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Abstract: A bacterium capable of utilizing 3-phenoxybenzoic acid (3-PBA) as sole carbon source was isolated from petroleum—
contaminated soil. This bacterium designated as BA3 was identified as Sphingobium sp. according to its physiological & biochemical
characteristic and the similarity analysis of its 16S rDNA sequence. Strain BA3 was able to degrade 99% of 100 mge L™' 3-
phenoxybenzoic acid within 60 h. The optimal pH and temperature for the degradation were 7.0 and 30°C  respectively. The
degradation efficiency was related positively to initial inoculum size. The pyrethroid hydrolase gene(pytH) gene was amplified from the
genomic DNA of Sphingobium sp. JZ2 by PCR. Recombinant plasmids pPYTH was constructed by ligating pytH gene into the broad
host vector pBBRMCS-5. Under the help of plasmid RK600 pPYTH was transferred into Sphingobium sp. BA3 to construct
engineering strain BA3—pytH; Fenpropathrin degradation experiments showed that strain JZ2 was able to degrade only 60% of 50
mgeL.~" fenpropathrin in 48h while engineering strain BA3-pytH was able to degrade over 95% of 50 mg*L ™" fenpropathrin under the
same conditions. Even more BA3-pytH could rapidly degrade 3-PBA  metabolic products of pyrethroid insecticides eliminating the
inhibition of 3-PBA to pyrethroid hydrolase. Therefore in contrast to strain JZ-2 engineering strain BA3—pytH had more advantages in
bioremediation of pyrethroid insecticides contaminated environment.
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1
1215 Table 1 Strains and plasmids in this study
1619
N pBBRMCS-S Gm*
1 PSB0O7-15 o pytH
3 21 2 pPYTH pBBRMCS-S Gm"
PBM11 3_ pRK600 Cm'
2 CDT3 PBM11
5 Sphingbium sp. 122
Sphingbium sp. BA3 3-PBA G-
. coli DSyt pPYTH  E. coli
DH5«a
BA3 pytH
pytH * . 3PBA 3-PBA 50 mgsL™" 100 mL
3PBA 1.0 g 30°C 180 remin "'
7d 5 mL 3-PBA
5
1
3-PBA 3- 200 mg* L~
; pytH
3- Sphingobium 24 DNA 16S tDNA  PCR
sp. BA3 1 25
3-PBA 3- (http://www. ncbi.
PBA nlm. nih. gov) GenBank 16S rDNA
1.3
! LB
1.1 . 30°C . 180 r*min '
1.1.1
(MSM) :(NH,),S0, 1.0 ¢ A =600 nm
K,HPO, 1.5 ¢ KH,P0,0.5g NaCl1.0 g MgSO,* Agyo 2.00
7H,00.2 ¢ 1000 mI. pH7.0~7.2.
: 1.4 3-
3 PBA 50 mg-L'. 3- 26
LB ( ): 5.0g 1 mL 10 mL
10.0 g NaCl5.0 ¢ 1000 mL. pH7.0~7.2. 4 mL
1.1.2
3-PBA 3- 99% N, 200 pL
Sigma ( Sigma-Aldrich ). SHIMADZU UV2450 ( Waters 600) Zorbax C48 ODS
Spherex (5 pm 4.6 x 250 mm 1i. d.
1.1.3 Agilent USA); (60:40) ; :0.6
1. mLe*min ' 240 nm; :20
1.2 wL

1.5 3-PBA
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1.5.1 pytH

Sphingbium sp. JZ-2
PCR pytH ( P1:5'-AGCTACAA
GCTTATGACCGTCACCGATATCATCCTG-3'
P2:5'-GTCAACGGATCCTCACGGTAGATCAGCTC
GGTCGG3' HindIl  BamH 1
). 110 x Taq
5.0 pL dNTP (20 mmol*L ')4.0 pL 5’
(25 pmolepL."')1.0 L 3’ (25 pmol*pL™")
1.0 pL Mg>* (25 mmol*L"')3.0 puL DNA (
50 ng*pl."')0.5 pL Tag DNA (5 Uspl™)
0.5 pL H,0 35uL 50 wlL. 0.75%
DNA
PCR
Hind M BamH [
pBBRMCS-5
pPYTH E. coli DH5«a
E. coli-pytH.
1.5.2
E. coli-pytH
pPYTH BA3 E.
coli HB101 (pRK600) ; . .
LB
6 000 r*min ' 5 min 2
1:1:2 30C 24 h
(40 mg*L.7 ") (40 mg-L™")
(200 mg*L."') LB 30°C

BA3—pytH.

2.1
1 3-PBA
BA3.

vp

PCR BA3 DNA
1.5 kb  16S tDNA (

1 BA3
Fig. 1  Electronic microscopy photography of strain BA3
GQ176409). GenBank
Sphingobium
Sphingobium sp. x23 (EU095328)
98.5%
2. 16S rDNA N
(Sphingobium
sp-)
2.2 BA3 3-PBA
100 mg*L™"  3-PBA
1% 2
(Ago o =2.00) 3. BA3 60 h
3-PBA 99%
3-PBA 3-PBA
BA3 3-PBA
3-PBA . 4
60 h
(293 nm 235 nm)
(
) 3-PBA
2.3 BA3 3-PBA
2.3.1 BA3 3-PBA
3-PBA
30, 60. 100, 150 200 mg-L "' 1%
BA3 5 BA3
30 mg*L™' 60 mg*L”™' 3-PBA
(200 mg*L"')  3-PBA
84 h
2.3.2 BA3 3-PBA
100 mg*L.-"  3-PBA

1%~ 3% ~ 5% ~ 10%  15%



:3-PBA

BA3 243

W BE /mgL!

Sphingobium indicum B90AT (AY519129)

53
0.005 100 |—— Sphingobium francense SP*T (AY5191 30)
» L Sphingobium japonicum UT26" (AF039168)
Sphingobium chlorophenolicum ATCC 33790 (X87161)
Sphingobium herbicidovor MH' (DQ146618)
I Sphingobium fuliginis TKPT (DQ092757)
Sphingobium cloacae S-3" (AB040739)
91
_66|7Sphingobium amiense YT' (AB047364)
Sphingobium yanoikuyae GIFU 9882" (X72725)
Sphingobium xenophagum BN6" (X94098)

—99|7BA3 (GQ176409)
Sphingobium giguonii X23" (EU095328)

100 |

Sphingomonas wittichii DSM 6014" ((AB021492)

Sphingomonas koreensis 1$S-26" (AF131296)

2 BA3 Sphingobium sp.

Fig.2  Phylogenetic tree of the strain BA3 with type strains of Sphingobium sp.
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Fig.3  Utilization of 3-PBA by strain BA3 as
sole source of carbon for growth 5 BA3 3PBA
Fig.5 Effect of initial 3-PBA concentration on the
A degradation rete of 3-PBA by strain BA3
BA3 6 3%
2.3.3 pH BA3 3PBA
pH 3.0.4.0.5.0.6.0.7.0.80 9.0
100 mg*L.”'  3-PBA
1% BA3 7
A: CK
B: Treat with stain BA3 BA3 pH7.0 3-PBA
2.3.4 BA3 3-PBA
100 mg*L™" 3-PBA
1% BA3 8
200.00 2500 350.00 BA3  30%C
#ei/mm
4 3-PBA 2.4

Fig.4 UV scanning of degradation of 3-PBA
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120 BA3
100 2 BA3 N N
N 2 4-
80 —a— CK
5 —— EME1% H
ED 60 - —h— BEME3% 2 BA3
,ﬁ —— EMES% Table 2 Degradation of different aromatic
g 40 —x— HEME10% .
ERE15% compounds by strain BA3
20
0 P - N
0 12 24 36 48 60 + -
IR []/h
+ 2 4- -
6 BA3 3PBA +
Fig.6 Effect of initail inoculum on the degradation 1) + ;-
rete of 3-PBA by strain BA3
2.5
120
2.5.1 pytH
JZ2 DNA PCR
pH  (9) 840 bp  PCR
Hind 1M BamH |
pBBRMCS-5 pPYTH
E. coli DH5« 10(a)
E. coli DH5a—pytH
pytH
27
N PYTH
S /b p
E. coli DHSa—pytH
7 pH BA3 3-PBA
Fig.7 Effect of pH on the degradation
rete of 3-PBA by strain BA3
120
—a— 20°C
—=— 25°C
_ 23 130 bp
2 9416 bp
1§ 6 557 bp
' 4361 bp
3000 bp
2322 bp
2 500 bp 2027 bp
2000bp =
1000 bp
750 bp |
IRt E/M
M1: DL3000;M2: N+4{ind Il marker; 1: pytH;
8 BA3 3PBA
2: Hind I BamH 1 pPYTH ;3 :pPYTH ;4 :pBBRMCS-5
Fig. 8 Effect of temperature on the degradation
9 pPYTH
rete of 3-PBA by strain BA3
Fig.9 Agrose gel electrophoresis of the
recombinant plasmid pPYTH
1% BA3 30°C 180
remin "' 3d 2.5.2

(HPLC)

pPYTH
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50 mgeL™' (Gm)
50 mgeL"" 30°C 180
remin "’ 122
(a) E. coli DHSa-pytH  (b) BA3-pytH 3 . 3
JZ2 48 h 60 %
10
. . 3-PBA
Fig. 10 Transparent halo on agar plate of fenpropathrin
degradation by genetically engineered microorganism 3-PBA 3-PBA
122
BA3 BA3pytH BA3pytH BA3—pytH
200 mgeL " BA3—pytH 50 mgeL™'
10(b) pytH 95%
BA3 3-PBA
2.6 BA3pytH
BA3-pytH 172 BA3 pytH
BA3pytH 50 mgeL " 3-PBA
(Gm) LB 2% 172
3 BA3-pytH JZ2 3-PBA
Table 3 Degradation of fenpropathrin and 3—phenoxybenzoic acid by Sphingobium strains BA3—pytH and JZ-2
BA3—pytH 122
/h /mgeL~! 3-PBA/mg°L "' /mgeL~! 3-PBA/mgeL "
0 51.7+0.5 50.3+0.3 0
12 46.4 £0.6 0.8 +0.2 46.9 £0.7 1.2£0.1
24 31.6 0.4 4.7+0.3 37.3£0.4 5.3£0.2
36 19.1£0.2 3.3+0.4 30.2+0.2 11.7 £0.4
48 2.2+0.1 0.5+0.1 21.9+0.3 8.2+0.3
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(2) 3 pH 7.0 5 Halden R U Tepp S M Halden B G et al. Degradation of 3—
30°C 3 phenoxybenzoic acid in soil by Pseudomonas pseudoalcaligenes
POB310(pPOB) and two modified Pseudomonas strains J .
Applied and Environmental Microbiology 1999 65 (8) :3354-
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3-PBA BA3-
J . 1998 4(1): 81-84.
pytH 172 8 Topp E Zhu H Nour S et al. Characterization of an atrazine—
degrading Pseudaminobacter sp. isolated from Canadian and
French agricultural soils ] Applied and Environmental
1 Maloney S E Maule A Smith A R W. Microbial transformation Microbiology 2000 66(7) :2773-2782.
of the pyrethroid insecticides: Permphrin deltamethrin  fasact 9
fenvalerate and fluvalinate J Applied and Environmental J. 2001 14(2): 62-64.
Microbiology 1988 54(11) :2874-2876. 10 .1

2 . M .

. 2008 29(1) :231-236.



246 32
11 . Achromobacter xylosoxidans NS12 35-38 43.
. 2007 28(2): 19
422-426. J . 2009 18(3):273-276.
12 .3- 20
I . 2005 32 (5): 62- J . 2009 28
67. (1) :140-144.
13 Topp E  Akhtar M H. Identification and characterization of a 21 CDT3
Pseudomonas strain capable of metabolizing phenoxybenzoates J . 2005 25(4):399-402.
J . Applied and Environmental Microbiology 1991 57(5): 22
1294-1300. 3-PBA J . 2007 47(5):
14 Engesser K H Fietz W  Fischer P et al. 2-dihydroxy—4- 834-837.
carboxybenzophenone as evidence for initial 1 2-dioxygenation in 23 Wang BZ Guo P Hang B J et al. Cloning of a novel pyrethroid—
3-and 4-carboxy biphenyl ether degradation J FEMS hydrolyzingcarboxylesterasegene from Sphingobium sp. strain JZ-
Microbiology Letters 1990 69(3): 317-321. and characterization of the gene product J Applied and
15  Elliott M Jnaes N F  Potter C. The future of pyrethroids in Environmental Microbiology 2009 75(17) : 5496-5500.
insect control J Annual Review of Entomology 1978 23 24 M
(1) : 443-469. 2001.370-410.
16 GF3 25 J EF T. M .
J . 2009 28(7): ( ) 1996. 19-22.
1545-1551. 26 . HPLC 3-
17 JQLA-S J . 2007 26(2) :608-611.
J . 2006 27 (10):2100- 27  Guo P Wang B Z Han B J e al. Pyrethroid-degrading
2104. Sphingobium sp. JZ-2 and the purification and characterization of
18 CY22-7 a novel pyrethroid hydrolase J . International Biodeterioration

I 2009 31(11):

and Biodegradation 2009 63(8):1107-1112.



