

T N TRBEEY BRI R B+ A R B, 3B 5d PCR 348 B 75/ \RFLP A gt B U B W T i+ R
LA S — RR R nosZ BEH M 4> T EREEHIT TR, SREW, BV EEATHEREESE S X, [-V4H(14
Opg/g 40 0.01pg/g JM4H 0. 1ng/g V4 1pg/g. V4 10pg/g. T4 50pg/g) B OTUs 53 [ F B A 4 5351 4 : 48. 30%
41.88% .34.78% 33. 62% ,25. 42% ,23. 81% ;55 70 K, I —VIZH K OTUs 575 & FH B 2 kL4 3 8 :29. 66% .24. 24% .
18.10% ,16.67% \15.83% \14.39% . Xt RRAZHMEISEIR TEMLGYA, 26 35 K, Xt A B Margalef 38505 B2y ¥ % 4
ERHBE(P<0.05) 5570 X ,{U5 10png/g 71 50png/g BiAlZEF B E ;5835 X, BT 0.01png/g 4, % B4 Shannon-Wiener
RESHMBMAYHERBE 570 R (V5 S0ng/g HEFBE. BIA W, EEHYIERKEEZEE, 259 & #0.01 —
10pg/g 20 1358 R AL 40 B 1 AR 1 5 0 BRAEL Z IR 25 38/

XKW BBV E TR SR REEIL4IH ; RFLP
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Abstract: The experiment was aimed to investigate the effects of ENR (' enrofloxacin) on microbial community diversity in
soil. The molecular diversity of denitrifying bacteria was analyzed by PCR-based cloning and RFLP ( restriction fragment
length polymorphism) methods. PCR-RFLP analysis revealed that the percentages of OTUs to total clones among groups I
to VI (0,0.01,0.1, 1, 10png/g and S0pg/g, respectively) were 48.30% , 41.88% , 34.78% , 33.62% , 25.42% and
23.81% , respectively after the ENR addition for 35 days, and that the percentages were 29.66% , 24.24% , 18.10% ,
16.67% , 15.83% and 14.39% after the ENR addition for 70 days, respectively. The effects of ENR on diversity of
denitrifying bacteria were enhanced with the increasing ENR concentrations. The results showed that the Margalef Index in
CK was significantly (P <0.05) higher than those from soils amended with ENR after 35 days. The Margalef Index in CK
was only significantly higher than those in soils treated with 10 g/g and 50 g/g of ENR after 70 days, respectively.
Shannon-Wiener Indexes in CK were significantly higher than those treated with ENR except 0. 01 g/g after 35 days, but
the Shannon-Wiener Index in CK was only significantly higher than that in the soils treated with 50 g/g of ENR after 70
days. Our data indicated that the effects of ENR on diversity of denitrifying bacteria in soils at lower concentrations (0. 01

g/g to 10 g/g) were decreased with incubation time.
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Bi#yh B (enrofloxacin) YN B £ FHLUEZS , ©T 2 T o W B BB IRTT . B2 A YLK
G AU SEB B M RE T B 2598 UFITEAL & W AR =2 1 7 R &38R SFHEM Y i A £ 3R,
St KB KRS T SRR A S R W B I R AT B, B LR R A R
Bty ExtHy A A S MR mE A RE DY . HIEMEY R HIRAESRENEEARES, P+
B AL E Ry LRI ) S R R A R RIER . MARPR L3R B 40T ,65% B A A iLEe T,
SRR 8 i AR AR BRER B A AL W AR X R A E T . R ROREALAE AT, RAOR B B &
RS, BOVERKE ek BT IR AR, [FIB, ROEAGAE F AT LA KBRS RRTS Je ), XI5 e IR L T A W)
BR A BT I5 Kb ik KRS o B REREE (nosZ) R CAHME R, HREA R
PR B I nosZ FeR ) ZAEMERT R AE AL 40 T I BETE S5 M FN Z2E0E , EE B EOR4E PCR 1 2
R 2438 \PCR-RFLP \T-RFLP &5, 3X S6RfF 5 XA [RIPA5E o 1Y) nosZ ZEH AT T 4047, B A0 FRbR 1 48 (B 3th L o
TR BT B & BUR RS 4 B B B I SR AR SCR AL — RE RS (nosZ ) 2 R 4% 5
HES | P18 1+ 1% 5 DNA, F-X1" 38 724 3547 RFLP (restriction fragment length polymorphism, BB F B K &
ZAME) i, B BIEY B X TR LA T SRR . BTE T AR B2 R B AR S RO B AR SRR
HISTESEE AP ZY R = B2 G 3R A SRR I 5 /AP SR HE 3R AR
1 HREH=E
1.1 #hk

(1) 13 RA%EERY AR B 10—20em + 25935 38, @R, T4,

(2)25%  RIEVE(98.5%) Wil E B 25 A BRA A, #5 :050821-2,

(3)AUAS  HIKBER R RS, & UVItee 24 H] ; PCR §344X , #E[E eppendorfMastercycler 3 7],
1.2 Fi:
1.2.1 W ECH]

TR A B DNA 2B S bk . 0. 1M #%ER 44 (pHS. 0) 0. 1mol/L Tris-HC1( pH8. 0) .0. 1mol/L EDTA
(pHS8.0) .0. Imol/I. NaCl 1. 5% CTAB, K4 Fi.

50 x TAE;1 x TE;LB #5575;2 x YT 5575 ; X-gal ¥ (20mg/mL) ; IPTG YR 554% B 73+ ve b L d6 e 46 3
" B
1.2.2 3L

it + AT dmm G5 T2 IR T AHCE 3d, 2028 3] 250ml =M, 150g +/9, I A [RIE B i BUE T 2
BREEHIEPEY S BN 1 HO0ug/g . M4 0.01pug/g MAH 0. 1pg/g VA 1pg/g. VA 10pg/g. IH
SOpg/g, B 3 MER, K IIEESKERBIEAFKER 50% , HEA ESIERRERES O G/ =
FNE T 28CIEIRIES . IR TR LI AR, FIFRE 205 B 5% 3d 181 — IR 58K 47
1.2.3 +3EEFEE DNA F3REL

THZ5HT 1d 25555 35.70 RREMERBT I, TIRAEE DNA WIRECR A SDS mihik, 2
Zhou 2"V Iy ik HEATIE B E . BASRINT : HEEIRA SR 28 TR, IIARAEH ROBIE, R
5 7.2mL DNA 2B P 3R B A 30mL B0, I 0. 8mL %5 T B 8 H 24 ¥k BE O Smg/
mL, J§%4],37°C,2251/min ¥ 30min; Al A 1mL 20% SDS, 1847 ,65°C iR # 2h, HA 4R 1Smin 4548 1 1%,
3000r/min, Z.0> 10min, IR E3E T 55— 30mL B.08 ; TEPFEIMA 2. 4mL 32EZE 1 0. 3mL 20% SDS 2
BWEEIFE I BV s IMA SRR R E A A (A @05 7 5EE =25:24:1) F BES,IBS, B.0, % E
BRIMAS R ED RS, B0 U B A 0. 8 KFRM RN EE , IR T ## B ITHE 1h,9000r/min 2.0
10min, 3% B, VIR 75% CEREVE 2 WG UTEM 0. SmL TE 22 Wi (pH8. 0) #EATH R, - 20 CLRTF
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HUS DNA 729 SuL 7E 0. 6% SRR MEEERE 17 B ik , e Ik if i F§ A\DNA/Hind I {E 24 DNA #r#E4r 1 &,
SHMT TS IK AR
1.2.4 SEH_FRRE nosZ FH K PCR P14

5|¥) NosZ-1211 F 5’ -CG(C/T) TGTTC( A/C) TCGACAGCCA-3’ I NosZ-1917 R CATGTGCAG (A/C/G/
T) GC(A/G) TGGCAGAA-3” " iy EigHI8 A W R PR 714 il PCR UM 1A R : DNA 47 4 (50ng/uL)
0.5uL, 3|4 F #1 R(20pmol/pL) & 0. 5L, dNTP (10mmol/L)0. SuL, Buffer (Mg’ * 20mmol/L) 2. 5pL, Taq %
A (W 8 TaKaRa 2AH]) (2U/pL)0. SpL, #MK 2 25uL, PCR ¥ 34 [ B #2 7 : SR A “ %95 " PCR ¥ 3 ,94°C 1l
A5 Smin ,94°C40s,60°C30s,72°C 1 min,2 MEH,94°C40s,59°C30s,72°C 1min, 2 MEFF,94°C40s,58°C 30s,
72°C1min,2 MEH,94°C40s,57°C30s,72°C 1min, 2 ME#,94°C40s,56°C30s,72°C 1min, 2 MEFF,94°C40s,
55°C30s,72°C1min,30 MEH , B /)5 72°C FEfH 6min,
1.2.5 ¥ 1™ Y sekER RELP 347

1. 0% M BEIE (& 0. Spg/mL EB) B3k PCR 434 7= ¥y, 1157 & (W B TaKaRa 23 #]) B 2ift B i R
B MR RIRMALRULHIAS, FH pMD20-T vector i fAiX 5] & (1 B TaKaRa 24 7)) Xf EIY ) PCR 4 #4778
R, #AALFER 3 W, APk 3 IR T A BB, FE{& pMD20-T Vector HHF1E5 9 M13 X 5 f& ™
Yyi#EAT PCR ¥4, 5 A HHEE R/ Be (29 700bp ) FY TERE .

K BUAT 1 M13 33 B 3RA5 4979 FBR 1 14 N ) B§ Mspl 1 Rsal £ 37°CE§Y) 2—3 h, BEUI=¥IH 2%
M BRHEEEE FBL VK 7385 DNA J B, BRI Z S P P R R RB G , Ge it D) BT ) DNA Jr B,
XF L TR, B R LAY TR, TR LL“0” R, /NT 100bp [ F BAE BB HE BE L E 3T B
S, AGET, R SAS B S Mk (4 i R 2E 4 AR P A T AR SR 28 AT
1.2.6 HESEHZHERNER

XF B FERE B PCR 434 P~ W AT BB U) J5 , 18 B R A3 4 8 8L, B — A s BB KR T —1> OTU
(operational taxonomic unit, #/E7F2EHIT) , WAL [F K OTU 347 A [7] 4 BE 245 9 b B2 1) S 1 A0 40 8 e v 454
ZHEME, R R &

$ .
Z#:H Shannon-Wiener $§4{( H') H =- Y PlnP, P, = %
=

FH,S O nosZ F:[A RFLP @ 35RI%L  ni N5 @ B nosZ F[A RFLP RAITaRE%0, N Ry B v FE %N,
PIFh R B F Margalef #950(dy,)  dy, =k

InN
2 ZR5HW
2.1 I3EMEY)E DNA FI$REL

IEAE S DNA IR AN 4 FAES MR P RER N LI AR Z —, IR R85 R &1
) DNA BT 5 G250 00 RO FERE , DR MG B 0 A0 ELSE T 4 T MU BRERBE AR M I SRR vE R R B L . ARBFSE
K FH SDS b AR A 40 & DNA JREHTF (& 1) ,H DNA - Bt#4 23kb, H DNA &% %, DNA (112

BN 10pg/g T4
2.2 HFIEREE nosZ FA ) PCR 14 & wi ks

SDS Rk iR B E i & DNA ok & B b Ab 3, 38 S B 5 Bl v B T R ZRIEL R nosZ
FEH G| Wy e BEEY 3, FF IR IERA K BE (29 700bp) (¥ PCR =4 (& 2) ,

WL nosZ BHY W BE S BRIARE RS BB BRZ S, BRI R T, RMEM PCR 1 4 E
AR R P K R P SR ) v (BRI MR R AR . GRR, AR 2 MM A PCR B K EAR
—EA NP, T PCR 4@ AR, TR R AR WE LT, EEH PCR L EMLEEH. B
W FRP AR S A, SRR X , PR FHPESE R H PCR 485 , T AP R b A5 2 PRI B 4 7
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2 nosZ BH PCR =¥ 3Rlg ¥E R K E
Fig. 2 Agarose gel electrophoresis of PCR fragment of nosZ gene
1—6: PCR 7% PCR fragment; M: DL-2000

E1 RS DNA SRES YR ik E
Fig. 1 Agarose gel electrophoresis of total DNA
1—6: Jj. DNA total DNA; M; A\DNA/Hind Il

2.3 JEfET RFLP 7p#7

PHIEERER) PCR F=412R Fl MspI 1 Rsal W7 BRI P 9 T BRRG D) 2047 , R4 F B BRI QL& 1. . i T
V) B EBOR, RAI AR B T BE B Rk 45 2R (B 3) , Je ke 7 OBV 45 SCE 1 A R 3 U BT AE R
MR AL, B — A IR R AR T —4> OTU,

1 2 3 4 5 6 7 8 9 10 11 12 M 13 14 15 16 17 18 19 20 21 22 23 24 M

600
500
400
300
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100

3 ITEAREN_RIEEE nosZ EE K PCR-RFLP Eif
Fig 3 PCR-RFLP profiles of nosZ gene of nitrous oxide reductase
1—24. RFLP 287 RFLP patterns of nosZ gene; M: 100bp DNA Ladder II

7SI ENR J556 35 K, 0 HR4 OTU $0& K& OTUs 5 FRE 4 ¥ m THRmAmAa(ER 1), I —VI4H
i OTUs 55 EFHE 505 :48.30% 41.88% 34.78% 33.62% 25.42% 23.81% , RAbFHpBA—TF
¥ 5 BT T LB a3 . T 4131.29% (4 22.22% (M40 19.57% V41 14.66% . V41 11.02% VI4
11. 119% , X HR 20 ) B — S R Jr o B9 B 808 TR 25 9 4, EL BB 25 W vk BE 38 KT/ o

I ENR J558 70 K, 4 HR4L OTU $e& & OTUs 5 F M E 4 B m FRmAmA (£ 2), I —VIH
i) OTUs 552 F B 4 kb5 :29. 66% 24.24% 18.10% .16.67% 15.83% 14.39% . &AbFHF B —T7
5 BT B a8 . 14 13.56% . 125 11.36% M40 6.03% . IV4 5.83% . V4 5. 00% . VI£H
2.27% ,
2.4 BB ZFES T

YA RETR G540 ZRETEE S SRR AR BGHET IR, W N ENR J5 58 35 R (R 1) W BAME L = FR R 5
nosZ F:[H RFLP ZAEMEFREGET = T I INZS Y& 4, BN 25 P 41 1) Margalef 3550 5% 4L L, =R BE (P <
0.05) ,B&T 0.01pg/g 4, HE K4 Shannon-Wiener F550 5 %1 B4 H 322 R B3 (P <0.05) , MK E A
(10pg/g F1 50pg/g) 5HEARHK BE 25 W) 4 Z [ (1) Margalef 45401 Shannon-Wiener $§5( 22 R .3 .

UM ENR J555 70 X (£ 2) A BRA M AN R JRES nosZ FEH RFLP 4347 ZHEMEFE B & T Nz 4
FH o 10ng/g 1 S0ng/g PIZH 5XF BRZH L Margalef 354122 5 .3 (P <0.05) , H'E 45 244 1) Margalef #5415 %}
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AW, WERAEE, Opng/g 5% B4 . Shannon-Wiener 882 R B % (P <0.05), HE£HK
Shannon-Wiener 3§ 5 5T BEL LL , W E R A BE

1 & ENR 5% 35d S " RITREE nosZ B E RFLP 517 B {155
Table 1 Diversity of RFLP patterns of nosZ gene of nitrous oxide reductase after the ENR addition for 35 days

413 L TiEF OTUs OTUs 57if& Margalef Shannon-Wiener

/(ng/'s) % /A FHETIL % ¥ (dy,) e (H')

I .00 147 71 48.30 14.03a 3.87a

I 0.01 117 49 41.88 10.08b 3.48ab

I 0.1 138 48 34.78 9.54b 3.25be

v 1.0 116 39 33.62 7.99b 3.21be

\4 10.0 118 30 25.42 6.08¢c 2.67cd

Vi 50.0 126 30 23.81 6.00c 2.60d

[RIZ e ToAR ] 7 B, Fon 22 5t B 3 (P <0.05)

&2 HhENRJSE 70 XEHL ZFEFEEE nosZ £ FE RFLP 547 S HEIEH
Table 2 Diversity of RFLP patterns of nosZ gene of nitrous oxide reductase after the ENR addition for 70 days

415 HYai T OTUs OTUs 57 Margalef Shannon-Wiener

/(pg/8) /A /A FHEI I % % (dy,) HaH(H')

I 0.00 118 35 29.66 7.13a 3.10a

I 0.01 132 32 24.24 6.35a 2.85a

I 0.1 116 21 18.10 4.21a 2.34a

\ 1.0 120 20 16.67 3.97ab 2.34a

A 10.0 120 19 15.83 3.76b 2.24ab

Vi 50.0 132 19 14.39 3.69b 2.08b

[RIZ e ToAR ] 7 B, Fon 22 5t B 3 (P <0.05)

3 g
3.1 MY DNA 3RER

N SR A i PR R 4 4 R BE TS 39U M B SRR R O RE R — FH AT AT O 7 1, 3F B4R R B4
B E RAMIFFE R o BT IR S A ) SRRV B R B R M, B B A SR R X S
R THE 3408, B2 88 B0 EE M94% 0. 01% —10% T AR 32, 304 1ok A ) 76 1 435 3 T o e A K ik
PR RN R R B R BUME W10 24 DNA B0 T 7E B 35 R p I I e R 2RV P, BRI °F B 5
S A3 BT W) R R IR DL, AR G R S BN e BT S, IR E R, AR
W, KA 90% LU _E I MIREUH 135 DNA HR L B AR ART R B B A B BUR 2 AP .
it A WA T A T A A SE B ST, o4 2 DNA WO3REL, B AT, EEA BIF 7 R %M E Y DNA, — 2
IR EEAAMAY , B DNA ; 75 —Fp 2 5o A Y B RS 380K 01 , B4R EL DNA, — Bk 38
— R IR BUR . ATFSUARYE Zhou 25 A\ 18 9 SDS 5 £hHE BEATIE 2404 B, $RH 1 43 ) DNA 43
T4y 23kb, AMUIREHK DNA &85, BLAEREtR , AN 2 Ah5E 24 7 B 5k REVE M BAR B 32 T PCR 8% (0
REFBNTCLY 1 B R B, AT fE2 DNA 2B 5 A Xt Taq BEEA MHI/E R MY B B o
3.2 PCR-RFLP 43 #7 +- 3850 A W 84k — Rk [R5 nosZ K A

H i, PCR-RFLP B2 Fi T W SR v R A S F5T A7 . PCR-RFLP 2% K B (9 tDNA
FE 5, AR 0 BR A OB TR/ N R A ], St R K I3 B T LI 0T o A A B 9 F 4 R R
LYK R IR BOK BN IR B — MR RIS B PER G 3, AT PR 2R R RE A, B
B, LR 2K A B, KB B E B KA S E. B R JEEE (nosZ) 2 WAk 40 i) 2
B, 3Tt 458 T PCR-RFLP 2047 7 A R 1 398 RS 16 B 8 AL — OB SR nosZ £ IR I SAEMEDS A
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FEUA T 8 DNA J9itR , PCR 338 T AL — RIE IR nosZ F: [, I MspI 1 Rsal Wi7# PR 14 P4 ) Bt
FTRUEGYD, VK 2B DNA i B B2 TR E K OTU, Al B st AT L E MRl S AR L B 20T o
3.3 BV BN R R R Y SRR R

ABFESTE TR AR R, M T 28 WAE T LR AL A B B SR, SRR, 2R 5
35 RANEE 70 KXt L OTU ¥ & OTUs 53gke 1 HIH 2 b T A2 W4, Xt iR 9 B — e e 7 Bir o EL
Bl R TEmZG 4. OTU BB/ L 0TUs 53k T M A o @K, MBAEYKMEL W+, 58—
VekE T BARFNZ OTU [ 5 BEAR/D (B R 2 A7 7 B — Sl 7P o LU 22, W AR 5
@ mZs¥yja OTU $ui/>, 0TUs 5 5 [ 1 1 4> EUREAIR, B — Tl 1 P oy LA ek >, 3R 0d A 7 25 1 B 1 A
T, BB A A B B R, AP A M R B R, B R R, BT B
DURILHLR BE LB st 00 1] 40 8 e ) 2 B =2 IR B ER 9 DNA. [RIGERG , (RN B T 55 . EMBFER K,
TP EMB IR R, TR AR E R R B AT 2 R0 A B, B Bt A Y Y
SERISIUT N - AN > R > BB, HOB v 1 FIBEZS YW BE G 55 £ 0. Olpg & 10pg (B ANT MR o B
b, BiE U B T S G R DNA B, 4 AR R, Bk B & B, gl il i s i A 40
AL MEBHER/D . 5 35 KX IRALR) OTUs $LA K OTUs 53ake 1 - LLIILLEE 70 K%, XAl g2 L 47
=P BCE R AR, AT RO A B AR, AT A2 ) SRR R R B D

Shannon-Wiener $5%U BYIF ZAE{k , Margalef 35 %00 B Fh 5 12, iR 1> B A B X L3RR (LA W 4
PRI SRR R AR, FEEZWIERT LA R, R4 (0. 01—10pg/g) M SHEEFEEL
5% R 2H =2 18] B 22 5 A8 /0, U B 25 ok BE S A oxe - 398 S i A 40 B oA AP B 2 e - B0 R T S K T3 9 o
JFHERZHEE, B, TER—-NERNESER MM ESREN KRR L HREG SRS
R, BB 700 LA KB R pH A YU TCHLR % Y BExE B U B RO B K i | SR AL S R VR
B TN, ST YRR Mg™* [Ca® FLBE T BBV EREES, I b L2511 %
W PR T 254 (S B L3R SEBR 2 VR BE AR . R B, IR R R R S A
FRE L A LB Yxt B B AU, B AR Yyt RERE AR 33 b i BV VD B, AT R K 2 - S A )
AP, B, KB AN SRR S X A W 2R TRARE . (AREY BIEIT MR %
18, 4R P RIAR R Rk BE R RVE YD 2, W R Dy 3 A W BB s/, SRR T M, T M AR A2 - 430
WS

A3 RELP J5E0T5E T R AL B A AL — RIE IR B nosZ 2N B ZREME , BESE B3 T iR 25 W5 il
TREMRE SN RGRSE R , B UGG nosZ R FFFIMEFTT 5
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