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Abstract: [Objective] The study was done to obtain beta-cypermethrin malathion degrading strains,
investigate the degradation effect,and explore the non-pollution control methods. [Method) A strain was
isolated from pesticide polluted soil with a long-term application of beta-cypermethrin malathion by the
method of enrichment and domestication. The traditional morphology,physiological and chemical character-
istics and 16S rDNA gene sequence analysis were applied to the bacteria classification. Moreover, the char-
acteristics of degrading beta-cypermethrin malathion and the optimum shaker cultivation conditions were
also studied. [Result) It can grow by using beta-cypermethrin malathion as the sole source of carbon and
nitrogen,the strain was identified by morphology performance, physiological and chemical characteristics
and phylogenetic analysis, the strain was identified preliminarily as the Pseudomonas; phylogenetic tree

based on 16S rDNA sequences of the strain had the highest sequence identity with P. fluorescens
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(99.79%). Based on 16S rDNA sequence analysis as well as physiological and biochemical property, this
train was identified as P. fluorescens. Further investigation indicated that the optimum shaker cultivation
conditions obtained were initial pH 8. 0,shaker revolution 180 r/min, culture time 24 h and culture temper-
ature 30 °C. Under the optimum the shaker cultivation conditions, the strain could degrade 67 % beta-cyper-
methrin malathion (500 mg/L) within 2 days. [Conclusion] It can be seen this bacterium has a striking
effect on degradation of beta-cypermethrin malathion. The research provides theoretical basis for utilizing

microbial remediation the beta-cypermethrin malathion contaminated soil and the best way to resolve herbi-

cide residues.
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.1 # ™
L1 2 4 Al R R | PVT A I8 201 5 5%
Xl AR S A e S A 1 A T e A - S
B Wl 9 2l 9, SR 5 SR AR I BEALE 0~20 em +
JEH) AR AR H AN T 4 CokFR T ORAF 5 .
11,2 BRRFBERIBARE HE - DR LiE
92V HE SYGER THERAR., &ER R,
LB 15 37 Je R Rl 5 55 S 4 i D SCilk (7 .
1.2 MEBEXKNEESHIE

K0 s 4 - DA a ek i +FE 5. 00 g, &
T 100 mL % 50 mg/L &5 « SHLamE 0 e £ 5
erpr, 730 °C 180 r/min ¥R & E 5 7 AR5
7 d RIS B0 1 V0 1 2 P a2 0 B A TR 0 B %
W SR AR 3 K I B AR e A - DR B
MR . MR R P R A - SR a ek BT
YRR F 500 mg/L J5, 10" ~10 " Hi B Y
WAHERIRW 0.5 mL iR A T LAR S« 5 HLam i o
— e RUR B A R R R EAR O L 30 TC TR B SR
3~4 d, FFRK T IE T o PR A K A TR VR R
T 285 R — B B 7% T30 48 43 0 - Pk 3ok i 780 (%) P T
7% U B4k, B BV 2 TE 1Y 36 | BT b SR 3 R
fEsE e —8 RGBT 4 COKM P RS A,
1.3 MEBEKRNEE
1.3.1 BASHER AR ANST $HBICH11]
B T3 5 X 43 g ) I A DR R A T 4R
1.3.2 16SrDNA A7 %2 40 % H 41 DNA
R B ) B 4 PR R ) 3 R AL O DA 22 AR R AT
16S rDNA ({34 . i B4 % 16S rDNA i [l 5]
Y, o E 81k 27F (5'-AGAGTTTGATCCT-
GGCTCAG-3") g 514k 1492R (5'-GGCTAC-
CTTGTTACGACTT-3"). 50 pL X B fA & Jy: Re-
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action Buffer (10 X) 5.0 pL,MgCl, (25 mmol/L)
3.0 uL.dNTPs (25 mmol/L) 4.0 pL. I FiF5#
(150 pmol/1) 4% 1. 0 pL, Taq (5 U/pl)0. 25 pl,
Bt 2.0 pL AMEEZE LB T /KE 50. 0 pL. PCR "
B0 N 4295 °C 4 min; 94 °C 1 min, 54 C 1
min,72 °C 2 min,32 ME¥FH;72 °C % 7 min, 3"
W31 5 pMDI18-T vector(TaKaRa) i# )5, ¥ 1k
R FF# DHSa H, G 18 €0 BH P OB . =48 LI
AW TARBOR M 55 A BR 2 w3 A7 0L il 7y, 9 H i
A Al SR AR Chrosmas #E4T DR, AR 6 DU P &5
R OKYIE AR S 7E GenBank b4y BLAST

K7 FH DNAMAN 6. 0. 40 47 75 51 A8 L1 45 47
i i Clustal-X 1. 81 #1 TREECONW version 1. 3b
A4, L Neighbor-joining J5 ¥ #4 8 R G0 & &M
JH Bootstrap (1 000 YK B &) HEFT K56 .
1.4 BEHREKREFFEHEOMRL
TEELAN 55 95 4 b 23 5 DA BE 3R BE ) I pHLL 5%
BB SR RS IR IR A B AR AR 3 A
KA BT Ly (30" IE RS (1), HE A7 B Ak 1Y #5
IR I8 2 A0 AL o L0 3 Y B3 e e S Sh BB W 1Y
ARSI

®1 HEEMEREFZFHFNELZKE
Table 1  Orthogonal experimental design of shaker cultivation conditions

7K ¥k pH FLIRFEH /(r « min™ 1) F5FR (] /h R/ C
I | Initial pH Shaking speed Culture time Culture temperature
_eve A B C D

1 6.0 140 24 25

2 7.0 160 48 30

3 8.0 180 72 35

1.5 EHEKESHMBRNNE

IL2EAL G (9 TR PR B2 FP T 50 mL LB AR 85 5%
o, F 30 CF 200 r/min $EREEFE 24~36 h )5,
P TR TR K PR 2 W TR A TG R K .
JE ODsog s 2 ODg 0222, 00 B, 4 AR Bh 12
FFH AR BT B 2 00 W E2 A B4 A0 F & 500 mg/L &
S o DPLE B LR SR, F 30 TR 180 1/
min $EIREEFE 22 ho B 2 h WE 1R A4 K &
A G - B PGB Y 5 A SO VR B L O T SR TR R X
A o T BB I B AR DU B B A AR N A
XA T R K AR L ODgoo oo 18 27155 B 5 2008
AR CHPLO) M 5E 4+ B hom i 10 3% 4 T
W B T R A

FA - DRIBL R R = (A IR E A -
LR R PR — R A A o DRI R T
FE) /25 G HR A S+ SR B T R R <100 %0,

2 HREH

B8 DEmBERERNS S

FER G e 5« S RLB B Y S el I, &
A A 7 T S A B 22 bk T LA v R A e
b L W 4 BRI PR L O A HR O T 1 R A RE ) o
FLAE LA 5+ B PLAR B DAy P — B L R0 UA A TR K

2.2 MEMEKRBEE

2.2.1 WERMEAARAEMLEZ DIESKIE.
IEE fige TR R 22 05 5% L T 7 AR I BRSNS — 4 B OF

2.1

AR B TG BE 55 BB A 2 (5 B BB (L 10 98
(R 2 [ 0 B [ AT o P o [ . 3 5
W7 B WA R I Z R R A 6 AR HE R L gz
B, GIEME, KN R (4. 2~5.8) pm X (0.5~3.0)
pm (& 1,

BT s o Shr i il o A T A 1 38 S Bl 4 L 4%
ORI AEHETE . X8 000)
Fig.1 Transmission electron micrograph of a

beta-cypermethrin malathion degrading

bacterium (Showing flagellum, X 8 000)
2) HE PR A AR . T R T AR A A R R
TG T A5y Tl 3% M o 4 T B P e 4T e B
V. PSR BH A o 0l e B Rz B HG Al A B A AR TR
MESCREN R 20 ZRRREAREE 4 TR
AR 28 CLlmE KR E 40 Co RGEHA
PCAH T % 5 T W A0 20 4 5 H R T R B i T U

(Pseudomonas sp. ),
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Table 2 The results of physiological and chemical characteristics of the degradation strain

W EE X 57 H 2

Test items Result Test items Result
22 LY Gram stain — F 5B Maltose -+
JEAR Cell shape FIK Rod D-H #&# D-Mannose +
#1°F Endospores — D- S8 D-Fructose +
iz #h 1k Motility -+ FLWE Lactose +
f A 1k & ifF Catalase + JLBE Inositol +
{1, % Pigmentation -+ HERE Sucrose +
R B Urease — D- A Bt D-Xylose +
L-Baf $7 {4 8% L-Arabinose + L 58 M. R, test +
D-H #B# D-Galactose + V.P. {5 V.P. test +

T R S TE s — RN IR A TE .

Note: +. Denotes positive or present; —. Denotes negative or absent.
2.2.2 16S frDNA A7) %52 %Kk 16S rDNA Mo
JPA ) PCR 973 45 R R W], 97y = W K B 1428
bp (E2), H 7F GenBank H ) & & 5 K
GU201849, HHAL M L % 45 R 3 B, % Bk 19 168

rDNA J75 5 96 B L B (Pseudomonas fluores- 2500 bp
cens) BIA L B m 534 99. 79% . H R, 41 B A2k 1500 bp 1428 bp

RSP S HE 2 I Y 165 rRNA f 41 DL HE SR
KT 9500, iR AR [/ — g, SOUER

He o> B A3 E R Y 16S rDNA 7515 GenBank
O ABAR DG A Y 16S fDNA J7 81 347 L X, 1
RAERBW GRILE 3, HIE 3 LA % w b
5 AR B (Pseudomonas fluorescens) 1E [f] —

B2 B e DhRIm e R # FE AR 16S rDNA
J$ 51 (%) PCR 414 4%
M. #7EE ;1. 16S rDNA J¥ 51 ) PCR 4" 14 B B

Oy L. HEE YRR AR PR AR T Fig. 2 The results of 16S rDAN gene amplified from the
A AT DURGE 1 T R R T BRI TR A9 O (B degrading strain of beta-cypermethrin malathion degrading
. M. Marker; 1. Segment of 165 rDAN
0.02
—] 9 i 5 B B 0 T Pseudomonas brassicacearum (DQ886486)
100

S EHEFE Strain(GU201849)
R TE Pseudomonas kilonensis (AJ292426)

8|_| R M E Pseudomonas fluorescens (EU373392)
L

88

100 "8 WRIEHRTB Pseudomonas putida L(AY450556)

L 4 U B R Pseudomonas corrugata (AF348508)

SRR BB Pseudomonas aeruginosa A1.98 (AJ292426)

| i SR P ML Pseudomonas aeruginosa 1L.P8(EU195558)
o

266 4 4% P8 U B Pseudomonas aeruginosa PT121 (EF515832)

3 AR EME R 16S rDNA JF 51 R Gk & HE AR
RYLRE W3 b W BE SRR AT AE B bR R IR 23 SR
Fig. 3 Phylogenetic tree generated by the neighbor-joining method based on 16S rDNA sequences of selected strains

Bootstrap values (1 000 replicates) are indicated above the branches. Strain obtained are labeled in bold. Bar:0. 02 sequence divergence
2.3 HHEREFFHOMML pH AR 3 (P<C0. 01) 5% Wil He [ it 2R i HoAb 3
H1E 3 A3 4 W] A1, 2% DA 300 T bk 6 A v S AN BRI R (P>0.05), W& 3 &AL
SRR R R /MR YR A>C>B>D, Bt B ZE R R IR i 5 A2 ASB3CLD2. |
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PIth pHS. 0. £8 K% 1 180 r/min, H5 3R} 8] 24 h.,

IR 30 °C

R3 DEAKEREFRFGHHETRBER

Table 3 Orthogonal test result of shaker cultivation conditions on the isolated strains

¥lhs pH

PR H/(r » min™1)

B FRmpE] /b B IR g/ °C

'I‘?:tgiiﬁm%er Initial pH Shaking speed Culturje time Culture temperature Degiﬁiifgn%rate
A B C D

1 1 1 1 1 15.6

2 1 2 2 2 15.0

3 1 3 3 3 3.9

4 2 1 2 3 12.3

5 2 2 3 1 3.7

6 2 3 1 2 31.4

7 3 1 3 2 34.9

8 3 2 1 3 37.0

9 3 3 2 1 33.1

K, 0.070 0.209 0. 280 0.175

K, 0.158 0. 141 0.156 0.226

K3 0. 350 0.228 0.142 0.177

R 0. 280 0. 087 0.138 0.051

x4 HNEEKEREREGETKRERNAESN
Table 4 Variance analysis of orthogonal experiment design of shaker cultivation conditions on the isolated strains
A # Rl B Hi B FAi F it B8 W
Factors SS df F value Critical value Significance
¥lE pH Initial pH 0.123 2 24. 600 19. 000 I 2 Significance
% R M Shaking speed 0.013 2 2. 600 19. 000 A 2 Not significance
B F2mkE] Culture time 0.035 2 7.000 19. 000 AN Not significance
B F2 IR BE Culture temperature 0.005 2 1. 000 19. 000 42 Not significance
2.4 BHEKEHENSSE - SHUmBEMEERNX Wifte; 14 h FRkEA KRN, ®ik4 K&

#

Pl 4 7R IR R RE 05 A AR R R v e S BTAR
W TR RR AL R R A 22 5 R v G - B B Y
fifp AR SR R IE ARG
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Q% Mg
S ol
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Bl 4 RbRA K S HA R o Bk
(3 ESIPES
Fig. 4 Relationship between the growth of strain and its

ability to remove beta-cypermethrin malathion
&4 AT RARTE S WI Y 2 h N AR A K 2%
18 A S« LA B O AR R A 5 280 — B[]
(5 T S i 32 0 B R PR 2 B S - BB
BRI BE DR FEAT PR A KL 4 bR T R IR AR B
T A TG, X g S D L W A A i R IR B

PREFP AR X — B B R i R B i A8 185 18 h s
BRI R A A R IR D L TR A A U L B 22 b
BRI R X 8 G+ S 7B ) AR R O B e R (E L AN P
ARA . A BT T RE SR TR R AR IS 3 A T AR O A A
Yy ST Ml A )T TR RO s S+ B ) B A

ZME B BE 2 d AXF 500 mg/L E i « DL
B (9 B 3R 3k 67 00, R X v 4« TR B A
o R VR

3 shig e

A5 B U B AL S <22 31X 55 55 H 4 1< 3 e
A e BB W A S Pl b M R B AR 1 Rk AR
KRB LA SR o B R WA O — IR AR L
HHA B (R R AE R 46 pH A 8. 088 R F%
180 r/min 3 FE W) [A] 24 h, B 3208 30 C 19 &1
T HAE 2 d X BRI E 500 me/L @5« B
T (9 B A 335 6700, 25 AT DA 0 e 1 e g
Pl £ e T - 98 v 3 S B 1 BR BB 8 I A 108 1R I ) 4
WL AEEEF S 200 2R 7 d XY 50 me/L BE
TR (1) i %5 68. 200 AR BIF ST 25 21 5 1% 45 IR AR
— 2. HHABSCER BB FEAE AR R L AT T BT 3R
3V R ) i SR . o R A BT T 0 S ) TR PR
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N FH T S B TR v 3 P R e A A 5 ) 45 D A
S5 25 o LA R FC I ik B, O 4 e A A4

WA 16S rDNA [6) J5 1 7y 91 43 A 25 5 45 5 B
AP AR BIAE AR AP S5 RRAE 23 AT L AS BIF 5 B O3 8 A
Rk 2% N 98 6 B B I B (Pseudomonas fluores-
cens) . HHET BRI EE « DSRIBEREMREZ R T
PP T S T A TR A T R AR R T R
HUEZRAEE (G F &2, BAA1E B oh e 2
Jig 2 A DR gr, 7T DL 32 A AR A 25 Y 35 5 L 2 T o
PR 0 BT X TR R AP AT R S AR
14 552 bR o2 HT T 5%

ASHIF T v T R 1 e i 45 R R TE L Z 454
T30y B TR A B ARG h B e W B Ak S
W2 T o HESI2 B o A A7 100 % I e v 4+ Eh R
A ARG AR AL i A Rr e — 2 o .
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