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N

B OE RMEAREIRIIr I A DA TR R R ) 4 3 35 FH v 23 B e £ S R LN TR RE R (200273 ) Oy
WE— A JBRIR AN BE IR ) BT AR , e P B A R I R PR CY BEAT B9 AR A BAE AL 16S tRNA JE [N 751 A1
RLPES A, H25E HEN 28 FAT BB (Bacillus sp. ). AR50 CY BRI 05 iR S04k, Bk CY 7 30 d Xt 50
mg-L™! ZJ0273 WFRIHRIAF] 55. 1% , % bR R A 200273 (19 550E W46 pH {5k 8. 0, Fad il 35 °C. itk
CY X} 2J0273 AR AR SRR BEE— 2 JEIEIN 2 IEMDC, AR E > 400 mg- L™ i, 2J0273 [ ff %
k.

KGR NERERE, FAEATEE, 16S (RNA, AWIRER, AR,

PR EE (210273 ) AL22 25K 4-(2-(4,6-— F AR E-2- W e S A ) R e ) 2 R G T Wi, 2 [ 7
K RAT B ERERAL B b B T8 T e AR IR ISR R, IR R C AR 2 IUE AN A%
R HAE DL ZBRFLRR A U (acetolactate synthase) Ik ", IR R HERR 5570, E2 T F BBk
TSR i R R AR 5, LA BT I B AR B A RS 10% T R ek L ik ( EC, 7
2 7)1 10% N IR IER TR (SCLah /1 2 ).

KT 710273 LE BRI fE B H 4R 5 R AT, 20273 5 5 LT A G5 8 fERUE
YERTR A LSBT CO,. 2J0273 fEA[R] 538 iy~ I AN — 5k 15 L S BEA IR J5OR 24 3 B 555
AEPRRD EHRE B I& B 200273 £ R3O R B IR R8RS B sl AR 2. ik
SRR 2)0273 A S 25 5 W E B, S 5 PR A A% Han S5 5 W 2)0273 A8+
serpn] i A B A AR T A oA AR 0, it i 2J0273 14 TH A 5 SR ROK S5 AR 1. Bl
730273 WeBE IR SRS A A R R R, A2 R A A P 4 A S PR BRI K et AR
RIEE , IR DI A 25 10 LR W e e i AR 1 i A, BN 272k s e, ANTE B R A o
BIIVF SRR U, B ARG AN BT MR A

ARG SN 1 43 G 2 S — Wk B R 200273 TR RE CY SRR RR I AR TR 05T, 45 1 T
N 2)0273 5y B PRI ) LR 8 52 e {3t IS N R R B U

I RERE ik

L1 phk

A3 - S VL5 8 H M 7 5 b A 08 0 FH P T e ok 7 T S L (382 5—15 em) 4 CLRAF B LR T
FH. B 25 DN T B ik ol o B R 2 B LA DAL 2= OF ST TR AL, fh2p 2l 98. 6% .

FLAfE SR (MM, g- L") :K,HPO, 5. 17 ,KH, PO, 1.70, (NH, ),S0, 2. 63, 5% 10 mL,pH 7. 0—
7.2 ([ MM Fh0 15—20 g (BUA8) . 2J0273 75 MM K5, A H1 % 50 C A4 TNA.

VW (g-L7") :MgSO0, 19.5,MnS0, 5,FeS0, 5,CaCl, 0. 3.
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LB 53k (g- L") (ZE IR 10, BEEEH 5, NaCl 5, pH 7. 0—7. 2 ([ {& LB F5 0 15—20 g i350R) -

PR i 5L 24 VR B 20000 mg - L™" . AR S5 T FH 245 5 S A3 BT 4tk )
1.2 RRIAR A S0 B R 12

BAFES ¢ AF]F 2J0273(200 mg- L") ) 100 mL MM 1, F 30 °C,130 r-min " 3% K d & £ 5%
It B0 6 d PO TR IR FEAP A [F] 10 5 AR IE IR AL SR O 10% (V/V) RS 6 IR, RIS 100 pL
R RO FER RS, B IE B MR BE VR A T 210273 (200 mg-L~") i) MM SF-#h,30 C 537 6 d. HEHL
HA RIS FIE A S v e fh T MM SR (] F) | JEZeRIR A i 57 10 0,155 S dRalif ik ; AR5
JELAEAL TR MRS R T LB JE IR LA R 15 h(O0Dgy, = 1.900) , BUR WK 2 mL 2.0, WA IAE] 20 mL &
7J0273 (200 mg-L~") MM 7, 730 °C,130 r-min ' K PR 555 15 d, 2K BUF HPLC 5 HLRE R sk
R, VIR RCR = TR CY SEATHESE.
1.3 Witk CY %E

PR IE S S A B AR 0 A 2 BROSCHR [ 18 ] R4 T. TR AR 16S rDNA IR 4™ 1 K 5 91 I i 546 %
AW TR ORI ) A R W S8R SEB AT - (1) 281 T E T 50 pl Lysis Buffer HhA8 1, 2 4%
:80 °C,15 min, SRJ5 B0 E R A AN (2)50 Wl PCR JROWARFR : BB PERNHE 1 pl, PCR
Premix 24 25 pL,Forward primer (2 x 10°° mol-pL.™") 0.5 pL,Reverse primer2 (2 x 10°° mol - L") Ky
0.5 wL,16S-free H,0 S}y 23 pL. (3)PCR ¥ 1% 4:94 C,5 min;94 °C,1 min;55 C,1 min;72 C,
1.5 min; JE5 30 Y& ,72 CHEH 5 min.
1.4 BERRAYRE IR TE S WA T

VKA IR CRAE R T AR R T 100 mL LB AR5, B F 30 °C,130 remin ™' (Y42 IR P IR 15
F& 15 h, FHE 3% e i Ei A 2 100 mL B o0 LB, 1557 15—18 h, (0D, =1.900). Btid & bk
PR , 520> (4000 r-min ™", 10 min) I JC 1R 25 BEER /K PR ¢ B A, B30 25 T VS 14 T MR R 35 o )
[
1.5 54 2J0273 HySRIBRII &

20273 R K4 R b = AR Y B SR (20 mL) % A 100 mL S0 3G 2Fob, 23 S0l s — 5 b
60 mL(fAFLE A 1:3) ZEPHIKR , $5 5 2 min, i &0 J2 A HUHS R FTE JF S W B AH T RIS B
B 7S R AP ZE R BT ORI IREZ 2128 50 °C) , Rl A8 JOTE /K HBE 20 mL 35 %, = S50MOAE (3%
I 7E .

710273 & AYME >R HPLC 1, LAAMR 5 & HPLC I 35 19 251 : €435 4% : Arcus EP-CI18,
4.6 mm x 150 mm,5 pm; il : 230 K - UV (Waters 248 ) i shiAH(V:V) = FIEE (A5 4% ) « K (&
JK) = (90:10, V:V) s K K :254 nm; 3% :0. 8 mL-min ' ; FEAERE .20 pl.

X(% ) =C/Cx x100%

P X SRR, Co 25 AN BRRE AR BRI (mg- L"), Cy AL FIRE S 3R PRV (mg-L71).
1.6 ZJ0273 [alCR iy

o T PEAR 230273 £E MM H g [l e, B BGE f 20000 mg- L' (1) ZJ0273 JE 25V TR N % MM 75
F|— R HN &AM EE (50 mg-L~" 100 mg-L~" 200 mg-L~" 400 mg-L~")ZJ0273 [y MM, #% 18 1.5 rhi2
WU, 228 2J0273 (3 A~# ) ,HPLC Yl ZJ0273 75 MM Hy iy [ i 3.

2 4iR5E

2.1 ZJO273 [k v 0 1 3 15 45 A BAE A

TEF 2J0273 () MM PR, BRIRCS BRAS ) TE S5 A TR, AR g Tl , DN B 95 15 d J R RN
20273 WIREMEAR (R 1) B UM R R A BIRR CY A SEu s ik , 00 FC AR B A AR R A e g 5 A T 40
BT



8 4 BERRHR AT VR S B AR 1 CY 10 B M LA e 1435

F 15 BRERRXT 200273 ()2 R i 32 S HOB S RPAE
Table 1 The morphology and initial degradation rate of ZJ0273 by five strains

BQ80 PT12 W13 w73 cy
G e 7.08 11.95 14.16 15.93 24.11
Bk R LIRS RS Y AR

S 3o P U S5 B P, R 0 5 WA SO S5 BT, V. P ML R A0 B WA I, K B
B 7 H,S BRI R I A A K

-’/.:/ i ';’\ >
15kV X 10000  Ipm

1 CY fyHBEAEA ( x10000)
Fig.1 Electron microscopic photo of strain CY ( x 10000 )

2.2 [EERERR CY Mt Ar

PATRPR CY 5 DNA J#5iti, AN 16S rRNA 3l F 5| 9dtfr PCR 9737 15 2K Z L0 1427 bp (99
HEF=Yy MR S AR ) R CREE ) A RS RIAGIN P 45 2R, 7 J5 7 GenBank 5%, F1| ] BLAST #ff73
#r, #l Clustalx1. 81 FEATXFLE, 5 HE HAR AT 16S rRNA B[R] L BEA T L BSRMT , Btk CY 15 B. flexus
(B3R5 FI861081. 1) FE Y [RIRTETE 99% LI . 455 A FRAE AR CY %8 27 JAT 818 ( Bacillus sp. ) ,
BEFAMEGA4. 1 BRI SBIEIE M R G A B (1 2) , 1 Bootstrap #EAL/MHT (L 1000 1)

r Bacillus.sp.B-1013(DQ270722.1)

™ Bacillus sp.SRC_DSF20(GU797302.1)
Bacillus flexus strain MDLD1(FJ861081.1)

99 | Bacillus sp. By186Ydz-hh(EU070382.1)

Bacillus flexus strain HU37(EF101733.1)

Bacillus sp. KYJ963(AF217809.1)

Bacillus sp. TS27(EU073093.1)
CY

A.baumannii(X81660.1)
I Nitrobacter alkalicus strain AN1(AF069956.1)
og | Rhizobium alamii(AM931436.1)

2 Rtk CY ARG EM
Fig.2 Phylogenetic tree of strain CY

2.3 Z7J0273 SRS

2)0273 1 MM r i [T R AR S 2 BN 2 s, JLRISCR I 7E 92. 1% —100. 3% Z [, 22 5% R 5L
£ 0.3%—6.7% 2 [i].

2.4 RIS pH XFTEERER CY FEfE 210273 Hy52n
1E ZJ0273 e 200 mg-L ™", 97tE pH {434 5.0.6.0.7.0.8.0.9.0 f{y MM (20 mL) 5, ¥4 Fh
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10 10% [T (ODgg, =1.900) B0 B0 )5 AR TE A F] ik MM 8 30 °C,130 r-min ™ $R K H 5
7230 d, 4508 5 d WOHARE S (RN EE AL 2 AS) Il Z2J0273 [k B &, W&l 3 FroR, 7E MM o, 24 pH {Hh
8.0 I, CY Xf ZJ0273 FEf# SR IAT , pH BN 6—T7 I, FEARASCRILLT , 2 pH<S5 5 pH=9 I}, bk CY Xf
230273 (1 REfie 71 B S R ALK

&2 710273 fylEI R
Table 2 The recovery of ZJ0273 in culture medium

50 90.7 103.5 95.0 96.4 6.7
100 105.5 98.5 94.2 99.4 0.3
200 105.0 98.6 97.3 100.3 4.1
400 96.5 85.8 94.1 92.1 6.1

2.5 RPEXRPR CY [ 2J0273 (520

7E 2J0273 ¥ JiE 5 200 mg« L™ 1) MM (20 mL) H KRSy 10% T TR (ODgo = 1.900) B0, 5.0
JE I B A B3R MM 43518 F 20 °C 25 °C 30 °C 35 °C 40 °C 130 r-min ' YRR H1 153530 d,
BB S d BUbiaedh ([ L) 0 E 210273 15k B . 45 R ANIE 4 P, BRI Al B O 25 C—35 C,
MUREEALE 35 C I, FLRE A SOR B i, B A a5 21 53. 4% 5 24 <20 CFIR B =40 C, B kxS
2)0273 [RRCREZE R PRI BESE CY A M ILIRE DX 1] 5% i 1 52 32 410 1 1 2

100 100
90 - 90
s L L
Raol ;80 -
®]_ T [
«© 70 - |70
s r [
= ol
N 60 |- —a—pH50 —e—pHO6.0 E 60 —=20C —e-257C
I —«pH70 —w—pHS8.0 r —430C —v-35C
50 - —«—pH9.0 50 —<40C
40 I 1 1 1 1 1 1 1 1 1 1 1 1 1 40 I I | I | L 1 1 1 L 1 1 1
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Fef R)/d Fisf H) /d
3 BiFRIERILG pH EXT CY AR 2J0273 f)R2N B4 EEXTER CY R 210273 (520
Fig.3 Effect of initial pH of culture medium on ZJ0273 Fig.4 Effect of temperature on ZJ0273
degradation by strain CY degradation by strain CY

2.6 HEAPEXTER CY FEf# 2J0273 15200

£ 20273 HeFE R 200 mg- L™ (Y FEREET SR EE R, 0L 3% 7% 10% 15% 20% 4 i db B, B
F35 °C,130 r-min " AUFERR ;55 30 d, WA 2J0273 AR BE . AL S AT, R Rl 3% —10% i,
7J0273 1) R figp 58 Bt A e RS I I O 248 i = 10% I5F, ZJ0273 1) R i 58 i T Ha
2.7 REGHWRBEEXE M CY FEfiE 2J0273 (15200

W AR 10% B9 T T (ODgyp = 1. 900) 5.0y, B0 Ji5 A9 18 1A 422 A 31 3% A W] ¥ B (50 mg - L7
200 mg-L~",400 mg-L"~")ZJ0273 f#) MM (20 mL) 1, % F 35 °C, 130 r-min "' BY¥E R PR %155 30 d, [
PSS O IR (50 mg-L7") ,A5R 5 d BOhRES (TR ) il 210273 5k B8 i, 45 AN 6 B, b vk
BT, CY Xt 210273 9 W fift BE 71 72 i AR, 249K 50 mg« L™" A1 200 mg« L™", & fif 343 51 3k 5
55. 1% F153. 4% ; 49k i =400 mg-L "B, Bk CY %F ZJ0273 (15 f7 52 24
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100 - r
L 100
80 90
§
g 60 < 80
= ¥
L 270
a 40 @
N 60 - —.—22[ 50 mg-L!
2 N —e-50mglL!
50 - —4—200 mg-L!
L —v—400 mg-L!
0 40 1 1 1 | 1 1 1 | 1 | 1 | 1
3 7 10 15 20 0 5 10 15 20 25 30
AR/ % s A /d
Bl 5 A bR CY FEf# 2J0273 fyR20 6 7J0273 JEURHREEXT CY R ZJ0273 (R340
Fig.5 Effect of inoculating rate on ZJ0273 Fig.6 Effect of initial ZJ0273 concentration on
degradation by strain CY 7J0273 degradation by strain CY
+ A
3 émlb

(1) M= H b 7By it 5 Ak L 210273 Sy ME— B USURIRE TR A= I R BRIRE , 9 16 ) — BRI i A< iR 1Y
PR, T2 o CY , LS AR PR ARFIE & 16S tRNA J 81| 45t HR T 2F AT s ( Bacillus sp. ) .

(2) MRAEHILIETE, CY FEff 210273 115l pH {Eh 8. 0, Fidi i 35 °C, FEMRBOR S 01tk e ph i
TE—ELEIR LA ; B Z)0273 W EZ I T1E, CY ) ZJ0273 F Ak BE 1B Wi A ; B 451 7,30 d
NEERE CY XF ZJ0273 1[5k 55. 1% .

Z £ X #
[ 1] B, BRAN, 2%, 55, 2-M0gE EUE-N-OY JE N AT A ) (45 vk OB AT P]. WO 02/34724 AL, 2002
[2] LulL, ChenJ, Wu]J, et al. New 2-pyrimidinyloxy-n-aryl-benzylamine derivatives, their processes and uses[ P]. EP1327629, 2007
[3 ] BRAS, 2% X07R, 45, BT BRER N ER B mE RO/ ALERL ) ). ORI 41k,2005,32(1) :48-52
[ 4] Zhao dandan, Liu yong li, Lan dawei, et al. Effects of novel herbicide ZJ0273 on acetolactate synthase activity in oilseed rape and

circkweed[ J]. Journal of Zhejiang University ( Agric. &Life Sci) ,2009,35(6) :633-638

[ 5] ZhangF, JinZ L., Naeem M S, et al. Spatial and temporal changes in acetolactate synthase activity as affected by new herbicide ZJ0273 in
rapeseed, barley and water chickweed[J]. Pesticide Biochemistry and physiology,2009,95(6) :63-71

[6] BRfle, Wi, WiER, % 10% WNERFRE EC BiBRIMZEAFRCR L 25 E [ T]. & 25,2007 ,46(3) :199-201

[ 7] JEPREL,WRAS, VU IERE , 2. IS B SR BR A0 N R R B A ISR [ M R 92441 ,2006,33 (3 ) :328-332

[ 81 APHEME, SR, B0k, 55, PUMREERELE OB P Ay AR B M8 JE PR 22 2 [T 4 2,2009,1(1) :50-52

[ 9] Wang Haiyan, Ye Qinfu, Yue Ling, et al. Kinetics of extractable residue, bound residue and mineralization of a novel herbicide,, 2J0273,
in aerobic soils[ J]. Chemosphere, 2009,76(8) :1036-1040

[10] Wang Haiyan, Yu Zhiyuan, Yue Ling, et al. Transformation of '*C-pyrimidynyloxybenzoic herbicide ZJ0273 in aerobic soils[ J]. Science
of the Total Environment, 2010,408(10) ;2239-2244

(1] EfB R, TH, % [A BB-U-" CIBR B + S AT B AR L) ] . i #42,2007 ,21(3) :283-286

[12] A&, B3 EHH, 5. [A F-U-"C I BRECRELE + e i W 55 R T [ )] Bk 41,2008 ,22(3) :324-328

[13] Han Ailiang, Yue Ling, Li Zheng, et al. Plant availability and phytotoxicity of soil bound residues of herbicide ZJ0273, a novel
acetolactate synthase potential inhibitor[ J]. Chemosphere, 2009,77(7) :955-961

[14] Jin Z L, Zhang F, Ahmed Z I, et al. Differential morphological and physiological responses of two oilseed Brassica species to a new
herbicide ZJ0273 used in rapeseed fields[ J]. Pesticide Biochemistry and Physiolog,2010,98(1) :1-8

[15]  #oul, TR, B BB AW RR ILAB B pisE 1], 25164 ,2008,27(2) : 181-185

[16] JuRA:, XUHT RATGRMEVERS B R [T]. £ ,2004,23(1) :73-77



1438 7 A 30 %

[17]  EZmifE AL, XA, 45, (B H IR Citrobacter farmeri [ FERRHEE S ACHIRARARAT( )] . FREE1L2-,2009,28(1) 44-48
(18]  ZRFFEk,ZEUbE. WL R G4 T M. b st B2 i hfedd:, 2001 - 353-398

ISOLATION, IDENTIFICATION AND DEGRADATION
CHARACTERISTICS OF A HERBICIDE ZJ0273-DEGRADING STRAIN CY

CAI Zhigiang'” YANG Baike' ZHAO Xiyue' CHEN Qiaoli' WANG liqun'
HUANG Lei' YE Qingfu’
(1. Laboratory of Microbiology and Biotechnology, Changzhou University, Changzhou, 213164, China;

2. Institute of Nuclear Agricultural Science/ Key Lab. of Nuclear-Agricultural Science, Ministry of Agriculture,

Zhejiang Uviversity, Hangzhou, 310029, China)

ABSTRACT

Propyl (4-(2-(4,6-dimethoxypyrimidin-2-yloxy ) benzylamino ) benzoate ( ZJ0273) is a new herbicide used

in the rapeseed fields. Five strains which utilize ZJ0273 as sole carbon and energy source were isolated from
7J0273-used soil in oilseed fields by selective enrichment culture, and a CY strain most capable of degrading
7J0273 was selected. Based on its physiological and biochemical characteristics and phylogenetic analysis of
16S rRNA sequences, the strain was identified as Bacillus sp. . When the initial concentration of ZJ0273 was
50 mg-L ™" in the basic medium, the degradation rate of ZJ0273 within 30 days was 55. 1% by strain CY. The
optimal intial pH of culture medium and temperature were 8.0 and 35 “C respectively. The degradation rate of
7J0273 by strain CY showed a positive correlation with inoculating rate within a certain range, and the
degradation rate was lower when initial concentration of ZJ0273 was more than 400 mg-L~".

Keywords: ZJ0273, Bacillus sp. , 16S rRNA, biodegradation, degradation characteristics.



