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Isolation, identification and degradation characteristics
of a bifenthrin-degrading bacterial strain BF-3

Feng-qin SONG'? | Gui-ping HU"?, Yan ZHAO"?, Min-sheng YOU'**
" Institute of Applied Ecology, Fujian Agriculture and Forestry University; >Key Laboratory of Integrated Pest Management
Jor Fujian-Taiwan Crops, Ministry of Agriculture, Fuzhou, Fujian 350002, China

Abstract: [ Backgroud] Bifenthrin is a synthetic organic compound similar to natural pyrethrins, and has been widely applied against
agricultural pest during the last decades. Due to its relative stability and long residual life in the environment, its residues have be-
come a serious problem in export fruits, vegetables and tea microbial degradation, due to its speed and environmental safety could be
an effective way to deal with the pesticide residues. [ Method] The bacterial strain capable of degrading bifenthrin was isolated from
sludge through the enriched culture. It was identified through its morphological, physiological and 16S rDNA sequence analysis. Its
degradation characteristics was studied by using single factor tests. [ Result] A bacterial strain BF-3, capable of degrading
bifenthrin, was isolated. We identified and characterised a Gram-positive bacterial strain BF-3 | belonging to Bacillus cereus genus.
The strain showed S growth in minimum salts medium (MSM) containing 100 mg + L™ bifenthrin, and after 7 days, the bifenthrin-
degradation reached 87.9% . The single factor tests indicated that the optimal values for pH, temperature and initial inoculum densi-
ty was pH 7.0, 30 °C and Dy ,, = 1.0, respectively. [ Conclusion and significance ] The identified strain BF-3 could efficiently
degradate bifenthrin, suggesting its great application potential to eliminate bifenthrin residues in the environment.
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(Hintzen et al. ,2009; Liu et al. ,2011; Wang et al. ,
2009) , fH AL WHO,2009) 2445 1K 44
eI 5 2 2l , R rb 2 3 1/ v B2 18 3 1 201
TEAR 25 A YR At A b, B AR AT Y
AR SCHEVEH] (Singh,2009) o WFFERMT, 7K kg
-4 IR 2 2 T T A AR Y B A P T
(Lee et al. ,2004) . {54 Wy REAAETH R A SR EREE
WA 2 g B FC A U0 I e 4 TR 2K 3%t ) 3 B O Tl L
A4 AT AR R RO =R TR R 2
15 YL — T AT R A B S R A (IR SE AR
% ,2005 ; Singh & Walker,2006) ,

F T, T CA R 6 TS SUAG TR U A TR |
FH 02 T S5 4053 H 4 T A 24 3 ik T 110 410, 7 128 3
) P i TR 2 B 2R AT 1R 8@ Bacillus | 13 5. M T
Pseudomonas . 5 2 % 5. {54 J& Sphingomonas | i ¥T
J& Enterobacter  Jo{0 k- J& Achromobacter . 78 T M
R J& Klebsiella . Vv 55 & J& Serratia .S, ¥ Y B &
Aeromonas . FEWRH J& Alcaligenes . il 55 J& Aspergillus |
KEWJE Trichoderma . 19 & 7 Phanerochaete  $% 5
W & Streptomyces £T 3R # Jg& Rhodococcus %5 (156346
AR, 2011 ) o TIAT I 2 2 TR A fife 11 50 185 4
TEIHRIE B /D (Wang et al. ,2009) , B 50 B Bk 48 25
Pl A Aot T A R B T (OB 7778 45,2009 ) | F B
R 22 % 1 Candida pelliculosa Salesa ( Chen et al.
2012) B B2 4% A sl T 5 Acinetobacter calcoaceticus
Salesa( XI| §5 #5 45,2012) | 8 /K 4 #¢ W Delftia
acidovorans den Dooren de Jong( & ¥ 45,2010)
AHIFFEALTH L BE AT 0 3 AP IR 4 2 T Y T bk, 8
TEAZEE Az BRA AR I 2 #5347 53 B %
HAkAT S5 T iR 2R PR 2R 300 0 T HE S AR R A
A, RIS IREE TR IR A iR i G (4 LR B S T4
BEE SR
1 #MREFHE
1.1 #m5iH

TR E AR A VL RIAR 25T HES 11 BR AR A TR
J5 25 (96% ) W H A gt B = 4 25 IR A A
tween-80 W {1 A= TAE ¥ TR A BRA A, P
A1 hE 30-60 JC/KGRIR B4 BRAR B SF I [ i
D /A I /S o T2 S

R AR A R Al 25 U - FRIBUBR AR A TR I 24 2.61 g i
T30 mL AR, A2k 1.5 A5 By H i A

tween-80 , FHN i E ¥ & 50 mL, 48 0.45 pum g R
1L KA 50 g - L7 BORAGER GG AT, B I
R INACKE G SR dkp

BERFEI(Zhang et al. ,2010) : 5 ¢ B A MK,
5 g BERHRECY), 1.0 ¢ K,HPO,, 1 o 20, nzEig
KERFL L, pH 7.0,

FLATCHLEE 5 F2 K (Chen et al. ,2012; Wang et
al. 2011); 1.5 g Na,HPO, - 12H,0, 1.5 ¢ KH,PO, ,
1 ¢ NH,NO,, 0.2 g MgSO, - 7H,0, 0.01 g CaCl, -
2H,0, 0.001 g FeSO, - 7H,0, 0.05 g ERE4EH4),
nzEKERZ1 L, pH 7.0,

LB J% 3% 3 (Sambrook & Fritsch,1989): 10 ¢
HER, S ¢ BEREHEIY, 10 g NaCl, K& & 2
1 L, pH 7.0 B il A R i A RS FR BT A 1.5%
g .

1.2 7#i%

1.2.1 EXFEEMENLE . E25FE W
5 g 518 T 100 mL % 50 mg - L™ BRAAGREAY a1 425
FEHH,30 °C 170 r - min ™' PRGHTFR4 d FRHUE 4
B FHWAY L35 10 mL fif A 100 mL % 100 mg « L™
IR AR A FERI 323,30 °C 170 r - min™' #7355
FiFRT d SR B0 mL 5537 IR A B W
200 mg - L™ BORAG IR SERE 15 7R 3 rh B3R 7 vk )
b BERT Aol FIRER SR PILLL 100 mg - L (RBREE
HRUAR s R PR A MRV B 1% 800 mg - L7,
I YA AT B Y B 95 W 23 6 AR RS IR A T
100 mg - L™ BRARBH TR G SRR B 7R 56 1o PR
KRB B P T AT aliAl , 1 240 IS B TR AR DR AP TR
T 15% Hhy LB Figr e, I E T - 80 C Ik
G2

1.2.2  FBfEe e (1) BERE A AL
R K20 B A AAS 3 4 B3R A TR S A A A 1 4
P T A LB 55973 1,30 °C 55557 16 h 5, 62
Bl R B el B L TR AR 45 (164K ,2008 ) o
AR TR 1 22 IR (55 R MATE S VR R AR
AA: BRA AR SRR TR AT 40 20 2 (AR TS B
LT, 2001 ) .

(2)16S rRNA F:HF37347 (Sambrook & Russell
2002) FNFRGE & H WG HE 20T G DNA f 4 B2 i
Murmur (1961) .24 DNA SRR, FH4HE 16S rRNA 3t
i A5 4 PO(5'-GAGAGTTTGATCCTGGCTCAG-3")
1 P6(5'-CATCGGCTACCTTGTTACGA-3") #4749
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RIS I WA bR BF-3 105 850 e R b .99 -

4 PCR 938 K WK £ - 514 PO (10 pmol + uL™")
1 pL, 519 P6 (10 pmol + wL™") 1 wL,DNA ki
1 wL,Taq PCR Mastermix( K # 4= fb Bl £ A BR 2
F]) 12.5 uL (2 x),ddH,0 %} & SRR % 25 pL,
PCR JZ S FEF:94 °C 5 min;94 °C 30 5,55 C 30 s,
72 °C 90 5,30 MEFF;72 °C 10 min PCR F=43% 1k
VAR T A TARAT BRA B H IIrAS e 51 4 52
GenBank #F17 BLAST FbXt, R a8 AWK T 95%
L 2 R AR 1Y P A, MEGA 5 34, H
Maximum Composite Likelihood 1% %Y i 5 1% 1% #H
&, Neighbour-Joining A4 % F #1158 Bootstrap
HITAN EAF B, #8805k 1000,
1.2.3  frFimw sl & CHwsH LB F G s,
PRI 5T A T 100 mg - L™ BXIRAGR Y LB
WARHER 1,30 °C 170 v - min™" 4§ 3% 35 95 & %5k
1, 00 5%E B Deog 5000 g BL> 5 min, YCEE
A o FHAE R 15 77 e R A 3 0, A 40 S5 B 0 75 1Y
Dego v VEATHA AR Z F 20 mL (Y ERIES JRIL &
B, AT SRR T T SUR Dggo o F 030
=NEYIEEN
1.2.4 MW AEKMEAEFELNNE  Hoifkfs
(¥ | fft B 420 T 100 mL 5 100 mg + L™ BXZR 5 PRI
FehihyEFREE T WIS T Dego o = 1.0, 3
VAT, LA AR ] e 32 J0 TR R ) Al 15 75 A R ot
H8,F 30 °C 170 v - min™' R HFE, M 0 d FFUR A
B% 24 h HURE ,3EZEH6 d, ] UV9100 AT UL / 48413
T EE T E BB Dog o [FIEF, L 1 mL 3557
WK 2.2 .1 mL A7 it A2 B3 K, WSCER AR A HLAH
ZICKBRRR K f5 , 1 0.45 pL JERET GC /N
rh o R SORE LT ASE I , I 22 I I A R A 2B G i
Rt £k o

SAH TSI 25 (5 e 55 ,2010) : Agilent
6890GC S AHEIEX, 17 ECD il &%, HP-5 454
(30 mm x 0.32 mm x 0.25 wm) , JEFE CEE 250 °C;
R (B FTHER) :160 C £ 5 min, 10 °C - min™'
FFZE 200 C {48 1 min,10 C - min~' F} £ 280 C,
{7 8 min ECD Kailll g5 B 320 °C 3 N, , Ji il
36 mL + min~", gEFEE 1 pl,

WRAAGBEPE AR (% ) = [1 - (SEska / )
HRSEMN AR ) | x 100 ( 225445,2012)

1.2.5  FRA 4 BF3 Bt W ®m
TN 100 mg - L™ BORA BRI IR 3L,
FEARIRGF5 400 (I .pH JZFh D) T 170 1« min™'
FEFRT A0 B R A BRI 3 AT, IR R
AR AR 2535 I 3 Ry 2 N R

(1) pH: 9875 pH 2351 2.5 .6 .7 .8 .10, K F53E
B IIAIER Degy e = 1.0,30 C FEIRFEFR

(2) $:Ahf 95 pH 2 7,1F 100 mL Ay EERTES
FRBLFRI TP 43 S 0 w3 R JE A T (Do . = 20)
500 wL.2.5 mL.5 mL.10 mL .15 mL( W AT 2 mL
PP Z 0 4 LB W AR ), R
Dy 53514 0.1.0.3.0.5.1.0 2.0,30 C $LIRKEF:

(3) EE: JA 15 pH Oy 7, 5557 5L B ) b
Dy = 1.0, 435 7E 10 20 25 30 35 .40 C $#ZIE
Ft.
2 FER5HH
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B, AR AE B RO A4 R () JE At 15 77 Pl B AR
0L, DA HP e H A e T B Y TR iR BF-3
2.2 Etk BF3 WESHEREBEELSGE
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Fig.1  Colony morphology of strain BF-3 on LB culture medium
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E2 BF-3 BB F (25000 x)
Fig.2 Electronic microscopy photograph of strain BF-3 (25000 x )

2.3 E¥ BF-3 WHFEERRGHAR

25 PCR 18 | F#k BF-3 ) 16S rRNA Jy Btk 2y
1.5 kb (|8 3) MR RGIEALR ([ 4) RIT, BHitk
BF-3 5HR ZF WA & Bacillus cereus Frankland [y
16S rRNA FH{LEE 5 100%

2000 bp
1000 bp

1500 bp

3 H#k BF-3 16S rRNA EE ik
Fig.3 Electrophoresis profile of 16S rRNA gene
PCR products of the isolate BF-3
1:T##k BF-3 16S rRNA JLH 18 7= 4
2,25 (A%} 8 ;M : DL10000 ( Takara) ,

1: 16S rRNA gene PCR products of the isolate BF-3;
2. Controll; M; DLI000 (Takara).

100 BF-3
|:Bacillus cereus B4264 gi|218230750

99 Bacillus thuringiensis Bt407 gi|409187965

99 Bacillus anthracis str. Sterne gi|49183039

Bacillus weihenstephanensis KBAB4 gi|163938013

94 Bacillus cytotoxicus NVH 391-98 gi|152973854

0.02

Bacillus megaterium QM B1551 gi[294496875
99— Bacillus licheniformis ATCC 14580 gi|163119169
L Bacillus subtilis subsp. subtilis str.168 gi|255767013
Paenibacillus sp. JDR-2 gi|251794036

Escherichia coli strain FUA 1035 gi[291510122

4 HE#tk BF-3 BREH ALK

Fig.4 Phylogenetic tree of strain BF-3

2.4 FEFEE BF-3 f4 1< i 25 FPE A2 th 2%

WA B BF-3 A4 25 Kt 22 A i 28 DL IR 5 T
RAE 2 B AR A T8 1 B Rl 3 i vh L 3 S A K iy
2 Hirh,0 ~ 2 d kR KOFZ2, B R s B A ik
) RV I 98 mg + L™ /0 #) 55 mg - L7, AR
HN66.5% 52 ~ 5 d FERRAKE, 55 5 KRk
WRIEE IR BB R (Do = 1.14) , FiFRILPIRIR S5 TR
) T 55 mg - L i1 29.4 mg - L7 A
N 46.5% 35 d JF MR A KA Dy oy BRIFTE 1.0
FEA (BB FR R P A B L 29.4 mg - 17!
T R 12.1 mg - L Bk g 58.8%

= —— [### Degradation
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Fig.5 The curve of growth and bifenthrin
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degradation of strain BF-3



552 1

RINER A RN A T Ko A T bR BF-3 19 70 B9 77 8 4 R A e

- 101 -

2.5 [BEfRE BF-3 HBERE
2.5.1 pH xR ® e pH N6 ~ 8N,

BF-3 XK AG TR O R f v VR s, 24 pH = 7 1, %
il AW 3K 57.9% 5 Z J Bl pH B9 TH S, Hefi 2R 1%
HTREAR (] 6A ) o3 iR ml i Bl i A VB2 A o s8R, T
FIE 2 DR Ay AT 1 I i I P AR At T 12k

252 HMEMEMBZRNZHE 1L Dy = 1.0
Z T, PR BE Doy o BIIEKIMTTET, 2 Doy = 1.0
s, AR R A e, 38 60% 5 Z 5 B Do v FITH G,
ek e A< U 71 2 (5T 6B) o 33X 158 I 92 ik 7T i
A HERRY Doy o = 1.06

g0, A fes-B 8. €

£ 50 £ 60 - £

£ = 4

£ 401 £ 55 - g%

< = =

% 30 E 50 1 £ 35 -

£ 20 4 2 45 1 )

y /| 25 1

$ 10 o ¢ 40 W

§ 0 T T T T T 1 § 35 v v v v ! g 15 T T T T T 1

2 5 6 1 8 10 0.1 0.3 05 1.0 20 E 10 20 25 30 35 40
pH D600 nm {8 B Temperature (C)
6 IEFREAENT BF-3 BB R HE MR
Fig.6 Effects of culture conditions on bifenthrin-degradation by strain BF-3

2.5.3 BEMEMECRIMTE mE6C IR, SRR SCHE AR R A R R A T 1R RS TP B B

fiff R B 1 S U B ) HE ST SR B AR, 2 SRR
h 30 C B, BRSO , 15 50.1% , Ui B Ak BF-3
XoF B A A e 1 o AR AR A T FE A 30 C
3 itig

AR & IR Ik, WA 25T HEI5 1
5 Ue DL F B OR 25 1R 1) 15 R S UEA TR L 5
T A 2 1 AR B A 2 280 I A 36 A 4 TR 1) 240 T o A 4l
HIERAE Az BRA LR PE RN 16S rRNA FE A 7571
OB KGR R R 45 5 A R ZE AT 1T ( Bacillus
cerews) , i 44 A BF-3 , BEIR 25 760K 1R A5 4008 1) S
YT 52 P , REAZEAR XN 25 A IR Th A2 T . © AT bF
ST, IR 2 AT TR G U S e A R AR (il
ANAE 2011 ) 5 FHC G IR A 44 R 114 ok ik DU Ay 6 el 1 U
R A F I 0715 14 TR AR Ay figk ke 8 AF 0 45 26
52 TP IDOR S I 1) A 18 5 Tn) TR A R0

TER A YA T AR 25 B s & b IR D
pH J2& 2 A~ HE % & 2 09 52 M [ 2 (Singh et al.
2006 ) o D\ T R [ A ek O AR 5 225 SR T 0, T Rk BF-3
TER Y IR TG (25 ~ 35 °C) K pH{EH (6 ~8)
PRI XTI A4S 44 T ) 7 e AR AEL %) ik 205 SR o 3K X BT R A
ZUMAE T EEAYBEE IR AEAEERE X
(Singh et al. ,2006) , AW} 5T FT 15 2] (1) G5 A4 3 Fb i
Pt i, P RE SR F T R X B S 46 T A AR A A FH 114 G
SHEDR T T TR RS B AR AR I A ) S e
FEIRK AR o 4 J5 AT LA —20 38 3 425 1 A1 ke o i R
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S 3k

KETR, EAbHE. 2001, F WAH ARG L% E FM. dbat: B
et

e, AR 2011, (R MMM AL s 4G TR AR 2L 5k Y
MIRFFTHERE. MRS R 5156, 33(8) : 87 - 91.

L, XHE, FREPE. 2012, SRR R RRAR B 3 B 4 E K
HfRetk. o EAm AR, 28(12) : 88 - 92.

Sl e, KRG, EZEF, R, ZE5AE, kA 2010.
YRR 4 TG e it w1 10 T 30k | 6 0 R LR A R . v b A Ak
BHERZE 2 AR, 38(10) : 98 - 102.

g, EEERW], R, UL, WA, 2, .
2012. A3 TR R fife AT 1 0 6 6 0 S e RR R AF 9. AR
WL FERE2 2R, 31(6) @ 1147 — 1152,

My, Tight, shaEse, 25, FX8, FHAE. 2011 &
TR BRI AR L12 (053 B9 % MRk, Bk
2, 54(4): 510 - 517.

ERANE, FHOHE, NG, SEERL MR, VR EEE. 2000.
PR He A PR AR 25 %o 7K AR 25 2R 40 M AR 25 F B 2R F T 25 3R
B RAE 2 AR SRR, 21(3) : 123 - 127.

TIRSE, ZENUMG. 2005, $DUBR HL 4% R A 245 4 M e e A o
k2. +3E, 37(6) : 577 - 580.

7R 2008, S SLH B LA Tk (0 TR DI RE AR E ST 11
A R A

BT, W, B5W, MRz, R, 2009, BRAHERRRE
I R B O 10 B WA MR B 9. PR A3, 18(3) : 273



- 102 - HW e 4]k Journal of Biosafety

B2 %

- 276.

Chen SH, Luo JJ, Hu M Y, Geng P and Zhang Y B. 2012.
Microbial detoxification of bifenthrin by a novel yeast and
its potential for contaminated soils treatment. PLoS ONE,
7:1-13.

Guan Y Q, Chen J M, Tang J H, Yang L and Liu J M. 2011.
Immobilizing bifenthrin on wood for termite control.
International Biodeterioration & Biodegradation, 65 389
- 395.

Hintzen E P, Lydy M J and Belden J B. 2009. Occurrence
and potential toxicity of pyrethroids and other insecticides
in bed sediments of urban streams in central Texas.
Environmental Pollution, 157 110 - 116.

Laskowski D A. 2002. Physical and chemical properties of
pyrethroids // Reviews of Environmental Contamination and
Toxicology. New York: Springer, 49 - 170.

Lee S, Gan J Y, Kim J S, Kabashima J N and Crowley D E.
2004. Microbial transformation of pyrethroid insecticides in
aqueous and sediment phases. Environmental Toxicology
and Chemistry, 23. 1 - 6.

Liu J, Yang Y, Yang Y, Zhang Y and Liu W P. 2011.
Disrupting effects of bifenthrin on ovulatory gene expression
and prostaglandin synthesis in rat ovarian granulosa cells.
Toxicology, 282 47 - 55.

1961.

Murmur J. A procedure for the isolation of

deoxyribo-nucleic acid from microorganisms. Molecular
Biology, 3: 208.

Sambrook J and Fritsch E F. 1989. Molecular Cloning:. A
laboratory Manual. 3rd ed. New York: Cold Spring Harbor

Laboratory Press.

Sambrook J and Russell D W. 2002. The Condensed Protoola

Jrom Molecular Cloning: A Laboratory Manual. Beijing:
Science Press.

Singh B K. 2009. Organophosphorus-degrading bacteria:
ecology and industrial applications. Nature Reviews
Microbiology, 7: 156 — 163.

Singh B K and Walker A. 2006. Microbial degradation of
organophosphorus compounds. FEMS Microbiology Reviews,
30; 428 —471.

Singh B K, Walker A, Denis J and Wight D J. 2006.
Bioremedial potential of fenamiphos and chlorpyrifos
degrading isolates; influence of different environmental
conditions. Soil Biology and Biochemistry, 38. 2682 -
2693.

Wang BZ, Ma Y, Zhou WY, Zheng ] W, Zhu J C, He J and

Li S P. 2011. Biodegradation of synthetic pyrethroids by

World  Journal of

Microbiology and Biotechnology, 27 2315 - 2324.

Wang C, Chen F, Zhang Q and Fang Z. 2009. Chronic

Ochrobactrum tritict  strain  pyd-1.

toxicity and cytotoxicity of synthetic pyrethroid insecticide
cis-bifenthrin. Environmental Science & Technology, 21
1710 - 1715.

World Health Organization (WHO). 2009. The WHO
Recommended Classification of Pesticides by Hazard and
Guidelinesto Classification 2009. Geneva; WHO.

Zhang C, Jia L, Wang SH, QuJ, Li K, Xu L L, Shi Y H
and Yan Y C. 2010. Biodegradation of beta-cypermethrin
by two Serratia spp. with different cell surface hydrophobici-

ty. Bioresource Technology, 101 3423 —3429.

(FriEs#t AARE)



552 1 RINER A RN A T Ko A T bR BF-3 19 70 B9 77 8 4 R A e - 103 -




