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Isolation, Identification and Characteristics of a Butachlor-degrading Bacterium

CHU Xiao—qiang, PANG Guo-hui, FANG Hua, WANG Xiu-guo, GAO Chun-ming, YU Yun-long

(Department of Plant Protection, College of Agriculture and Biotechnology,Zhejiang University , Hangzhou 310029, China)

Abstract: A bacterial strain BD-1 capable of utilizing butachlor as sole carbon and energy sources was isolated from the sludge of a mem—
brane bioreactor after successive enrichment cultures. The isolated strain BD-1 was identified as Pseudomonas stutzeri based on its morphol—
ogy, physiological and biochemical characteristics, Biolog GN2 analysis together with the 16S rDNA homologue sequence analysis. The
degradation characteristics of butachlor by this strain were investigated in liquid culture. The degradation half-lives of butachlor at concen—
trations of 1.0, 10.0 and 100.0 mg- L™ by the bacterial strain BD-1 were measured to be 0.11, 0.60 and 0.96 d, under conditions of pH 7.0, 25
°C and biomass of OD,;5=0.2. The degradation rates of butachlor by BD—1 were affected by pH and temperature following an order of pH 7.0 >
pH 6.0 >pH8.0, and of 30 “C>20 C>40 °C, respectively. The results show that addition of the isolated strain BD—1 enhances degradation of
butachlor in water. Two metabolites were extracted and identified as 2 —chloro—-2",6"—diethylacetanilide, 2,6 —diethylaniline and a possible
pathway involved in the microbial degradation of butachlor was also proposed. Butachlor is converted to 2—chloro—2",6"~diethylacetanilide
through debutoxymethylation, and further transferred to 2,6—diethylaniline by dechloroacetylation.
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Figure 1 Electron photograph of BD-1

2.2 TERRKIER I E Y=

ToALER R F2 3 T BB I TSGR AE 97.5%~
111.5% 22 8] (32 2) , X bR 22 (RSD ) <4.81%, %
AT e AE TOMLER B3 37 58 v R IO TR AR B A 245k
BA /3 AT A LR

2 TERELNEEFREPHNRMEKEFRNTRRZE
Table 1 Recoveries and coefficient variations of butachlor

fortified in mineral salt medium
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Figure 3 Effect of pH on biodegradation of butachlor
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pH 7.0 4% H K 0D,4s=0.2,20°C . 30°CH1 40 CHif
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INFEFHTE S, T BEHAE 20°C 30°CH 40 CH () il
A 1.01,0.52 F15.0 d, T EIRETE 30 “CH &
i Fre bR, R 40°CHE T iz 1 e fe ) =2 2 41 i, 7T
SRR I R AR T T R R AR TR S 1 o SR AN A
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Arthrobacter sp. WY306 X T [ (18] [ fige 9k 5 447 i sl
J¥) F ZE K T HE A, 1717 40 SCR 3 R B A AT 10 min T
L AR fpt R A T S S V) P IE < 9 i 38 3R AR AT 7 ¢
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Table 2 Kinetic data of butachlor degradation by the isolated strain BD—1 under various conditions

P
T E/:f{% e W 12507 3 g

1.0 7.0 30 (€=0.984 2% 0.11 0.999 6
10.0 7.0 30 C=10.655 3*e M1 0.60 0.883 5
100.0 7.0 30 C=107.251 9*e ™0™ 0.96 0.956 2
10.0 6.0 30 C=10.917 4%e 15 0.60 0.889 9
10.0 7.0 30 C=10.793 1*e™38 0.53 0.864 9
10.0 8.0 30 C=11.092 3#e%" 0.87 0.909 5
10.0 7.0 20 C=10.684 9*e %00 1.01 0.961 6
10.0 7.0 30 C=10.521 8*e 47 0.52 0.950 5
10.0 7.0 40 (€=9.222 4k 0136n 5.00 0.856 0




528 B 1 Ko B % OB F% % R 149
Abundance TIC:yp20hr.D\d.
9000000F A syp=Uhr.Didata.ms
A — o
-+ X‘J’,m/20°(3 - BD 1/200(3 8000 000F 9.047
-O- XfIH30°C @ BD-1/30C 7000000}
I X740 C —A— BD-1/40 °C 6 000 000 [ 5.753
10} Ageps ~ _ 5000 000
) = a 4000000 16595
'jn 8 r 3000 000 [
E ®\a 2000 000 [
ot \ 1,000 000 [
5 " a V0 CFPYTYPEPH NFPFYTYTTHTTTFTIFANY oo
= TT—— A 400 600 800 1000 1200 14.00 1600
%ﬁ al Times 500 700 900 1100 1300 1500 17.00
= , L Abundance Scan 1198 (9.047 min): if;lé'()lhr‘])\data‘ms
- p— ® o goo0f B
0 1 1 1 1 1 1 8 000 : CZHS
0 1 2 3 4 5 6 7 7000[ o
ihd 6000 F NH-COCHLL
5000 CH;
4 SRR T EREPERRR R0 4000¢
. . . 3000¢ 920 132.1 25.1
Figure 4 Effect of temperature on biodegradation of butachlor 2000[ 770 1171 1471 .
1000[28.0 51.0 I 196.0

BT R 100 mg- L7 B ICHLER S 773645 F 0 BD-1
Bige Ld Ja, TR R W AR IUS 28 Agilent
6890/5973BMSD 43Hr. Il 5(A )& T HEfe K H Ffig
PR R T P DR B I TR 16.595 min Y2
T E}E,9.047 min F1 5.753 min 192 F P> = 35 R
PR, EATT A R miz 225.1(B) R m/z 149.1
(C)o ZEUIEEAGZR Ko R X A 2 R 1)
SR 22,6 - LI LB RN 2,6- — Lk
eSS

Chen % ¥ ELF Mucor sufui NTU-358 fE% T &
Wtk Ry 2 12 AR 8, %o i T b o
Pl AN R 2-4, -2, 6, - BRI 2-FR
-2',6" - IR WA 2,6,- LR (N-H L
Mtk —7- 2 H-2,3 "M 2,6, - LIk LAY
MON-H3E-2-%,-2, 6/, - = Z 3 Z B2 B ™,
Chakraborty 4R 8 T 2 # 1 1 B & Fusarium solani
H Fusarium oxysporum £F pH {H A 5.2 A 1 fE
SRS T R , R 2 /0 30~32 Bl AR =4, I %
SEH T H A 12 B, T R Y R R R A A
JE A T R T B S D AR R T e S
S itk i MO K R P o I e B A Y B BR A AE
%[24]0

FEAR 5250 BD—1 X T 5 i 4 W fige ] e 2 e i
J SR L T o A N 2-F-2",6' - LR LR
iz , 30T PG S 2 RSS2, 6 — 2 AR , e 2O
SEA LR SEIAY . X 5 Chen™ il Chakraborty ™45 A
FEE R T R T 45 SR AE R R R AR 5
hy B

0
20 40 60 80 100 120 140 160 180 200
m/z——>

Abundance Scan 536 (5.753 min): yp20hr.D/data.ms
goo0f © e
8 000 CH,
7000f
6000f NH,
5000F CoHs 149.1
4000
30000
2000F 421 ory M 207.1
1000[280 59.577.0 105.1“ 165.0 191.1

0 20 40 60 80 100 120 140 160 180 200
30 50 70 90 110 130 150 170 190 210

m/z—>

B S TERRERESHSEFRE )M
REMR =R BUEE (B .C)
Figure 5 TIC chromatograph and mass spectrums of butachlor and

its biodegradation products

3 #ig

AR BEA 245 2 7K J5E A 0 SO i v o 785 38—k
RE LA T B A e — R IR A RE TR AE K TR, A da h
BD-1, % 5 i FC (B B840 5 ( Pseudomonas stutzeri) ,
Pseudomonas stutzeri BD—1 X T ¥ g %) [ i 2 BE 32 4
25, pH (E AR SF R 520 . BD-1 X T Hj
HIRERRAT & — S Bh S22 E, X 1.0~100.0 mg- L™ 1Y
TE A BT R RREROR 1.0 mg - L7 T RE A B £
RN 0.11 do BD-1 7EA[A] pH Azl B2 X T B
iz (1) R S A FH >4 pH7.0>pH6.0>pHS.0, 30 “C>20 C>
40 °C, GC/MS 43HraH , BD—1 X T B Jie (1) e fift 2 i
Aok ot S P T e SEBE A B 238276 - LR LR



150 /NGRS T AR AR TR 1A P 2 IR RO AT

2009 4 1 H

Tz, R 58 2 BRIk i 2,6- — KT I | Fe 28 H
FELH ARSI

BD-1 76 M85 77 56 ot T 5 e 119 R A o
J, R T RS Y 1) A B S TR SR T AR AL T 3
fiilf

S L

(L] FRAE, - W] VRN T e S BR R TE 2 A DR a5 T R a5 A 7
REFIRT]. ABERFEE, 1999, 7(3): 1-10.

ZHENG He-hui, YE Chang—ming. The behavior summary of alachlor
and butachlor in the multi—medium environment [J]. Advances in
Environmental Science, 1999, 7(3): 1-10.

[2] Yu Y L, Chen Y X, Luo Y M, et al. Rapid degradation of butachlor in
wheat rhizosphere soil[]]. Chemosphere, 2003, 50(6): 771-774.

[3] Chen Z, Juneau P, Qiu B. Effects of three pesticides on the growth,
photosynthesis and photoinhibition of the edible cyanobacterium Ge -
Xian—Mi (Nostoc)[J]. Aquatic Toxicology, 2007, 81(3): 256-265.

[4] Mohanty S R, Bharati K, Moorthy B T S, et al. Effect of the herbicide
butachlor on methane emission and ebullition flux from a direct-seeded
flooded rice field[J]. Biology and Fertility of Soils, 2001, 33(3): 175-
180.

(5] B, MEHE, BRIEZE, AF. T xR - FR e B R DR S 4
BUSZIRT]. SRR3R, 1997, 37(6): 477-479.

ZHAO Yu-hua, MEI Qi—zhi, CHEN Mei-ci, et al. Effect of butachlor on
CH, emission and anaerobes in paddy soil[J]. Acta Microbiologica
Sinica, 1997, 37(6): 477-479.

(6] AMITE, TRARIR, AT 2ERE, A5, T HOHRIR P A 3k i K
H A eI b EVKRERE, 1997, 30(6): 81-83.

YU Liu-qing, XU Fu—qiang, YU Sheng-kang, et al. The effect of butachlor
and staurn on actinomycetes and streptomyces albus in paddy field[J].
Scientia A gricultura Sinica, 1997, 30(6): 81-83.

|7] Zargar Y, Dar H. Effect of benthiocarb and butachlor on growth and
nitrogen fixation by cyanobacteria [J].Bulletin of Environmental
Contamination and Toxicology, 1990, 45(2): 232-234.

[8] Chen Y L, Liu F P, Chen L C, et al. Effects of butachlor on nitrogen
transformation of fertilizers and soil microbes in water —logged soil [J].
Journal of Pesticide Science, 1981, 6(1-7).

[9] Hsu K'Y, Lin H J, Lin J K, et al. Mutagenicity study of butachlor and its
metabolites using salmonella typhimurium[J]. J Microbiol Immunol
Infect, 2005, 38(6): 409-416.

[10] SHIAS, FEAE, 18 FSE, A5, T e o A AR e A v 19 23 01 192

S Y741, 2000, 6(6): 593-596.

WU Xin-jie, YUE Yong—de, HUA Ri-mao, et al. Isolation of
effectively butachlor degradation bacterium [J]. Chinese Journdl of
Applied and Environmental Biology, 2000, 6(6): 593-596.

[11] Beestman G B, Deming J M. Dissipation of acetanilide herbicides from
soils[J]. A gronomy Journal, 1974, 66(2): 308-311.

[12] Zheng H H, Ye C M. Photodegradation of acetochlor and butachlor in
waters containing humic acid and inorganic ion [J]. Bulletin of
Environmental Contamination and Toxicology, 2001, 67(4): 601-608.

[13] Zheng H H, Ye C M. Identification of UV Photoproducts and hydrolysis
products of butachlor by mass spectrometry[J]. Environmental Science
& Technology, 2001, 35(14): 2889-2895.

[14] £ i1, XHCR, 4Bk, 5. T R AR b i AR AR F b
BIWTFELT]. FREERLA2E4R, 1996, 16(4): 475-481.

WANG Yi —ru, LIU Chang —wu, NIU Cheng —yu, et al. Photo —
transformation of butachlor in aquatic system and its fate in rice field
[J]. Acta Scientiae Circumstantiae, 1996, 16(4): 475-481.

(15] 2 I ot [, M AR T i 280 1 10 70 8 S R R AT 52 (1)
LN IR Rl 244, 2004, 23(3): 611-614.

LI Chuan, GU Guo-bang, LIU Song. Isolation and its degradability of
high efficiency bautachlor fungi[J]. Journal of Agro — Environmental
Science, 2004, 23(3): 611-614.

[16] 7 3, b My, 25475, 25, Biolog (A=Y B 3120 R 55— 2014 %
SEPRAERUBR BT, £ dh 5 T Tlk, 2006, 32(5): 50-54.
CHENG Chi, YANG Mei, LI Jin—xia, et al. Biolog microbial identi—
fication system — study on the operating regulation of bacteria identifi—
cation[]]. Food and Fermentation Industries, 2000, 32(5): 50-54.

[17] A3k M R E, 354500 N E. AR 0 T /AR IMI. 1984, 16
50 BT R
Buchanan R E, Gibbons N E. Bergey’s Manual of Determinative
Bacteriology (Eighth Edition)[M]. 1984, Beijing: Science Press.

[18] Wilson K, Preparation of genomic DNA from bacteria, in Current
Protocols in Molecular Biology[M]. 2001, John Wiley & Sons, Inc.. Unit
2.4.

[19] Weisburg W G, Barns S M, Pelletier D A, et al. 16S ribosomal DNA
amplification for phylogenetic study[J]. Journal of Bacteriology, 1991,
173(2): 697-703.

[20] B4y, A58 B /e T S AT M. 1982, 1 b Rl24 3 A AR
#t.

FAN De —fang. Analysis and determination of pesticide residue [M].
1982, Shanghai: Shanghai Science and Technology Press.

[21] IBSCHE, 2, kEIGERI], S5 AR08 2F FAT DO K P T B i ) e A
Kegma[T]. FREERREAR ST, 2005, 18(3): 71-74.

TAN Wen—jie, LI Fa—sheng, DU Xiao—ming, et al. Biodegradation of
herbicide butachlor in water media using Bacillus amyloliquefaciens|J].
Research of Environmental Sciences, 2005, 18(3): 71-74.

[22] Carlson D L, Than K D, Roberts A L. Acid— and base—catalyzed hydr—
olysis of chloroacetamide herbicides [J]. Journal of Agricultural and
Food Chemistry, 2006, 54(13): 4740-4750.

[23] Chen Y L, Wu T C. Degradation of herbicide butachlor by soil microbes
[J]. Journal of Pesticide Science, 1978, 3(4): 411-417.

[24] Chakraborty S K, Bhattacharyya A. Degradation of butachlor by two soil
fungi[J]. Chemosphere, 1991, 23(1): 99-105.



