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Isolation, identification and degradative properties of CP1
for chlorpyrifos
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(Graduate School, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: A bacterium, named CP1, capable of effectively degrading chlorpyrifos was isolated from
activated sludge from a pesticide plant. Based on the phylogenetic analysis of 16S rRNA gene and
Biolog test, the isolate CP1 was preliminarily identified as a strain of Genus Ochrobactrum. Both the
orthogonal experimental design and Box-Behnken design were employed to optimized the main factors
which influences the chlorpyrifos-degrading efficiency by strain CP1. The optimum conditions for
chlorpyrifos biodegradation were as follows: the initial concentration of chlorpyrifos was 100 mg/L, the
pH was 7.0, and the culturing temperature was 28.5 °C. Under the optimum condition, the biodegrada-
tion efficiency of chlorpyrifos increased from 70.26% to 75.18%. Therefore, the optimization of chlor-
pyrifos-degrading condition could improve the biodegradation efficiency of chlorpyrifos by Ochrobac-
trum sp. strain CP1.

Keywords: Chlorpyrifos, Biodegradation, Orthogonal experimental design, Response surface method,
Optimization
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FE AL (Chlorpyrifos, CP), k¥4 %k 0,0-—
£, H-0-(3,5,6- = 5 -2- ML be 35 G AR B FR T, 75 & 44
SRETA . IO SE, & H TR S 20 5 Fb
F gz — o % s A R R R E AR T AR
AN A 7 A R, B T R A
BN T E ORISR, B FE AT LA ] £ 15 JIEL Bl
FE 005 1, REAS R K E W, ExXT R AR R B
WA 3 MR R, R dGE B, AR,
JEBRIARAT SRR BRI A 2 )  BRAELR
B, ERERATERESZ G, fE N E i AR 2
AR Bl B AE MR TR [ B % A B
R WY K, A R A AR o
Wi, fF10-120 d 247, S TERAEY) g g
B U M A T AR o R, e A i b
P P MY MR A ER B R B TS g, O AT R
i DR %) )

R85 v e 24 1) R i S A A W Rk A A AR AR
Wit A PR 7 X, B0 R AT A LR AR 245 AR W B
fige P B DR, LA 43 B 0 A v 0 R A
BB Bl A ) e e A AT S g O b pr Ak s B
(A R G o T T P A 1 R A A A 75 A0 1Y
Tl 4 3= A ¥ FF 1A R (Flavobacterium sp.)t) | & 8a
Jfi 74 J& (Pseudomonas sp.)®. 5 #F % J& (Arthrobacter
sp.)B | B 4 ZE A5 £ B T )& (Stenotrophomonas
sp)19 b 7 @ (Serratia sp)M™ | 2% i i A
(Trichosporon spp.)™ ™ F il 5k % J& (Paracoccus sp.)!*?
Ao EAT B TR IR T T BT A AR A R S P R R R RCR
AN, W EE AT & (Flavobacterium  sp.) % 25 € 1 (4
WA AN 33%; 15 AT 14 & (Arthrobacter sp.){XBETE
WHEA 10 mo/L MRE R h HAG BEARRE 1, U
J& . 22 A EERE RN R ER R JE R S 50 mg/L B FESE
WA WA, XAk 24 AR T A2 B R e 45 IR, A T
PRGN UR, Ak 22 0 2 15 521 B 0% 1o 5 % At 5 AT 1t
PITRAE  R AR R AR A LY

ARHFGE AT 5 K Ab B, R & £ 94k
1) 7 5 1 1) 1 AR R A% kR A E SE Y BT R CPL,
IEXFHAEAT T WL S0 KRR PR 5T . LUR
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TEACIR TS QIR I AR e B PR B, TR R
ey T e RSV e TR T D AR R R o R i it
PR R TR I T AR ) 7R A 5 A A T I EEAULAY O
ST B, R A T L7 A S R Y TR R X
AT R WSR2 T, R R A ORI T
BRAS B, T EL G A S AR W A0 400 1 50 T
Tt ) 5] 00 A AP SN D7 (45 o DR ke o s At Al A
2R, TSI Y E A LA, M B R
MBIy 15 R BAA BB

1 M55 E%

1.1 iResrRl

1.1.1 JEMERAE: BOH AR P iR nY AR FH
A5 R R AL B

112 FBUEFIRF: LRH-250 L LRi 5540, i
—HBL A R/ F; Heto-PowerDry LL3000 Freeze
Dryer, Thermo Electron Corporation; {EIR+#ZIK, 4F]
KSR % %4 Fl; OLYMPUS BH-2 St W fi s
Automated Bacteria Identification System-Biolog Mi-
cro Station System; [ GC-2010 <A {4 1%{X, ECD
K&, Rtx-1301 TR ANAEHE, IEC ke, JBE. N
ToK BRI RS AR 8 S A e alt, Absife T

AU WL E 2 4 FE >08%, W H Ll 7R Ak BH AR 24
J 7o FEFEMEREVE: BT LA S RENN TR R SR R AT
JE 24 i £ B F R B R 10° mg/L YRR ERER,
AR LU R i A B B g Ak
1.1.3 EFE: FHENEHFE(L): EAM 10, Nacl
1.0, KH,PO, 1.0, pH 7.

TeHLER 5 F F(g/L): NH,NO; 1.0, MgSO,-7H,0
0.5, (NH,4),S0,4 0.5, KH,PO, 0.5, NaCl 0.5, K,HPO,
1.5, WERE4RE 0.05, pH 7,

LB }iFedk(g/L): R 10, MR 5,
NaCl 10, pH 7.0-7.4,

BUG+B V-3 #5 5 2 f SCHR [14]0C 1
12 HREEBRENSB5HIE

FRIC L g TEPETS U, I oA B 55 50 Wk B2 R
200 mg/L Y& g, 30 °C. 170 r/min %%
PR RRK TR, B 7d 58 1k, B I H R
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V4 75 E W Tk i 4R 5 200 mo/L, T 3 A 2 ik ik
F| 1000 mg/L. SR 4P | FEAL MR B 1000 mg/L
FITEHLER R SR rp, BESERESE 1 D AR, FRE
TR o PRI AT T S A T R AR 1 23 B Al

13 MRBRENEE

1.3.1 F7S451E R Biolog GN2 9 #f: Wik 1 % I F-
Mg A k4, 30 °C #53% 12-16 h J5 624 B fillse
WAL HARIE 25, Biolog GN2 43 #r2: ESCHik[14] .
132 MEMREMNSTLEE: KMHEL DNA KR
K CTAB M, JELIRHUAY & DNA AR, Bt
514 PCR ¥"1% 16S rDNA 741, 5175 F: AG

AGTTTGATCCTGGCTCAG; R: GGCTACCTTGTT
ACGACT., ¥ 8 &% Jy: 10xPCR Buffer (Mg?")

2.5 uL, dNTPs (2.5 mmol/L) 2.0 uL, 5[#J(5 pmol/L)
#% 2.0 uL, HifAk DNA (250 mg/L) 1.0 uL, rTag DNA
A MG U/ul) 0.125 pb, Jin ddH,0 % 25 ub, PCR
J W 454 94 °C 5 min; 94 °C 30 s, 54 °C 50 s, 72 °C
90 s, 35 MEHN; 72 °C 10 min, ¥ PCR = ¥y3E47
B o WA S BE A GenBank %idi E#EfT BLAST
FRIPESS BT, 3 MEGA 4.0 #1417 R 5 R B
fRAE A
1.4 HIEERERNE
141 BRERMLERLTH: Fk CPL M E|EIL
WERI LA M B2 2l 100 mo/L A TEHLER BE R Jvh, 2 HL
KE, LAREFEMUE BE N 100 mg/L B JCHLER 55 35735 N 2=
FIXTIR, FHAEEEE T E 600 nm RGO, 4
il B AR K 2
142 HREMEBERMMNE: F£LK 141 ZH84TF
WHE 3 MM EE SR, B EE SRR AR R R
FREM T AT, 3R . E BT EURE 2 mL,
NSRBI IE CBERER IR 1 min, ##E 1 h, fH
PUARFUK AR SE 42408, AR ICREsEm, Bt B2 A Bl
AW, 2 TR K G B2 R H T, =
FAERRUE C e, AU (o R o 0 35 0 W i 36
SRS S SO A5 12 (GC-2010, ),
ISy Rtx-1301 B4, #lllds: ECD. &1
HEFE T 300 °C; i (F2 ¥ FHL): 180 °C 4 2 min,
10 °C/min 7+ % 280 °C, {48 10 min; ECD ¥l #§:

330 °C, #< Ny, iii#: 19.9 mL/min, #EREHER: 1L,
SR MR 00 5 B it v B AR Y B o, SR L
B HE IR AR 4 (%) = [1— (I B X AR S0 57k
1#)]x100%.
1.5 HEHRMBEBREHIRK
151 EXXWEIT: WFFERM, 5200 bk FE AR
I EERZG LT 4 FpU 2GR | IR
pH {EUFI T (A4 P it . ASHIFGE SR F IE 28 S B0k i i
Xt 4 A BRI N AT Ao, e R i AT
MR A A5R ) R AA T R 4 I 3 K IERE
FERMHE A (R, mg/L). HE B (A,
°C). HZE C (pH)MIKE D (ZFh i, o/L)EFT1EAS S
T, SRS R R SEIM R BERR Y (%), XF45R
PEAT 7 255 B AT LA 30 XoF B ke ok figp 2 5 i o (.
=R T, LI IR 1.

#1 EXZEHEIRIT

Table 1 Orthogonal experimental design

Factors Factor A Factor B Factor C Factor D
(mg/L) (°C) (g/L)
Level 1 10 20 3.0 0.4
Level 2 100 30 7.0 0.7
Level 3 200 40 9.0 1.0

1.5.2 i@ 5z T 3t W W R 5 (Response  surface
method, RSM)REME X 52 M [ A 550 % 14 PR 7K B
38 H AR AT AL S PR TP T e A A
B fff o B I e AR 45 1 . ARWFSTE FH Design-Expert
(Version 7.1.6)%k {47 1) Box-Behnken Design (BBD)
T AT 7 TR ST, X L 58 S v 1 5 3 11 G
S KR S H A BAE i — D ARG RN, LA
FEidi 4 Ochrobactrum sp.# ¥k CP1 [ 75 4L I i f%
&A%

MRYEIEAS L AR 3 DR ERRWEE . |
JEF pH M E & fF, X% AL B. C i1} BBD
(Box-Behnken Design)sZ 5 iseit, 3 A~H A /KF-53
S EUH 0,100,200 mg/L; JEEE: 20.0 °C.27.5 °C,
35.0 °C; pH{H: 3. 7. 11, AR boK-Ficitansk
2 s
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& 2 Box-Behnken 3E36& it

Table 2 Box-Behnken Design

Factors Level 1 Level 2 Level 3
== W
BIIEE 0 100.0 200
CP concentration (mg/L)
it B2 20 28.5 35
Temperature (°C)
PH & 3 7.0 11
pH value

2 HZRESM

21 MBEMSBLETE

2.1.1 F7ASH4HER Biolog 27 MWAKRZGT 5Kk iR
ARG e, A YL E R B S
FEMR TCHLER AR I, 23] 15 S PRTEVE, R TE
o ) B¢ JE AR B oy 100 mo/L I TCHLER B F b, 43
S 5 5 A TR ARG 25 SR MY B e O, N rh 2 B4R

B LM AR BE ) B A TR MR CPL1, &8~ QY (i)
FIWHIZ R bR R 2% RBAMEAT B, BRYE R BB, R
PR OB IRVE L G, 7ROt AR TS
L5 31 TR A S ELP AT i AR s A TR TR )
Biolog “F-4% I, % Biolog AU HriRiHe 4L, B
Bk CPL FI4 I FH e rp 68 R, *FIHE 27 Fhisk
TRASRE A FH sl R I RE J1 %5055 . Biolog %5 45 5 ansk 3
s

2.1.2 ®# CP1 By 16S rRNA RHERBH: &
PCR 43, Btk CP1 fiy 16S rRNA H Bt %) 1.5 kb,
1£ GenBank H/F M54 HQ589348, £ BLAST Lt
TR IE R CP1 1Y 16S rRNA 545 A & BBk 1
16S rRNA LB ik 99%., MRS kK B (A 1),
GEGIEA2EHRE . Biolog GN2 -7 #1 16S rRNA 11
BLAST bt o3, #1044 itk CP1 %5 I FI AT I
J& (Ochrobactrum sp.),

%= 3 CP1 xf Biolog GN2 #R £ 95 FhisiE B9 7 F gk

Table 3 Utilization of 95 carbon substrates by strain CP1 using Biolog GN2 microplate

Carbon Results Carbon Results Carbon Results
Water = éTuranose + éD-AIanine +
a-Cyclodextrin = EXyIitoI = EL-AIanine 1
Dextrin + iPyruvic Acid Methyl Ester + iL-AIanyI-Gchine +
Glycogen + iSuccinic Acid Mono-Methyl Ester + iL-Asparagine +
Tween 40 = iAcetic Acid + iL-Aspartic Acid +
Tween 80 + iCis-Acomtic Acid + iL-Glutamic Acid +
N-Acetyl-D-Galactosami-ne + iGtric Acid + iGchyI-L-Aspartic Acid +
N-Acetyl-D-Glucosamine iF iFormic Acid + iGchyI-L-GIutamic Acid iF
Adonitol +  'D-Galactonic Acid Lactone + 'L-Histidine +
L-Arabinose + iD-GaIacturonic Acid + iHydroxy-L-ProIine +
D- Arabinose + iD-GIuconic Acid + iL-Leucine +
D-Cellobiose + ED-GIucosaminic Acid + EL-Ornithine +
i-Erythritol + iD-GIucuronic Acid + iL-PhenyIaIanine =
D-Fructose iF ia-Hydroxy butyric Acid + iL-ProIine iF
L-Fucose + E[}-Hydroxy butyric Acid + EL-Pyroqutamic Acid =
D-Galactose + iy-Hydroxy butyric Acid + iD-Serine +
Gentiobiose + ip-Hydroxy-phenyIacetic Acid = iL-Serine +
a-D-Glucose + iltaconic Acid = iL-Threonine +
m-Inositol + 1a-Ketobutyric Acid + 'D,L-Carnitine +
o-D-Lactose - ia-Ketoqutaric Acid + ig-Aminobtyric Acid iF
Lactulose - ia-KetovaIeric Acid + iUrocanic Acid +

http://journals.im.ac.cn/wswxtbcn
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Carbon Results Carbon Results Carbon Results
Maltose + 1D, L-Lactic Acid + 'Inosine -
D-Mannitol + EMaIaric Acid = EUricIine =
D-Mannose + iPropionic Acid + iThymidine =
D-Melibiose —  Quinic Acid + iPhenylethylamine -
B-Methyl-D-Glucoside = iD-Saccharic Acid = iPutrescine =
D-Psicose + 1Sebacic Acid - 12-Aminoethanol -
D-Raffinose = iSuccinic Acid S 52,3-Butanediol =
L-Rhamnose + iBromosuccinic Acid + iGcheroI =
D-Sorbitol +  iSuccinamic Acid - 'D-L-a-Glycerol Phosphate -
Sucrose + iGIucuronamide ia-D-GIucose-l-Phosphate =
D-Trehalose +  iL-Alaninaminde + 'D-Glucose-6-Phosphate =

Note: +: Positive; —: Negative.

—— Ochrobactrum sp. (EU816698.1)

52
68 Ochrobactrum sp. (EU352758.1)
95| | Ochrobactrum sp. (F1529030.1)

90

Ochrobactrum sp. (HM030758.1)
Strain CP1 (HQ589348)

Ochrobactrum sp. (AF028733)

| Brucella sp. (AY513563.1)

Brucella melitensis (AY922323.1)

Brucella canis Nagoya (AB479101.1)

wo L

v

—
0.001

1 1R#E 16S rRNA £ FH FFIHE I E ¥k CP1
Fig. 1 The phylogenetic tree of strain CP1 and other bacteria in the

22 EXFEITRER
IR R B 1.4.2 L BRIEATICE, 4351

Oc} '
Tenrooactyitit S|

o
olLE

S5HXMEERMNRRLEN

same genera based on 16S rRNA sequence analysis

x4 EXRFKHLE
Table 4 Orthogonal experimental result
Degradation

@'Jiﬂiféﬁﬂ“ﬁgfﬁl E"J 92&9;3@43, i%?% 74 EE"J%% Code Factor A Factor B Factor C Factor D rate Y
WA AR, FSEIR L SRR Y HEAT IO AT, i i i i ; ;222
FTHANHEYRIE, 450 WE4, XMEERHMITT 2 3 ! 3 3 3 30:69
s, AR 5. 4 2 1 2 3 70.26
MFE 41 RAEFZER 5 R B E AT LA 5 2 2 3 1 47.41
pH E(E 2 C)XIFESE MR R 1 s ek, HR 6 2 3 ! 2 27.95
ARG (% AV (1% B), X IECSE 5 iy ; ; i ; . ;‘jz‘z‘
Bl T R R R AR B, 1T DA & TR 2R 0 9 . . 2 1 —_
ZAF, HpRZHIE (N R A)J 100 mo/L, {7 (A K, 35300 42173 25763 37.890
Z B)~30°C, pHE(HFRZEC)H 7.0, K, 48540 47.107 60.363 42.927
23 WHRIESH B &SR Ks  41.967 36527 39.680 46.990
R 13240 10580 34.600 7.100

WA S g i i Rl R 8 17 448 R 8L

http://journals.im.ac.cn/wswxtbcn
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#5 EXFEHRERAESM
Table 5 ANOVA of orthogonal experimental result

Factor ~ Squares Freedom F Fe Significance
A 260.951 2 3.285 19.000
B 168.159 2 2.101 19.000
C 1818.634 2 22.723 19.000 X
D 80.035 2 1.000 19.000
Error 80.030 2

A, 43IREX 17 21 5250 HE A T3 S B R gl
E, 1FEIEA LI EEIEM AR (R 6), XS Rty
5 2R X R Z I A (R 7).

MFE 7 AT, KR Prob>F (/T 0.01, BEHTZ
TR G 5 AR 2 40T 3 s A AR T {5 S PR A
PLE RIS, & 7 PRI Prob>F fEH/NF
0.01, # 7Y iy 4 & & %t R*=0.994 8, & 1E &R %L
Ragi°=0.986 5, X Pt IIZMAS Uik A3l o BRI 15
B FEFE M AR R X AR MR BT L R pH (HM £ T
EYEY¥EH

Y=69.04—31.29A-5.65B+10.49C+0.13AB+
15.04AC+12.74BC-83.07A%>—21.66B?~17.28C?

% 6 Box-Behnken I8 45 R
Table 6 Box-Behnken results

CP concentration Temperature Degradation

Code (mg/L) Q) pH value rate (%)
1 0 1 1 43.90
2 1 1 0 17.40
3 0 0 1 50.20
4 0 =il =i 51.40
5 =il 0 -1 0
6 1 0 ! 24.60
7 =il =il 0 0
8 0 =il 1 50.35
9 0 0 0 71.52
10 0 0 ! 44.27
11 1 =il 0 17.05
12 1 0 1 60.00

13 -1 1 0 0
14 0 0 0 73.21
15 =il 0 1 0
16 0 0 0 72.03
17 0 1 =i 0

http://journals.im.ac.cn/wswxtbcn

xT1 BEFEDH
Table 7 NOVA for model

Source Squares  Freedom S’:'S:PE F value Prob>F
Model 11 481.37 9 1275.71 8.49 0.0050
A 1167.60 1 1167.60 7.77 0.0270

B 166.04 1 166.04 1.10 0.3282

C 473.84 1 473.84 315 0.1191
AB 0.031 1 0.031 2.04 0.9890
AC 313.29 1 3113129 2.08 0.1921
BC 505.13 1 505.13 3.36 0.1094
A? 5604.25 1 5604.25 37.28 0.0005
B? 1928.57 1 1928.57  12.83 0.009 0
c? 705.20 1 705.20 4.69 0.0670
Lack of Fit 1 050.79 5 210.16 283.27 0.0035

1 Prob>F {H/N T 0.05 KRB Rl K R A W3 05 Prob>F
/N 0.01 % 5 i o i g 200,
Note: Prob>F value less than 0.05 indicates a significant effect of

model or factors, and Prob>F value less than 0.01 indicates an
extremely significant effect of model or factors®,

h T i 2D WA AR R 2 ) Y 32 HAE TR
SE HAR S, ] Design-Expert #x{h2: ) 2 4> e Hi sy
M) [R] 3% XoF 5 A Wt A8 A 50 EL 5 R A il T 1T, AR 2 o
AT, A5 3 T 0 W R A 3R K 3 T S5 AR IS A 21
i FEAEMRMRE N 100 mo/L, pH fH 7, BEFRIEE N
28.5 °C, Tl i fix i B i 56 73.2%

73
52

31

Degradative rate
S

200.00
100,00 13000

entratiod

50.00
A: CP oon®

E 2 HIEMREF pH 32 B 4E R0 LY &
Fig. 2 Response surface plots of the interaction between
CP concentration and pH value
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2.4 FRIEFHTEKRETPER RN E

Y Wbk CPL R &4 100 mg/L B AL ) pH
R 7 MRS R 36, 7F 28.5 °C FibAT85 3%, M
FEBE IR TP SR M B VR FE T, AR AR TR 3
KR CPL W AE K AR R A B R KME, 3d f5 3
HE A e B BRI A 31.13 mo/L, 75 3 H R RN
70.0%, 4 d LUR BRI KAE A BT, HifE
FIMEZ IR . eAAE T d NERE CPL B 3 58 M ik
JEREAR R 24.82 mg/L, FEff2RIAF] 75.18% (1A 3).

120
1.7
~ 100
= k1.5 ~
£ an S g
=2 oyU ~J
s TO—g— 513 3
2 T <
E 60 {11 Z
= M =
8 <
g 40 09 3
g 9 3
& \\“H—« ©
© 20 T/{ 107
0 . . . . 0.5
0 1

23 4 5 6 7
1(d)

3 mMEBTESK CPL 894 K th& F0 5 018 (5 R
Hh 2%

Fig. 3 Bacterial growth curve of strain CP1 during degrad-
ing CP under optimum conditions

VE: A 100 mg/L BEAEIEAS HE; &: CP1 XF 100 mg/L 5 5E I 1 % fi
M2k; 0: 100 mo/L 75 FE IR i 5 o bR 10 2 G 22

Note: A: 100 mg/L CP control; &: 100 mg/L CP degrading curve
inoculated CP1; o: Microbial growth curve with 100 mg/L CP.

I IE L B AP ST AT, RIS I
FEIEMRY M2 75.18%, 5 M A T3 I R0 AF 24 2 30T,
SEAL AT IE S S B0 i B PR R 70.26% (WL 4)MH
o, HFEmR R
3 it

ARHIF ST MBEFE MG 7= T At o 43 5 0 0 2
BB R A AR, DR T A MR B R, AT AL
T IAEE 2, GBIV R A R SE MY BE T, M
3 B BT HE MR B A TR AR 1 T RE T R . AR
WA BB 1 BRAE NS L350 0k ME — B U5 T BE S B AL
1) Bk ik 23 AL ML 45 U FF )8 Ochrobactrum sp. CP1

BRI, IS T e X 4 B 98 1 o8 7t I 7 LT 1 A LR
1. Ml IEASSLER i A BBD Wi N T SL 56 B
AL T CPL BAREXT 35 50 M B A 25 A, 30 4o A it
MERFFE, ATLASHIRG SR 7 d )5, CPL ##k7E 28.5 °C,
pH {4 7.0, BACIP) UGV E S 100 mo/L 1 H5id 4%
PEF, XTEESEM A BE MR R AT 35 75.18%., Z5R R,
BEFEM R 25 F AL AL RE RS (2 0E CPL B Bk X 2 SE it
(A W R ik, AT B e A 24 I R A A5
FERALSZETT, CPL T AR X 27 AU WL 1) [ i i

SRR EN R=E PN A 5 7 R
FresE ), AT m P, AR 25 T % v T
FEEM | 2 E R AR ER B A AT
SE T R AR B TR 3 b (W R e BE, T —28 TR
W T B S WG e I E R . PR
DR 118 o e 2 it ) 700 140 1

2 £ X #

[1] Kho KM, Math RK, Islam SMA, et al. Biodegradation of
chlorpyrifos by lactic acid bacteria during kimchi fer-
mentation[J]. J Agric Food Chem, 2009, 57(5):
1882-1889.

[2] Singh BK, Walker A. Microbial degradation of organ-
phosphorus compounds[J]. FEMS Microbiol Rev, 2006,
30(3): 428-471.

[3] Thengodkar RRM, Sivakami S. Degradation of chlorpyri-
fos by an alkaline phosphatase from the cyanobacterium
Spirulina platensis[J]. Biodegradation, 2010, 21(4):
637-644.

[4] FRH#E®, TEH K, BRIGRE. 550 MIAE ) R B o i
[J]. “Z#fk 1, 2008, 34(5): 8-9.

[6] RAEA4, fEHK, HimRe, 5. 2270 M 00 5 4
FE SRR BE T RE [J]. AR F R, 2006, 26(9):
1433-1439.

[6] L, /N, Bk, 55 WIEWIEAF K Bacillus
latersprorus DSP B gt B LB BE 2 (2 [0]. +3E%
1%, 2006, 43(4): 648—654.

[71 Mallick K, Bharati K, Banerji A, et al. Bacterial degrada-
tion of chlorpyrifos in pure cultures and in soil[J]. Bull
Environ Contam Toxicol, 1999, 62(1): 48-54.

[8] Serdar CM, Gibson DT, Munnecke DM, et al. Plasmid

involvement in parathion hydrolysis by Pseudomonas di-
minuta[J]. Applied and Environmental Microbiology,

http://journals.im.ac.cn/wswxtbcn



1338 wIHg AR 2011, Vol.38, No.9

1982, 44(1): 246-249. —— R E R B ). RS BT
[9] Mallick BK, Bharati K, Banerji A, et al. Bacterial degra- 2006, 32(5): 221.
dation of chlorpyrifos in pure cultures and in soil[J]. Bul- [15] Sambrook J, Fritsch EF, Maniatis T. Molecular Cloning:

letin of Environmental Contamination and Toxicology, A Laboratory Manual[M]. 3rd ed. New York: Cold Spring
1999, 62(1): 48-54.

) . Harbor Laboratory Press, 1989.

[10] Yang C, Liu N, Guo XM, et al. Cloning of mpd gene from i Wi Aeibp A g P~
a chlorpyrifos-degrading bacterium and use of this strain [16] XVHUE, AFUISF, ZReibp, S5, 2 LIRS 19 K
in bioremediation of contaminated soil[J]. FEMS Micro- oM B 5T 0] & Al B 2%, 2009, 37(33):
biology Letters, 2006, 265(1): 118-125. 16200-16203.

[11] Xu GM, Li YY, Zheng W, et al. Mineralization of chlor- [17] W5, M, AN, % ESh
pyrifos by co-culture of Serratia and Trichosporon spp.
[J]. Biotechnol Lett, 2007, 29(10): 1469-1473.

P B3 20 44
WEAR AR 22 0 R UR 5 4 B R A PR D). FREERYE, 2001

[12] Xu GM, Zheng W, Li YY, et al. Biodegradation of chlor- 22(5): 95-98.
pyrifos and 3,5,6-trichloro-2-pyridinol by a newly isolated [18] Sen R, Swaminathan T. Response surface modeling and
Paracoccus sp. strain TRP[J]. International Biodeteriora- optimization to elucidate and analyze the effects of in-
tion & Biodegradation, 2008, 62(1): 51-56. oculum age and size on surfactin production[J]. Bio-
[13] W&, TR SHAA#E YM3 [ 4058 % 5E B B At e 5% chemical Engineering Journal, 2004, 21(2): 141-148.
[D]. #4: ARRRER A 5l 3¢, 2008. [19] AE/NEL, BXFE. =T W R0 43 BT ik A ARl R A 2% 1 O
[14] R, WM, 2248, %. Biolog LW H 3l R 5 R[], LRl R, 2010, 38(27): 15026-15028.

RY AR RY R RY RY Y RY AR Y R Y RY) R RY AR RY AR R RY) R RY AR Y AR Y RY) Y RY 7R Y R Y RY) Y RY) AR Y AR Y RY) R RY oY RY AR Y RY) R RY AR RY R RY RY) R RY) R

fe 5 e
FICE5HEARAICXBYIRBSE R

LI HLREARTIE EN H 2 —, 2 Wl N AN Yo7 B DG U BT 5 ST OR F ik g,
WAZDRPTAEE, DA, e 5, MRS A O TAENAEMILAE . Hit, fE5 S Z R
WA et — OS] 7 26 A B R S B v FLA B B SO 2 B A TR I o BSR4 O
W, TELRG AT AN A BORMEE RN b 32 s U A 3, RIS 8 FON e OAS #E, TR A BIL BIF T i A
B, WRHE RS AEE A W, AR, RIS PRI R A R R E R SAh, MR
WAl PR PUESESCER GO BB AT, MLAER, ZmA D EIRe, szt % . ik
HRFARA — 2, R RIIAIH

it SR UL Y < 78 T S LR P o | A SCRRN 1% 2 2020 6 4R R N AME R RIIBTSEIESC, T3
MR ANBR

http://journals.im.ac.cn/wswxtbcn



