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Isolation, Identification and Characteristics of a Butachlor-degrading Bacterium

CHU Xiao—giang, 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 0D45=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-27,6"-diethylacetanilide, 2,6 —diethylaniline and a possible
pathway involved in the microbial degradation of butachlor was also proposed. Butachlor is converted to 2—chloro-27,6"-diethylacetanilide
through debutoxymethylation, and further transferred to 2,6—diethylaniline by dechloroacetylation.
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1.1
Agilent-6980 7683

Agilent, USA  Agilent-6980/5973B Ag-
ilent, USA  Allegra 25R Centrifuge Beckman Coulter,
USA Biometra PCR Biometra, German Eps-300

BIOLOG
(Biolog Inc., USA) =

94.7%

1.2

MgSO, - 7H,0 0.4 ¢ FeSO,-7H,0
0.02 ¢ K,HPO, 0.2 ¢ (NH,)SO, 0.2 g CaSO, 0.08

g 1 000 mL pH 7.0 (121 C
20 min )
10 ¢ S5¢g 5
g 1000 mL pH 7.0 20 ¢
(121 °C 20 min ),
1.3
1.3.1
lg 100 mL 20 mL
50 mg- L
30 °C. 150 r*min™ 1
1 50 mg L™
30 C.160 r*min™ 1
200 mg L™ .
100 mg- L™
1.3.2
Biolog
GN2 ¢ by
11617
1.33 16S rDNA
[18] DNA
16 S rDNA FD2 (5'- AGAGTTTGAT-

CATGGCTCAG-3")  RPl (5'- ACGGTTACCTTGT-
TACGACTT-3") PCR 16S rDNA
' PCR

o]

1.3.4
100 mL 10.0
30°C.150 r*min™
6 500xg 8 min o
0.1 mol-L'  NaH,PO,-Na,HPO,
2 o
1.3.5

mg* L
30 mLL
pH 7.0

100 mL
20mLpH 7.0
1.0.10.0.100.0 mg- L™
0D,s=0.2 30 °C 150 r*min™!

pH 100 mL.
20ml,  pH 6.0.7.0.8.0
NaZHPO4—NaH2PO4

0.1 mol - L™

10 mg-L™ (
150 r*min™ o

100 mL

OD415:0.2 30 OC

20mLpH 7.0
10 mg-L™
OD415:0.2 20\30 \400(:

150 r*min™ .

3 0.0.5.1.3.5.7d

1.3.6
20 mL 250 mL
30.30.20 mL 3
250 mL
10mLL.  GC  GC/MS °
1.3.7
GC HP-5
pm p—ECD,
300 C 80C
200 °C
(N2) I mL-min™
GC/MS HP-5 MS 30 mx0. 32
mmx0. 25 pm (Agilent) EI GC/MS
200C 300 C He
70 eV 30~450 amu GC
250 C 80 C 15 C-min™
200 °C 10 min 2 L

30 mx0. 32 mmx0. 25
250 °C
15 C+-min™
250 C
2 uwL,

10 min

1 mL*min™



28 1 147
1.3.8 2.2
20 mL 97.5%~
0.1, 1.0, 10.0  100.0 mg- L™ 111.5% 2 RSD =4381%
3
° 2ol
2 2
Table 1 Recoveries and coefficient variations of butachlor
2.1 fortified in mineral salt medium
/mg-1! /mL 1% RSD/%
BD- 0.1 20 97.55 1.0
1. BD-1 1 20 115 12
o 10 20 102.9 4.8
100 20 98.2 1.6
BD-1 0.5 pm~1.0
pm)X(2.0 um~3.0 wm) 1 . Biolog 10 b aean . . N
BD-1 Pseudomonas stutzeri
0.8
PROB  100% SIM 0.518, BD- A
1 165 rDNA PCR 1 422 bp 06 T
Genbank EU636 773, 04
Genbank 02 L ——
16S rDNA Pseudomonas stuizert A1 501 oo | "a . B BD-1
Pseudomonas stutzeri CCUG 11 256 100% . TR TR TR !
Pseudomonas stutzeri ATTC 17 594 Pseudomonas 101 kA_A 4 A A
|
stutzeri isolate Fe31 . Pseudomonas stutzeri isolate SR10. Losr 5
Pseudomonas stutzert strain phen8 . Pseudomonas stutzeri g 6 |
strain DNSP2 . Pseudomonas stutzeri strain Cholla il
99% BD-1
Pseud tutzeri g o
seudomonas stutzeri " - BD-1
0 \l n n
100 [ A4 A
80
C
60
40
20 F 4
—a- BD-1
o | —=n .
0 1 2 3 4 5 7

0.5 pm
E——

1 BD-1
Figure 1 Electron photograph of BD-1

A 1.0mg-L7" B 10.0 mg-L" C 100.0 mg-L"

2

Figure 2 Degradation of butachlor at levels of 1.0 mg-L™(A), 10.0
mg-L'(B) and 100.0 mg- L™ (C) by the strain BD-1
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2.3
pH 7.0.150 r*min™ 30 C 0 apn
BD-1 0D,5=0.2 } s e 2
= 8r
2, 7d 0
< A [+  pH60 B BD-1/pH6.0
5% 6 -O-  /pH7.0 @ BD-1/pH7.0
5d 1 mg-L" uf <~ /pH8.0 —&— BD-1/pH8.0
2.0 pg-L7 . BD-1 ?
0 pg I .&. . N
0.11, ol s s s s s s s
0 1 2 3 4 5 6 7
0.60 0.96d 3, "
BD-1
3 pH
Figure 3 Effect of pH on biodegradation of butachlor
1ol Arthrobacter pH 6.0 pH 8.0 .
0.8.5 i
9mg-L7' 20~200 mg- 25
=
L pH 7.0, 0D,5=0.2 20°C.30°C 40 C
Bacillus amyloliquefaciens 10 mg -1 4 i
e BD-1
20°C.30°C  40C 8%
Bacillus amyloliquefaciens o 20°C.30°C 40 C
2.4 pH 101,052 5.0d 30 C
Carlson 40°C
2- -206'- 20°C.30C
[22]
° pH 7 Arthrobacter sp. WY306
d 7.1% ., 30 °C. 40 °C 10 min
0D45=0.2 10 mg- L™ pH 6.0.7.0 :
8.0 3 >0.5h o,
0.60.0.53 0.87d, pH7.0 26
2
Table 2 Kinetic data of butachlor degradation by the isolated strain BD—1 under various conditions
/d s
/mg-1" pH /C
1.0 7.0 30 (C=0.984 2*e o3 0.11 0.999 6
10.0 7.0 30 C=10.655 3#e 102" 0.60 0.883 5
100.0 7.0 30 C=107.251 9#e ™! 0.96 0.956 2
10.0 6.0 30 C=10.917 415 0.60 0.889 9
10.0 7.0 30 C=10.793 1#e 382 0.53 0.864 9
10.0 8.0 30 C=11.092 3*e08" 0.87 0.909 5
10.0 7.0 20 C=10.684 96500 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 4 01380n 5.00 0.856 0
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Abundance
9000000F A TIC:yp20hr.D\data.ms
-+ /20°C -m BD-1/20C 8000 000 F 9047
O~ 30T -@ BD-130C 7000 000k
- /40 C —&— BD-1/40 C 6000000 5.753
10} &an . ~ ~ 5000 000
. - = A 4000 000f 16.595
2 gt 3000000
o0
E ® 2,000 000 [
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A A\A 400 600 800 1000 1200 14.00 1600
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Figure 4 Effect of temperature on biodegradation of butachlor 2000[ 770 1171 1471 2251
1000F28.0 51.0 | ’ 196.0
1 _ 0 20 40 60 80 100 120 140 160 180 200
100 mg- L BD-1 m/z——>
1d Agilent
Abundance Scan 536 (5.753 min): yp20hr.D/data.ms
6890/5973BMSD o 5A
. 9,000 T C 134.1
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8000 C,H;
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6000f 2
m/z 225.1(B)  m/z 149.1 5000F GoHs 149.1
4000¢
Co 3000
2- 2" 6'- 2 6- 2000F 401 1 1ol 207.1
1000F280 595770 |105w 165.0 191.1
° . 0 20 40 60 80 100 120 140 160 180 200
Chen Mucor sufui NTU-358 mfs——s 30 50 70 90 110 130 150 170 190 210
12
2 2 6 2 : A
A B.C
! !
2' 6 26 N Figure 5 TIC chromatograph and mass spectrums of butachlor and
-7~ =23 26 - its biodegradation products
N- -2- -2 6 - 31
Chakraborty 2 Fusarium solani 3
Fusarium oxysporum  pH 5.2
30~32
12
BD-1 Pseudomonas stutzeri
Y Y Y
Pseudomonas stutzert BD—1
[24] pH o BD—I
o
BD-1 1.0~100.0 mg-L*
2 _2/ 61_ 10 mg'L’l
2 6_ 0.11 dOBD—l pH
H7.0>pH6.0>pHS.0 30 C>20 C>
. Chen™  Chakraborty™ p p p

BD-1
2- -2'6'-

40 C, GC/MS
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