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Characteristics of a 3-Phenoxybenzoic Acid Degrading-Dacterium and the

Construction of a Engineering Bacterium

DUAN Xiao-qin, ZHENG Jin-wei , ZHANG Juan, HANG Bao-jian, HE Jian, LI Shun-peng

(Key Laboratory of Microbiological Engineering of Agricultural Environment, Ministry of Agriculture, College of Life Sciences, Nanjing
Agricultural University, Nanjing 210095, China)

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 mg- 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. JZ-2 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 JZ-2 was able to degrade only 60% of 50
mg-L ™" 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.

Key words: 3-phenoxybenzoic acid ( 3-PBA ) ; biodegradation; Sphingobium sp. ; pyrethroid hydrolase gene ( pytH); genetically

engineered microorganism
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SRR T 0 B (ETR 5 B SR A AL 3RS e W i o AR
TS YL 1 R AR SR IR R e SR TR T B
7 22 T BE Y A 2 [ f R DR T AR B Rk A H R 9 1Y
o, i HRFOE N B v B T 44 TR K f# S
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Vo 208 A AR AT 4 T 28 A R R R o TR TR X 4 T
Ik HUR B BR (0 A= 1 S W 5 RUSE D+ o3 B

A FT MR b EE B3 0 438 b B 3 1 KR RE
SE AW 3-PBA IR AR B, X FL R A MR AT T A
I 3 I 44 TR 7K il 6 ) pye 0 ) 6 R T R 1Y
FBe A 3-8 A R WY R 55 AU % % TR Sphingobium
sp. BA3 1 BCINAEE T 1 R bR A it 44 T 2K % IR
) K Hodr [l 7= 4 3-PBA MY RER TR B, B9 0 T 3-
PBA BEf B 1Y D) B8, BEAS T A2 7= AL F AR, vl o
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1 #R5FE

1.1 Hrge st )
1.1.1 ¥rsdt

ToHLER 55 3 (MSM ) 41 A% . (NH,),S0, 1.0 g,
K,HPO, 1.5 g, KH,PO, 0.5 g, NaCl 1.0 g, MgSO, -
7H,0 0.2 g, /K1 000 mL, pH 7.0 ~7.2.

AR R R B A . e T AL R B R R b s
3-PBAZE 50 mg-L~".

LB S5 dk (M 7o 52 58 ) WKy 5.0 g, FE
J 10.0 g, NaCl15.0 g, 7K 1 000 mL, pH 7.0 ~7.2.
1.1.2 250 s

3-PBA, 3-8 G K HmE, 4l B 99% , ¥ H
Sigma ( Sigma-Aldrich, 7% [E ). SHIMADZU UV2450
AN
1.1.3 TR BRAIBRE

AHIE 5T BT F TR R R BORE 2 L3R 1.
1.2 0wy e M E

A R LU AR AR R R e S R Y - L A

F1 HEKRS RN

Table 1 ~ Strains and plasmids in this study
TR B L ek E3
R
pBBRMCS-5 J 48 FRAL, Gm” RZEH A A
WA pyH LRy .
pPYTH it : ERToN
pBBRMCS-5,Gm’
pRK600 SRS A R, Cm" AR SR 5
kL
2 TR 28 A BRI e i 1
Sphingbium sp. JZ-2 o- s i ENS i
Sphingbium sp. BA3 3-PBA [%f# @, G~ EN
A JFFL pPYTH ¥ E. coli
E. coli DHSapyit 0 UKL p B coli- s
DH5«
BA3-pytH A T RE EN

3-PBA ¥ 50 mg-L ™' 100 mL & £ 55 3% 3 dom A
1.0 g 4 B HEIE UL T°30°C (180 r-min ' 8 K 85
F2 7 dJ5 WS mL % 3 2 AR R vk B 1Y) 3-PBA B4R
Kgedhrh  HESREG 1 S WL W AR SR AL A E B A A
ek e Ak SR T, L B T e 2 O 32 AT R, SR U A YA A
3-JE AR LA T E YR B M 200 mg- L' TCHLER A B 57
SV M b EAT AN EA 43 85 8 o B R B R A4k, 2 B
Mk[24 ] 17 % % ,DNA $2HU X 16S rDNA 19 PCR ¥~
W42 BOSCHR[ 25 1 07 ¥, B i 4R 2 Wl iE AT 7 )
g,y gh A e 2R 4 i ( http ; //www. ncbi.
nlm. nih. gov) , 5 GenBank "1 16S rDNA J3 51 i
TR 35
1.3 HRRFR

M L Bk BB VK B LB O AR 8 3R S ik
A30%C . 180 r-min ™ $HIRIE I, WA I 2 X 40U
I AN B Y A K R o R R E | DA K
A =600 nm Kb G%E RN K95 5 IR VR, N
A GFRFAE B R K B I, A A, 0 B 2,00,
YE R Tl F K.
1.4 3R IE B R & 5 0y il

3RS R O A o S IR SR [26 ] K
1 mL 355, B0, B LW T 10 mL 20 g
4 mL g G e BB AR 3 J REE S )2 3R KA
WA HLAH , WA A HILAH 33 TG 7K B R B A, 4 T
KN, IR, ZHEE 2 % 200 pl, EALE . R &
R A 8 3% A% ( Waters 600 ) , Zorbax C-18 ODS
Spherex & A # (5 pm, 4.6 x 250 mm i. d.,
Agilent, USA) ;i alAH : ZH: 7K (60:40) ; i 0. 6
mL-min "' AN I 2%, P K 240 nm; JFFE &8 20
L, SR F A A 12 e g T B
1.5 FEfE A BEZES ) SCH ] 7= ) 3-PBA (1) %
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PR TP AT A A
1.5.1  Z5HEE /KB pyeH SE BRI 45 £ 3R
i

LA Sphingbium sp. JZ-2 B3 R 40 R AR , i
PCR ¥ 14 pytH H: A (1E 10 51 %) P1:5'-AGCTACAA
GCTTATGACCGTCACCGATATCATCCTG-3", J2 I 5]
¥ P2.5'-GTCAACGGATCCTCACGGTAGATCAGCTC
GGTCGG-3', TRIZAriE N Hind L 1 BamH 1 F§]
B P R AR BN 210 x Taq B4 1 52 N 2% o
5.0 wL,dNTP (20 mmol-L™")4.0 uL,5 %5149
(25 pmol-pL. ") 1.0 wL,3" %514 (25 pmol-pL.™")
1.0 pL,Mg>* (25 mmol-L™")3.0 pL, A& DNA (%)
50 ng-wl."')0.5 pL,Tag DNA BAHF (5 U-pl™")
0.5 wL,H,0 35uL, SARF 50 L. ¥4 0.75% 1Y
TR W R 1 FRL UK S T DNA 8 it 8] i 328 77 4 4l Ak [m]
W, Bl ™ ) 14T B L VK R PCR SR TE.

B R E Y ) Hind AT BamH 1 SLEE Y]
J 45 B 28 [ A B U0 Y BTk pBBRMCS-5 I, 1) &
FEIRFRL pPYTH , 551k E. coli DHS o, 56 UE J&5 1 BH
YA a4 M E. coli-pytH.
1.5.2  HE[H TR 1R 110 4

K =R 4G 1 T B K TE E. coli-pytH
FIAFTRL pPYTH %% 2] Z K BA3, #i B A A E.
coli HB101 ( pRK600 ) 5 I A B | B 147 | 52 14 T 7 &
FHRL P PTA TR 1 LB R AR 85 37 3 rf 8% 97 2 X0,
6 000 r-min " BS.0> 5 min, I JG B K V4 T K 2 3
PLRBRER PR R 5 B R R B 2 AR A
M 112 M LLBNR A, T30CHE G IR 24 h JR IR
AR KEE K (40 mg-[f1 ) HEREF (40 mg'Lfl)
FIH E 25T (200 mg-L~") B9 LB ~F4k, T-30°C $% 5%
J& , BRIE A K ik B 1Y) TRV AT S IE B VE B R A 4 R
BA3-pytH.

2 ERE5ITR

2.1 ARG S E

M R R WP IR 1 BRAR S 2871k 3-PBA
TR , A 24 0 BA3. TV& T B €6 S0 208 5% I TR
S AN IE W] BT B T B TR AT AR A W
ZEENMEE (B 1), B2 R P R = 284, 42 fi
it BV, SECAk T PH M, VPSR B, B3 2T 5 B
P i1 e 56 P | AS g 340 i R 3k, N e A A
[IFEN N R A

FIH PCR $ R BLE M TE #k BA3 LK 41 DNA h
LIPSk 1.5 kb [ 16S tDNA J¢ 31 ( & 5¢

E1 BEHBA3IRBRERA

Fig. 1  Electronic microscopy photography of strain BA3

Fh GQ176409) . ZJF ¥ 5 GenBank ") E A 75
AT X, BB B 5 Sphingobium J& 41 B % &
VT, Hd 5 Sphingobium sp. x23 (EU095328 ) 1 [A] Y&
PEf i %) 98.5% ARYE AT  SRFERGZE KT
B UL 2. 44 16S rDNA J3 51 8] Y5 4 20 A AL 25
Az AR AR VR 12 T 5 28 O B R T ( Sphingobium
sp. ).

2.2 KR BA3 LA 3-PBA Sy ME—BR VR 10 A K B % fif

TEERE R B FE PN 100 mg- L' ) 3-PBA,
PL 19 () #2 R i Hz A R JCHLER 85 7 5L 0k % 2 IR A
T (A, =2.00) , 25 F ULIE 3. B #E BA3 7£ 60 h
Z W FE % 3-PBA By R IAF] 99% UL b, i H 7R
3-PBARY R 72 b TR VR BE LB % 3-PBA 1Y [
FE T 1400 , 75 R % Ak BA3 TERE R 3-PBA B[R,
FIH 3-PBA PEMBE ALK B 4 15 97 0 G e
PRI 0 28 Ah B, N T LU Y B f# 60 h
Ji E 3 8 A0 DX W Y U4 (293 nm AT 235 nm) 3 2%,
Ul AT 2RI 28 v ] 7= ) R BR (R B W Jo 7 45 b
X A7 FRAE W i ) ,3-PBA Bl 5¢ 4> [ it
2.3 Ttk BA3 [ 3-PBA 1Y fieid 51
2.3.1 LB IG R EE X BE BA3 P % 3-PBA 1Y
5 1)

PESEREER R R 3 i A 3-PBA, i HL 2k B 43
%1k 30, 60, 100, 150 F1200 mg-L ™", LL 1% B4 Fh
HAE AR BA3 A7, 45 R WK 5, W Bk BA3 A
A%F 30 mg-L ™" F1 60 mg-L ™" 3-PBA H A R4
R A 3O R X A e Wk B (200 mg- L") fY 3-PBA K%
FERF RIS E] 84 h B b GRS FL R R 58 42
2.3.2  HERPER X} BA3 FEM# 3-PBA YR

TEFERHER RS FR BE P A 100 mg-L ™' %) 3-PBA,
V1% . 3% . 5% . 10% F1 15% B H: Fh &2 52 A B b
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53 Sphingobium indicum B90AT (AY519129)

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)

—99|7BA3 (GQ176409)

Sphingobium xenophagum BN6" (X94098)

giguonii X23" (EU095328)

Sphingobium
100 |

Sphingomonas wittichii DSM 6014" ((AB021492)

Sphingomonas koreensis 1$S-26" (AF131296)

2 BA3 5 Sphingobium sp. P ERNEKRMNEZLENE

Fig.2 Phylogenetic tree of the strain BA3

12 24 36

IR )/

48

B3 Etk BA3 L 3-PBA AME—BIREKER
Fig.3  Utilization of 3-PBA by strain BA3 as

sole source of carbon for growth

A: CK
B: Treat with stain BA3

200.00

275.00
K /Mmm

350.00

B4 BRT 3-PBA BEREH KM HEIE
Fig.4 UV scanning of degradation of 3-PBA

with type strains of Sphingobium sp.

250
—H&— 30 mg/L —-A—60 mg/L —&— 100 mg/L
200 —e— 150 mg/L —A—200 mg/L
2 150 ¢
&
£
i
& 100
501
i
0 = =
0 12 24 36 48 60 72 84
IR A/Mh

Bl 5 #HEREITE 4% BA3 F£#Z 3-PBA IR

Fig.5 Effect of initial 3-PBA concentration on the

degradation rete of 3-PBA by strain BA3

BA3 [FPF i, &5 R UL 6, B Fh ik 3] 3% s LU
S A S T
2.3.3 pH {EX Rk BA3 %M 3-PBA AR
fEpH 43.0,.4.0,.5.0.6.0,7.0,8.0719.0
B FEREER BE 2 3 0 A 100 mg-L~' ) 3-PBA, L)
1% W4 Fh i 52 A TR bR BAS Bl 790, 45 LI 7, B
Pk BA3 £ pH7. 0 B XF 3-PBA A [ fift fe 4f-.
2.3.4 REXT BA3 B#f# 3-PBA 52 IH
FEFEREER R FE B A 100 mg-L ™" A 3-PBA,
DL 1% B4 Rh 42 A BA3 Bl 7, 45 2 WAL 8, B Bk
BA3 1E30°C XAk 5 Wy 1) e it d5c 2, DM e i 56 At 1 2
55 TR R 8 5 30 A T B A — 3L
2.4 JRYRE RS
TEFEAl 0 55 % 5L o A £ Bl OR IR 2K ) i, %

LS
5
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Ee

B 2%

—a— CK
—— EME1%

E
2 60 —A— R 3%
» —a— EMES%
g 0r —x— EME10%
—o— EMEIS%
20
0 &
0 12 24 36 48 60

IR []/h

6 IETHEIE# BA3 F£f# 3-PBA MR
Fig. 6  Effect of initail inoculum on the degradation

rete of 3-PBA by strain BA3

Rt /M

7 pH X E 4k BA3 [£#% 3-PBA B
Fig.7 Effect of pH on the degradation
rete of 3-PBA by strain BA3

—a— 20°C
—8— 25°C

0 12 24 36 48 60 72 8 9%
Rt /M

8 BEEXE #k BA3 FE 3-PBA MR
Fig. 8 Effect of temperature on the degradation

rete of 3-PBA by strain BA3

1% B9 3% FF &= 3 A B Ak BA3 A T &, 30°C, 180
remin FERETFE 3 d JE, LA AN R AR
W5 (HPLC) M5 4% Fp 28 3R 28 W I (9 vk B A8 Ak, L%

SET R BA3 X & Fh AR BR2EW) 5T 14 ¢ Ak 1 00, 45 2R L
2,k BA3 RERE MR AR K — Wy 1A 2K Ty xR
M L 2 R, S RE A A % T X Al BE T 1 2, 4-—
i B A 1
®2 HHKBAI XM AREERLSWHOER"
Table 2 Degradation of different aromatic

compounds by strain BA3

FEBEEY e FEGEAE Y i A 1 i
g - C +
LA R + it i 2 -

i) 2 = 1 + 2, 4- T S AR 1 -

PO Ny ) +

1) + RRBEM ;- R A

2.5 FRARAUIGR He 2 PR 28 R ) A TR A A
2.5.1  pytH H&PH 5o R RN K J5RL 1 A 2

PIFRE 1Z-2 & DNA A, PCR ¥ 3 o ) 15
3| pytH ELH (K 9) , K/NH 840 bp, ¥ PCR =¥ 4
Hind Ml A1 BamH 1 XY J5 72 B B ) 15 £ kL
pBBRMCS-5 |, My & T # 4 ki pPYTH , Jf il Th 5%
W3 E. coli DH5oa, WK 10(a) R AEH , 75 H P
YElE E. coli DHS a-pytH Jil [ 11 B T 7K fif B | 3 /2
T pytH R 4 % 119 2 8 /K ik 6 R4 ik FH 9048 TR O A
THETF KPR, X 4% 0 & 415k pPYTH B4
W EE E. coli DHS a-pytH 7] DAAE Ay T2 T #) 2
1L AR AR

23 130 bp
9416 bp
6 557 bp
4361 bp
3000 bp o
2 500 bp 2027 bp
2000bp |

M1: DL3000;M2: \-Hind Il marker; 1: pytH;
2. Hind Al BamH 1 Y] pPYTH ;3 . pPYTH ;4 . pBBRMCS-5
9 E/AFA pPYTH MK B
Fig.9 Agrose gel electrophoresis of the
recombinant plasmid pPYTH

2.5.2 THEEHE

i =R AR EA AL pPYTH 5% 5% 31 B
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245

(a) E. coli DH50-pytH (b) BA3-pytH

(c) BA3

B 10 EETEREESPEGENEMETEE~Em0ERE
Fig. 10  Transparent halo on agar plate of fenpropathrin

degradation by genetically engineered microorganism

BA3 1 ,Z‘TJE}IET%T BA3-pytH,I$%—[% BA3-pytH 1
200 mg- L~ 1 G4 TS 10 AR B 3R 3P AR I
FEAE T KR [ 10 (b) ], %W pyrH 2[R A5 B Bk
BA3 ths Bl T IR A,
2.6 T FEH BA3-pytH X F 45085 T 10 4 fit

T HE BA3-pytH FUEUR B Ak 122 X 2
fis 1) B i, TR2 TR BA3-pytH 78 7 50 mg-L ™' K
KEZE(Cm) AR LB 5 3= EXHE, DL 2% %

PR A S 50 mg- L' KK EE (Gm) 1 H 544 B
TN 50 mg- L' AY FE R ER 1% 5% 2 4, 30°C, 180
remin "B IRHR B 5% W HORE | X K B AR JZ-2
AR R A B, A A0 ER 3 DL 45 R LK 3, Wk
JZ-2 ¥ 48 h Y] FH 5045 TR B A R AR 609% 247, %t
FH 044 TR 0 R v 1) 7= 40 3-PBA B R 518, 3
HOT R 3-PBA WYL R 3-PBA 1Y H R 43 %) 4 e
JK A T 7 AR RO A 3K AT BB B AR JZ-2 X H A
T 114 B2 i BB AN TR B BA3-pytH B9 R 2. T
FEF BA3-pytH A [R5 4514 T %F 50 mg-L~" Y B & 24
it (%) [ £ 2R 38 51 95% LA L[] Bk e FY 450 44 1 ) % it
HhE] 4 3-PBA A B B HR R i | DA T TE 5 i A R R
A T e B B AR B N £ 0 4 TR A e it 7 AR R B 4
il THREB BA3-pytH PR H X 45 44 s A1 Y 45028 Bk )
Rk it v 1) 7= 4 3-PBA B PR W it BE 0, 17 LL I AR T
Pk JZ-2 (e R TS Y L3R A B 2 v i B

#3 IHEE BA3-pytH ST AEE# JZ-2 X P H B0 3-PBA HIFEfR

Table 3 Degradation of fenpropathrin and 3-phenoxybenzoic acid by Sphingobium strains BA3-pytH and JZ- 2

e | B TFETE BA3-pytH SRR JZ-2
/h H R AE/mg- L~ 3-PBA/mg-L "' &2 S /mg- L~ 3-PBA/mg-L "
0 51.7£0.5 0 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

. 1989.

3 gﬁl’e [ 3] Miyamoto J. The chemistry, metabolism and residue analysis of

(1) MAiis g 800 2 3 1 ARRE LA 3- IR AU Bk
A R 4y O — i 5 AR S HLAE LS8 e B 1 A BT, 22
Y E R HH G W & ( Sphingobium sp. ) , it 45 N BA3.

(2) FEfiE 3R FOR W R 1Y J5cd& pH HR 7.0,
RIS R BE30°C, WAl 3-8 A B 2R R Y o3 kS
U 45 b B 52 TEAH DG

(3) W i S 58 /R, B RR BA3 AE % it 48 7%
Ty AR W 6RO AR AR, AS BE R A R

By XA L AN 2, 4- AN L IR )

(4) IR EE T 1 Bk BE PR R A 48 TR 25 2% SR 5
K Frha] 774y 3-PBA ML TR2 1, H T2 14 BA3-
pytH X 44 s 14 [ i RO 8RR TR AR JZ-2 1.

SE Lk
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