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T OE AR A E A AR A AR S B TS YR A Y, S P R A R A 2 R T R
YLty AR o ARZG T AKHE R 10 BRI A 06 M 15 10 v 432 38— R RE AR FH D R 3 R A — B DR AR R A A T , i 24 O GF=3 AL
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P AP 3R R 5] 98.4% BTN RAG TR IO IE FIRLE > 30 CAEAq 3 pH y 7~10, B e 00 2R 1 , i 1) R 44 T 1) Bt I 1 P &b
it} GF=3 B T KA D R A M A , ik RERE A TP U35 T S A T TR TR | R G B RS o GF-3 g 2 NSk, (H BORLTH BRI
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Isolation, Identification and Characteristics of A Cyhalothrin-Degrading Bacterium GF-3

XU Lian', ZHANG Li—ping', LIU Yi—chen', WU Ying', LIU Lian—cheng?, SHEN Biao'

(1.Key Laboratory of Microbiological Engineering Agricultural Environment, Ministry of Agriculture, College of Life Science, Nanjing Agri—
cultural University, Nanjing 210095, China; 2.Jiangsu Food Science College, huai’an 223003, China)

Abstract : Pyrethroids were widely used to prevent pests in agriculture and resulted in severely environmental pollution. Microbial degrada—
tion was an effective way to remove the pyrethroids contamination from environment. A bacterium, GF-3, capable of utilizing cyhalothrin, a
kind of pyrethroids, as sole carbon source was isolated from activated sludge collected from waste water—treating system of cyhalothrin manu—
facturer. The GF-3 cells were rod, Gram positive with side flagella and spore—forming. The colonies on LB media were milk—white in color,
circular, and smooth. The cells were positive for catalase and glutin—degradation test. No pigments were produced. GF-3 strain was identified
as Bacillus sp. according to its physiological and biochemical characteristics and 16S rDNA sequence similarity analysis. The GF-3 strain
could effectively degrade cyhalothrin ranging of 50~600 mg-1.™". 100 mg- L™ cyhalothrin could be almost completely degraded by GF-3 strain
in 24 h. The optimal pH and temperature for GF-3 strain to degrade cyhalothrin were pH7~10 and 30 °C respectively. The enzyme analysis
showed that the enzyme responsible for the cyhalothrin degradation was extracellular. Besides cyhalothrin the strain of GF-3 was also able to
degrade other pyrethroids such as fenpropathrin, cypermethrin, deltamethrin, beta cypermethrin, fenvalerate and bifenthrin. Degradation of
fenpropathrin and cyhalothrin by GF-3 was best among the above pyrethroids, while fenvalerate and bifenthrin were poorly degraded by GF-
3. There were two plasmids in GF-3, but none was related to the cyhalothrin degradation because after plasmids curing GF-3 strain could still
degrade cyhalothrin.

Keywords: biodegradation of cyhalothrin; Bacillus sp. GF-3; isolation and identification ; characteristics
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B ARMERE FL ARSI T DB B A, 65 BT AR 2R A
S EMTG Y, SR i i o i TR Bk
TR, A MR AR T PR A 2575 Y ) — Fh R 2T
B, HETA S 4EEE PR A8 R S IR A RS R
I ) A 0 e it A6 IR ZEFFT B (Bacillus cereus ) |
FEOAT B JE (Alcaligenes sp.) ZLEKF & (Rhodococcus
sp.) i 24 I B 1 @ (Sphingomonas sp.) | 5 B {11 G
W & (Klebsiella sp. ) FIIR & T E WO fg S h R E A
TEAHAIESEE), A DT R 2 e 1) R A A o AR R
A B AET T R 25 T i R T 57 32 2 B T O
AR B figp st RS AR SR AR S 6 25 1 4 1) — AR 4 e
I F 4G 16 1Y 28 F AT 5 & (Bacillus sp.) 40 GF-3 Ay
FEfrvERE AT TR0,y HAE A e 5 i
FHARAE— 2 BRI

1 #MR57FE

1.1 EFESHF

FERHER RS FE (g+ L) :NaCl 0.5, NH,NO; 1.0, K,HPO,
1.50, KH,P0, 0.5, MgSO,- 7H,0 0.04, pH7.0, LB 355
(g-L7): BEREF 5.00, 7 (1 F 10.0,NaCl 10.0,pH 7.0,
99% 33 % 25 T A ) W H B 5t £1 K P A A FR A )
PCR it Hia55 W T L ifg i e O BB AT BR 2 \] s DNA
HE I PR G T Axygen; pMD19-T vector Il T
K Takara; i &5 P RN IR B K3 A F Oxid; H B (8
Al A 1R & E SO AT RARE T3 AR Hok
5Bl B o VL S
12 fENEESHE

BCR A4 25) K HERC O BHE TS 158 5.0 ¢,
BT 100 mL & 100 mg- L™ TR A8 0 JLml Eh 55 75 5
W, 30 CL 170 remin™ $EPRERFE 5 d, LA 5% B9 4% Fh
TR A g5 S ey, iz 3 W AR5 U 4
AR ERR RIS TR A TN 100 mg- L T) 5 44518 1
FERBER BRI I, 30 CIEFE 3 d IS, PRHUAETE
FEATINA 100 mg- L™ D)RK A5 1 0 B fili £h 35 77 57
M I alife, 152 aliss5E . SRIE7EA 100 mg- L
Ty 5% 45 T 118 A i a5 5% 7 5 v 95 F X o R 2
ik By B2 it 80 0 o B AR AR ), D 15% H i AR A7
F=70 Ck4f
1.3 BEHRBIEE

MRS B A= AR AR 2 228 SCHiR[19-20].
PR DNA $2HC . glifl | B i Ak 075 S
HR[21]. 16S rDNA J¥41] PCR 4" 45| Y= E [0 514 : 5'-
AGAGTTTGATCCTGGCTCAG-3", JZ[al5|#):5 -TAC

CTTGTTACGACTT-3" ;25 pL PCR J v 1A & & 15 bi
1 wL,dNTP(25 mmol - L™")2 wL, 54 (25 mmol - L) 4%
0.5 pL, 10xTaq 2& g 2.5 pL, MgCl,(25 mmol - L")
2.5 pL,Taq (5 U-pL™) 0.3 uL, #4li/K 15.7 pL,
PCR JZ 3 £%14:95 °C, 5 min; 94 °C, 30’ ;52 °C,30';72 C,
1.5 min; ¥ 29 ¥, 72 “CHEM 10 min, SR PCR [l
IR & Sy 1S 1 16S rDNA R B, o H il i 2]
PMDI19-T vector | ; ¥4 KT I DHS o, #6475 1
B 18 ; PRk (BB v, SR IBOTORL , B D) A R B
R /INCLS kb 2247 ) s ITF B Invitrogene 23 W) 58 1,
W Fp28 3 3 7 26 7M1 (http « //'www.nebi.nlm.nih.gov ) ,
5 GenBank (1) 16S rDNA J¥ 8 HEF AR LLER

L4 MFRIEFFERKBNE

MR PRI T, HRh T 50 mL LB A%
Ferd FEWCT 30 °C, 170 romin™ FEREEFE 12 h, 20
PR AE K R A BRI A, DA A=600 nm
SERCEETE Ao 2, B3R IR W IR 250 (VR 15
A SRR TC K G ™, K 2ead F i 20 2
PRRAE AP
1.5 RFEH S HTE

DI FAGBE A FE IR FH A f R B, H HPLC
FEAE S H D AR 0 R AR A 45 : Waters
Kromasil 100,0DS-C18 Jz #H#1: (4.6 mmx250 mmx5 pm ) ;
TANAH : B, W 1 mLemin™ s SRAMGINES , P 218
nm; P 10 wLo BN D) e 4518 T ik 2 (1~100
mg-L™) FEHFRAYOC R M ZL :y=0.099 1x+1.554 6x,
R?=0.999 1, ARHAE 5 Ty < 44 g ) i T AR AR 1) R
SR BT R, IV I 100 mg - L (YAF S 4%
Lo B RS S A TR o B A e 1208 3 Ui 8 A2 1Y
FIE.

1.6 THEF KA &

VOIS FR AP 6 000 remin™ B0 10 min, 35
VEW, WA 0.1 mol - L™ (W B R £ 2% M (PBS)
(pH8.0)PRIEPHUR , SR S5 7E UK HH FH R 75 I A e 4 e
BEALBE 30 s, [A]BR 5 s, AL PR EETE] A 20 min, 41
PR T 12 000 remin™ B0 5 min, FU03E, FIER
SV RS TR B T8, I FHE S8 T 0.1
mol - L™ ] PBS ZZ npif i , 15 B RH A 7,

1.7 BgiEHQMET %

0.1 mol - L BAFRERZZ /i (PBS)430 pL(pHS.0),
50 wL T 2R (FF A, 50 mg - L), 20 pl. ML
W ,30 CE4 T [ 5 min J, F 20 wL 6 mol - L™ HCI
AR, A 500 wL — 5 eI 2R 5 min ),
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FFE T A B, N, I AP EEE A 500 WL
H s i DR 2805, T 12 000 remin™ T 5.0 1 min,
B E E A HUAE TR SRS I 388 35 2 5% 44 TR 1 A A
M RIS DR AR & i o WIS 7 S P ARG
FIRAALZ TR B 1 ASARXS i ) B (U ) S FE AR
FAFT 1 min NI A RIS A TURE R B,
1.8 EgRYEIHiN L

VAR S7il Ny i V| PIPE 7 P2 27y
B L (6 000 remin™, 10 min ), FIEW(S1)HA; UL
FE(P1L)H 10 mL 10 mmol + L-! Tris - HCl 2% v ¥k
(pHS.0)H &, B.0>(6 000 r*min™, 10 min) , £ 2 X,
IE W (S2)FRAE ; DTVE (P2) LA 10 mL 25% 1) EERHA T
HEL T 25 °CHRY% 10 min, B5.0>(13 000 r*min™, 10 min ),
IEWR(S3)TRAT s DUTE (P3) Ve i 4l /K d o, 7Rk
F13%Y% 10 min, B5.0>(13 000 remin™', 10 min), 1FHK
(S4) AT 5 ULIE (P4) F & T 10 mL 10 mmol - L™ Tris -
HCI(pH7.5) ™, 72 0K o 7 A B 1 min, (] & 1
min, & 5 %, FE.0 (15000 remin™,20 min), &
W (S5)HRAF, UIVE(PS)F2: . #F S1.S2 H1 83 5IF, Il
S HEAMRE I, S4 S JE BT H U, S5 A i P U
1.9 FRAIAYHREX

S P it R W s S BBk, LA R 2 L
SCHR[28]
1.10 JRAIAYIE B

R R R B SDS 2SR HIE, (1)K B
BEFPF 3 mL LB B 32 7,37 °C.200 r-min™ §R 7% 5%
% 16~18 h; (2)HL 50 wl. 351 F4 0.05% SDS [ LB
FEFRWD 37 CHRZ 35 % 16~18 h; (3)HL 50 L Heff
T 5 mL A SDS /Y LB 55 IR 43 “CHik v 55 7F
16~18h; (4)H 5 (2) . (3)4;5 (5)H 50 WL #5256 T 3 mL
ANEr SDS WYLB 538,37 CIR% 55 5% 16~18 h™*Y,
SRIGHEFPTELB AR L, AR5 35 5 YRR R %, R 2]
LB 5538 P 30 CHRZ 5%, TR LA ok 4 JUBORL
DNA , FL KA

2 HRE59MH

2.1 WARHEEMBRENEIESEE

I E M A E . sl
15 B —BRXT T Fe 45 1R ELAT B = KA e T I TR BR , i 24
K GF-3 LR AR R 4 24 FCBHME A, d- 4, S Atk A=
IR, RS, 2R b AR BV R EDE | 2L
FE, 2 PRI, AN 8 3R $5 il il 52 PRV, RE A% W A6 ]
JIE . MRHE IR GF-3 19 16S rDNA J¥%1]( GenBank J¥7]

54 EU219735) KA G TR PR Y 16S rDNA J3 41 14
RIRGERKEWILE 1, SP2REZW R CF-3 5 Bacil-
lus sp. 41KF2b AJ831842 [ 4% 55 R IRilt , 165 rDNA
FPBRIIRYE IR 99% , FEES £ AR AY A AR AR PRI
S5 ZF AT R (Bacillus sp.) o

Brevibacterium halotolerans AJ620368T
Bacillus axarquiensis AY603657"

Bacillus malacitensis AY603656"
Bacillus mojavensis AB021191"
Bacillus subtilis AF074970"
Bacillus subtilis AJ276351"
Bacillus vallismortis AB021198"
Bacillus amyloliquefaciens X60605"
Bacillus velezensis AY603658"
Bacillus atrophaeus AB021181"
Bacillus sp. 28K AJ831844"
Bacillus sonorensis AF302118"
80| [Bacillus licheniformis X68416"

82—Bacillus sp. 24K AJ831843"
97~ Bacillus pumilus AY456263"
Bacillus pumilus AF234854"
Bacillus sp. 41KF2b AJ831842"
98- GF-3 EU219735
Bacillus acidicola AF547209"

r Bacillus indicus AJ583158"
100 Bacillus cibi AY550276"

0.005
| |
1 1RHE CF-3 REMBXEHRA 16S rDNA KB 4ER#EE

MEBNRERER
Figure 1 The phylogenetic tree based on the 16S rDNA sequences
of GF-3 and related strains

22 GF-3 BRBINWKRBFESHERKNXER

TESA 100 mg- L7 (1T 9% 38 1 1Y) B it £R 45 77 ik
T, L 5%BFEFh B (A o= 1.30 AYFP 35 e hb 2 15
FEEARRLZ FER 5% )1 A GF-3 B 7 (A g0=1.30),
F30 °C, 170 remin™ FEPREG S, BERE 2 h B 1 AL, M
FE Ao M FAGBRIIFR R L, 25 R WL 2, AEhA]
PLE R R GF-3 X5 2y 2K 2 T 1) 3 fige A T 44 1 A
BIEAHDC, EE SR 2 h 5, BRBR GF-3 XJ T J 44 R 1
fifik 67% /47,10 h 5 FEf#2) 98.4% . TAkE GF-3 1E
DT 9% 25 1 A M — B A B i A A
XU ARG 0 T AE B 5. 10 h )5, &
SRUIFRAGBRC LA e 58, (AR K E AT E I,
X ] RS H T I A4 TR I A %) v (] 7= My Ak 2L it T
PR KT 2k
2.3 GF-3 Xt AR[E)K B Ih K 5 B i) P R

TESEA ER 1% 37 3 o AR [A] 3k B 1 D) 46 T
i L 2 e JiE 43 91 k50,100,200 ,300.,400 600,800

mg- L DL S%IRER A GF-3 Bk (Agn=1.30),
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Figure 2 Utilization of cyhalothrin as sole source of carbon for

growth by strain GF-3

F 30 °C, 170 remin™ FERETFF, B35 A [H] A [R] 5 HL
B RES PRGOS TR .t &l 3 ]
D, GF=3 X 1) 5 44 g %) e Akl 5 5 e B A O B4 Ak
FERIE N, REAR AT R R GF-3 ARG B
(50,100 mg- L) (Y J) K A5 g HAG TR GF A B AR SCR , )
R MR (400,600 mg- L) A T 5 44 TRt BB 4 O
fife, ¥EF% 2 d SRR 253 0353 63.1%F1 46.33%,
1M X5 800 mg- L™ AT 4G e 55 7% 2 d IR AR RN
21.57% N KR & Jo PR A CR R A Hi v, (ELR o 1
JEART, 3 AT RS2 PR A o kB 1A 24 5% B (A A K =
—E A HIEA

800
700

& - 50 mg- L
5 600 -0+ 100 mg- L™
g 500 - 200 mg- 1"
#4400 —<- 300 mg- L™
= 300 O -m- 400 mg- 1"
. -1

X 200 4 -O- 600 mg- L
—+ 800 mg-L"!

0 6 12 8 4 6 8
B IR ]/
3 VIAREXS CF-3 BRI R BRI S0
Figure 3 Effect of initial cyhalothrin concentration on its

degradation by GF-3

2.4 pH {E%t GF-3 MR TR 5B 220

7E pH 4 5.6.7.8.9.10 ARl ER 55 37 5w,
A 100 mg- L7 TN I 45T, L 5% R BE A GF-3
FhF (Agn=1.30), T 30 °C, 170 r-min™" ¥R 5,
Bi g% 24 h R BURE  FESh 2 AL BRI , FHIROA €6 3% E AT G

W, Z5RCnIE 4)F W], pH X GF-3 B IR AENA
BRI, SEORTERRYE . TP PR R B 0 3R 5 o
GF-3 #REEME R D) R 24T, (EAE pH P A0 e Bk 1k
(pH7~10) R85 (W B SO R A 35 5% 24 h J5 DR 45
Tilg A B A R AR B 98% 2 Ay o TR TEFAE (pH5~6) B
SANH GF-3 X} TR A ER R ffe, 1 5% 24 h D)2 g
IR R AR 80%

120 r

100 ?//i ¥ & L
80

60

Reefi /%

40 t

20

05 6 7 8 9 10
pH
4 pH {EXY GF-3 FEMETH R S BR R R2AT

Figure 4 Effect of pH on cyhalothrin degradation by strain GF-3

2.5 BEX GF-3 FEAEIh K F BRI RN
TEREREERIE R LI 100 mg- L ATl < 441
P 5% R B2 A GF=3 i P (Ago=1.30), TR
[FEE R, 170 remin™ $2 REG 57 24 h BUEE, FE A 240
S, LS kb AR, 5 9 LR 5. 30 CCAM:
TS B GF-3 X PR A ER R , 25 “CT IR
FEAEHR 1T 20 °CTF R A B2 W] i 0ig . 557 1 d 5,
GF-3 7£ 20.25.30 °CF X Ty K 45 1 1 [ figt 50 )
76.1% .89.4% 98.6% . 40 CH Wik GF-3 X1k 24
RIARESAR: % 1d )5 DA ERIIRE R HA565.1%

120
100 +
";}Q- 60 +
&
o
40 +
20
0 L L L )
20 25 30 35 40
R EEC

B 5 REX GF-3 BEREIX BRI
Figure 5 Effect of temperature on cyhalothrin degradation
by strain GF-3
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2.6 EMEX CF-3 BRI R FERIZMN
TERREERIEFE AL A 100 mg- L (93 e 455 ,
LA 1% 3% 5% 10%F1 15%IF45EFHE A GF-3 1y Ff
FUWi (Ago=1.30), T 30 °C, 170 r-min™ $LJR}EFE 24 h
HURE  RER AL B 1.5 5 07 L gR ARG , 25 5 W
Bl 6, AR ENCUL , R0 i 5 T I 45T 1) FA i 3 12
IEARSE  (HERE AN K M A 3%~15%751FIN , J)
B MG I W i R 5 1 L 24 h FRBEAE IR B 98% 22 4
1% )R i X D) e 46 R A e RS A s, (HJ2 24 h
IR AL RE IR B 96% LA I, 31X AT 45 T bk 1) v g
ffRE 1A K
99.0
98.5 |
98.0 +
R 975
7@ 97.0 +

1 3 5 10 15
TR/ %
B 6 #EMEN CF-3 FERRTHR H BRI RN
Figure 6 Effect of inoculum on cyhalothrin degradation
by strain GF-3

2.7 GF-3 3R R IR RE R R BE AR

FEHEARER G TR B 3 I A 5S8R . DR 28
B EURAE IR RGN | S A R R A T
FUR A e, A E R 100 mg - L7, DL 5% (42 Fil
HAEA GF=-3 IR T (A 00=1.30),F 30°C,170 r*min"!
PEIREE T BRI  FE 2B 5, 1.5 Jrikadtid s
R, 25 5 L] 7 o GF=3 XA ] HUA R HL 44 g 1) R A 5
REFR, XIFRAER . FEEE R0 R 8OR
I X REE TR L TREAE TR e A A R L AR
D R o gt A8 R L T T S8 48 TR R EEK 4 35 T 11 e e 2
SRR 2, X AT RS T AP IR A B 454 I
1) 22 5 I L) o
2.8 PEfRERRESINI

MEL 8 HAT UL % ok 35.35 U-L7, Jil i a8
[ A 0.28 U-L™ BB , M IS 710 11.828 U-
L7, UG RT DASEN , TR 2 P o ik 1t 10 22 8 T A1 g
2.9 BEREREMEN

P TR L N GF =3 v B B0 S B e v
VKR & BUAEZY) 6 557 bp F1 3 500 bp ZbA5 Jikr 5541

W 9 B J8 BRI BRI TR 1Tz Bk, PR
TH B B ) B TR Y 4 PR 31 75 100 mg - L D26 R 1Y
FeptiEh R, F 30 °C, 170 remin™ FEREGFR,24 h

100
90
80
70
60
50 +
40 +
30
20
10

B AR
- FULAER < ORI
K- R AEE O IRAE
LS S L

& 1S3

ARG FE mg - 1

FanY o

1 2 3 4 5
BRI a]/d
7 ¥R GF-3 XA [E) AR RS ER B P A
Figure 7 Degradation of different pyrethriod insecticides
by strain GF-3

40

35+ —E

o025t
sz 207
Eist
<= 10+t

s Erel

8 PEfEEBRY NI
Figure 8 Distribution of the degrading—enzyme in the GF-3

izl

M 1 2 3

6557 bp ity
23 130 ]

9416
6557
4361

3500 bp ZiAv

2322
2027

564

M:A/Hind Il ;1. GF-3 Fiki;2,3:GF-3 HRiiH bR

B9 ThRFERPERRE GF-3 By Bk ik ik
Figure 9 Electrophoresis graph of the plasmid in GF-3
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JEIRE B SR ZANBRS  F 1.5 1 e TR ) B
R 28 3o FE TRI A BRI GF—=3 AN 115 55 S5 s Xof BB FAS i
FXTHR CKo RIBLBRLHER IS GF-3 FEM# DI 3R
AR 98.1% 5 W B BT GF-3 AbHH 98.4% # Fb 22 B A
K, UL 10, Ui B IR A B A R A ik R R i A e
Yefafk DNA |,

1201

100

A2 /mg - 17!
B [ o0
(=) (=) S
HH

NS}
[=]
T

0 . . '
CK GF-3 4L 7H JHERBURLAY GF-3 ZETH

B 10 GF-3 3¢ 100 mg- L™ Th R HBEHIPERR
Figure 10 Degradation of 100 mg+ L™ cyhalothrin by GF-3

3 #ig

(D MNAZS T HETs 3G e b4 2 8 1 bREE
DLy R A R A — R IR A 1 LK LR A (R A0 TR, 20 5
FE & T 2R AT & (Bacillus sp )4l , g4 0 GF-3;

(2)GF-3 BT R AR NS pH (ER 7~10, 5
TR EE R 30 CAEAT,  BEAR 21 9 48 T 1 o R R 2
P S RAK

(3)GF-3 iR RERFff S H A R TR AR S
e UGS TR IR A5 TR A5 2 FDL R U RS
;5

(4) Bt B0 2R, il LA LS M R 2

(5)GF-3 "t R/NR 6 557 bp Fil 3 500 bp 244
F4) SR, SBTS935 56 & B ) i 46 i 1) ok fie -5 ook Tt
*.
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