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SR 0.15% W RE Y s @ PR RG 97 3L 4F PSB 1Y
FEHEP N — & W FE 3 B R AR 255 O [l A4 IR 5k
FERFFRIE PN 1.5% M5 -

1.1.2  FEZKFRCES: BS54 8 5 R (959% ) 5

EE&TH: H%“863 71Kl "(2006AA10Z401 )5 Bl 5 +— F1. "FHE 3L H 1 HRI T H (2006BAD17B08, 2006BADOSA0S)
CIWAEFE# . Tel: + 86-731-4691736; Fax: + 86-731-4691166; E-mail: haoasliu@163. com
FEE BT SRAAAIC1980 - O, 55, WAL HE RN, B BEAFSE 5, [ LA 50 AR, SR 25 B E IS . E-mail: zsongb @ sohu. com

Y5 B #A: 2009-04-22; 1£ 51 H #A: 2009-05-18



SRFAAFIAS: — RS BRI AR 24 B PR 11 1) 70 126 568 S B L e gt I 2 DT FR) e /2 2741 (2009049C 11D 1521

TR DR OB (959 ) IR 3 I S5 Ky (95 9% ), ¥ B 1E b
PTAT R 2 ) R 5 P S5 TR S 3 T DK 4 4 T
PRt ity Al E 3y 989 ) W B R AR U7 (i R Kk
JRAT R W] 5 e AR 24 5% B AR WA 7 3 Ok (1 Al
AR Ak BEAS DN A 391 P 448 R AR I 5 BT AR 247 5% B A
MZ AT . 6890N “AH LI A (Agilents USA), 14
HL I8 7 8% (JEXL-230, H A< B 24 &), PCR X
(GeneAmp 9700, USA)D, J't 1% 7 46 (GZP-350, LifF
K LA R AT
1.2 BBENSB.HIE

BR AR 756 2.0 g I 120 mL PSB
BRI 7 d S, B 19 R0 215 H R
fiE 100 mg/LL & £ PE AR BE 77 26 P, 30 + 2C. 4
3000 Ix, JGIEREFE 7 d S5, B 300 p WRVEARRE VR AT 2]
T HESE R 100 mg/L 6B [ 44 R 77 2 v, e 8%
Fr 22 B I, PRIBCERT VR T A AN RN IRT AT, 43 i) e 2]
TSR 100 mg/L & FEVE WA R TRk, 30 +
2°C 2 3000 Lx, JEIEE TR 7 d 5, B 19 53 0 #EFh 3]
200 mg/L EFEIE IR A, A DL EP R, H F
1000 mg/LIEFERTFRHE . 15 d Ja Rl AR 259k &, DL
AR I) AR P2 1) R4 R, A ) 55 % 2 1 AN 2 0 40 B 1
FRIREE I S IR o 16 I A S B K ) EAT IS SEAIE I,
44 0 PSBO7-21. REiZ W Bk A T 120 mlL PSB 55
FRIEFREFR, 30 £ 2°C 29 3000 1x, FG IS %, B S F0
BRI IR A AR AR ) i, e S S 56 TP R VRO
FE AR 2910° cfu/mLo
1.3 EMBEE
1.3.1 BRI B S« K 1% 1) 4 e 3 1) L
H I, AR 5 AT B R 44 1, TEM ( transmission-
scanning electron microscope) ML E 11
1.3.2  iEA0 RSO HE I E : B 1.5 mL 5555 5 d
(196 & 40 18 B 75 W, 8000 r/min 250 PEHE 3 K, A
0.9% £ # & K H &%, /£ bob B BT
300 ~ 900 nm#Hi .
1.3.3 VA AR 10 2R B A Ab R AE 16 W 52 - 2 ISR
[131.
1.3.4 B1E 16S DNA 74 I & & R4 K T 5
AT < 20 TR K AT A S HOCR H] UNTQ-10 1 2CJE X 41 DNA
R SRl TAY TRERKRS GRA
Ao LAPTER IO T S DNA 4 BEA, SR 41 56 168
fDNA B 519597 551, PCR R RAA 5 (50 iD= 10 x
PCR Buffer 2.5 pL; MgCl, (25 mmol/L) 2 pL; dNTP
(10 mmol/L) 2 pL: 5149 Bpf/Bpr (25 pmol/L) 7%
0.5 plLs Tag F§(5 U/ul) 0.5 pls XFE/K 43 pl. PCR

N2 AF: 94°C 4 min; 94°C 1 min, 50°C 1 min, 72°C
1 min, T 30 ;5 72°C 10 mino R MN.5E )5, & 1%
TTEBE R UK, R I 1 R T 00 K NFRRE S . PCR
PG (PCR P atidb ik &, Bilg A TR T
ARG G R AR, ZH6 Bl T A TRA A
T

4 PSB07-21 M43 168 rDNA J¥ 41 #F GenBank
R blast BEAT LEXT, 88 J5 FH Clustal W 240
HEAT 22 PP A RIC , F V1 5 AS ) 4t 1R 1) R AR AL R o R

L4212 (Neighborhood- joining ) ME AT JEAL G 28 73 4 Al

RGO R D . HEAk 5 R A0 M R R GE W (1 4 2
i H1 MEGA(Version 3. D#AFREAT, RG50S
B A5 B (Bootstrap) ¥ HEAT 1000 % 1) F S AL 5, I I
LB E AN T 70% 4y M0 4 b iR
AY628689C Micrococcus luteus )VE A3 7Nt
1.4 AREVIEFH TERIRTE

120 mL 155 % BE 2K AR 25 600 me/L ) PSB 15 7%
Fe, N 0.5% 1% PSBO7-21 WK, 1555 15 d Jid HUFE
D A MR AR 2k B o R0 B8 AN R U D' e
FEE RLEE B pHL{EL LA 2% %2 VA1 Bk (1 3% Ak 12k fi S o i o5
TGS o R0 [ I S0 ¥ A 0 R 1) 2K i 7 B A [F)
LM TIERE AN R R % 3 IREH.
1.5 BHEREMBEGTEERE

120 ml [ 55 2 BE 25 A 25 600 mg/L I¥] PSB 1597
e, M 0.5% 1) PSBO7-21 B ¥, 35°C 3000 1x Jt
W7, 5 B — B i) BURE, I 5 2 1R 28 AR 24 5% 1
o BOR IR K R IR B R SR 4 MR 2 e
X, WRIG 3 IKER .
1.6 FHEEEKRAI=HINE

120 mlL Ff 8, I IE SR AR B 3 9K, Bk 543
A 40,40,30 mLe BEFE 2 KAL AT, REHIEC
BER R T 28 SO 2 28 42 10 mL, 245 N G K B
BRANIE 7K o AR €0 3 0 2 2L O DUAR B 0 A
FEE € 5, P B 3 o8 3 IE S P IME.

WARSAF AR - AR S5 Agilent 6890N,
AR RS HP-5 (30 m x 0.32 mm x 0.25 pm), 3K
R P TH i vk B 405 AR 4 I 160°C, 1R R
5 min> 10°C/min 7+ % 200°C» R %F 1 min> 10°C/min F+
£ 280°C, PRFF 8 min, £ W (L ECD )i & 320°C , ik
FEFTL BE 250°C, 200 N, (46 99.99% ), il it
1 mL/mine AR 1 L, 730 0C20: 1

S R S = RV

BEfER (%) = (1= C,/Cy) x 100
C, « PR AiAR VT b 0 35 TG 28 AR 24 5 B AR B Cmg/ L),
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Co = XoF TR 325 TR 2R AR 255 B < P Cmg/ 1) o
1.7 MEBREBERMNTESFIINE

R 14 20 )07 5 e o v 2 R A TR R =
U S T HAT B AR AR HITG DNA v B, IR AR 2
B AF Primer 5( Premier> Canada) W il — % PCR 514
Di/Dr (Df: 5’ > TIGCTGTAGAGGAAGAAGGA < 3/,
DI: 5’ > AGAGCTCTGTGACGATGACC < 3'), PCR ¥ 14
BAFE PSBO7-21 (1) B 5 186 S AR 25 IR L X, PCR J )3
A% (20 pL): 10 x PCR Buffer 2.5 pL; MgCl,
(25 mmol/L) 2 pL: ANTPC10 mmol/L) 0.5pL: 514 Df/
Dr (25 pmol/L) % 0.5 pl: Taq M (5 U/ul) 0.5 pls
ddH,0 13.5 plo PCR X Y 2% fF: 94°C 4 min; 94°C
1 min, 55°C 1 min, 72°C 1 min, i ¥ 30 #&; 72°C
10 mino [V 5E MU » 28 1% BERHE VK, A9 3
Wi K /ANFIRE S k. PCR P24 4liAk 5 (PCR 7= 4l
Ak G, BilgAd TAY TRERRSGRAFD,
ZHHC B A AR TR A W
1.8 F3InHh

WUFE B 43 1638 53 77 510, B FH ORF finder 748 77
#7 J% %1 (1) ORF  Chttp: //www.ncbi.nlm. nih. gov/gorf/
gorf. htmD), 6 Ffi www.ncbi.nlm.nlh. gov M %l 47 EE
XA o
1.9 RMGEE Fe( I HBERRIXLE

1E PSB 5 77 H P Il R Fe C 11D (M B
0.1 mmol/L), JI A 0.5% (¥ PSBO7-21 1# ¥, 35C~
3000 Ix JGHERT IR, 15 d W2 S MRS AR 25 5% B &, DL
AN FeC [T OALFE A X5 W = IREL .

2 HRFAM

2.1 EHMETE
2.1.1  EEFEREAEAE 40 M6 RSO < R R T 4
Fem e gt B 1, £ 883 nm- 808 nm-s 593 nm-
382 nm AT R AE RO, B S AT A RIS 3R 2 S
W N E, BEIREE R, PSBO7-21 Hef KR
FEFH pH 43720 30 ~ 35°C~6.5 ~ 7.5, B 4L ta ¥ 5%
2.0000
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El1 PSB07-21 WU i
Fig.1 PSB07-21’s photometric absorption.

Wy PR U A A KA DL AR T 39 IRRFAIE
2.1.2 JEASEMAESAERRIE: PSBO7-21 TE A4
Pl R WICE 2, PSBO7-21 A FFR, K/ANK 0.8 ~
1.0 pmx 2.4 ~ 3.1 pm, I A HEE, L0 17 AE
B o AERRAAEE R G, VP RNV B T, HJE AL
B, AN e R F e K H,S BN 9344 5 m] BAF) F 2 Fh
NS T LR CH R BN R B« FLTR AN < 14 R 72 )
A, AR FH 5820 Bl SRD 2R Ak 5 ) CTR = B2 A
2B I S JULIE 71 260 W o AR  TREB L H B B B AT AR
K, 78 B R R BEE R AR K SR UF, S RER)
NaHCO; -

Fig.2 PSB07-21’s SEM photo (6000 x ).

2.1.3 165 tDNA J3* 41 LLxh Je 2 48 5 77 4 93 #r:
PSB07-21 M€ 1] 16S rDNA J¥51), 7 Genbank H ¥ &
K5O EU0IS4SS, fE R A K B M L E P54
AB250616 ( Rhodopseudomonas sphaeroides ) % ¥ 163
tDNA 32812 — 5 3D, FIYRTE R 99% -
2.1.4 % 4 R WS Bergey's Manual  of
Determinative Bacten'ology[m » PSBO7-21 J& £1 AR H il pAT
J& C Rhodopseudomonas sp.)
2.2 FEMRFFIE

WRRRAEAN [ 4R ' A PF R B 3 Fh 4 iRk
A W 4-A Pk, AR 6 IR SO 3000 ~
4000 b, AR A USRI B AR AIOCR o TRR PR 3 Fi
5 BR AR 24 1 B R 6 TR 2 O 30001

WRRAEAN ISR pH 2571 T FEff 3 Bl g e 2R A
RN E 4-B T, pH 7 6 ~ 8 Z ], WKk XS 3
Toft 54 T R AR 245 A B0 e At 2003 W it e i pH
AT

R RRAEAN [ AR B 45 1F N B 3 Fh 4 iRk
AR 4-C s, BIFRAETRE N 30°C ~ 35°C 41
R 3 AR R A 2y BT R I R R ) B i B
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0.02

gg | Rhrodopsendomonas sphacrotdes AR230616)
a3 PSBOT-21(ELI B458)

100 Rhodopsevdomonas palusiris(D25312)

Brachrhizobinm japomicimm AY996780)
gg | Fracrhizobivm genosp. HIZ94816)
92V Bradvrhizobiwm Iupini169637)

|' Rhodobacter azoltoformans ) YT0847)

100 L phodopucier sp. PSY(AES15782)

Micrococcus fteus(AY 628689

& 3 PSB07-21 9 16S r DNA [F5IB LoD

Fig.3  Phylogenetic tree of PSB07-21 16S rDNA sequence, Micrococus luteus was selected as the outgroup to root the tree. Numbers in

parentheses represent the sequences accession number in GenBank. The number at each branch points is the percentage supported by

bootstrap. Bar, 2% sequence divergence.
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Fig.4 Degrading characteristics of synthetic pyrethroids by strain PSBO7-21. A: illumination; B: pH; C: temperature; D: degrading trend.

fiE PSR 35°C .

PRIARAE AR 4 1R, X 3 T 2 AR 24 11 P At 2k
551 4-D PR, WFE PSBO7-21 % 3 Flsg e 2R Ak 2
TERT 7 d BEMESCRIEAWI 7 d J5, B AR 3 e P
ETbe 15 d XF 600 mg/L FH S04 MR S0 2 IR TR OR
5 TG [ i 2653 N 66.63% 543 .25% 5 50.18% o
2.3 MEREERRTE
2.3.1 PCR ZCFE 57y LL PSBO7-21 BAK A KA,

PCR 4" 383K 4% — 25 KZY 1000 bp Zc A K 45717, 44 1%
H 2ty [, e o I P45 SRR WY, 1% H R 4k 3
291050 bpCFHIA W73 )

2.3.2 JPFU53 i MSE FT A7 5 ORFfinder 43 T 4
REW], & BLE A — A 329bp 1 ORF ( GenBank
Accession No.FJ793200 ). fE www.ncbi.nlm.nlh. gov
EEXS 73 M &5 R R W, % ORF 4 10 (1 7000 & B 4y
Burkholderia sp.383 ] 20G-Fe(C I ) oxygenase M [F] Y&
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T4 37.0% (K 5).

Sequences producing significant alignments: Score (Bits)
ref YP 3713321 Z0G-1'el]) oxyzenase [Burkholderia sp. 383] . 270
el ¥P O02875640. 1 hypethelica protein OA307 2394 [Ootadeca. . 243
et ZF 010126411 indalepviwvate forredoxin oxidoredustaze |... 333
welZP 017513821 mdolepyruvale ferredosan vaadervduelase [ 331
ref 70 036473931 phenylalanyl R A synthetase sitnnit alpha. . 331
Tel AP 036463891 phenyvlaluny - BN A synlhelase sutorn L alpha. . 331
ret 70 D30 I8TRI 1| hypothetical protein BIFRRE 00961 | Rifideh. . 350
ref YP Q023233361 phenylalanyl-thMA synthetase, alpha subuon... 331
Tel P &96230.0]  phenylalimyl-LRN A synlhetase qabomil alpha ] 331

ef 71 Q01205343 QG005 Phendalanyl-tRI A synthetaze alplu., 331

[ YP 00262314851 prruvale Loredoxinlavedosin oxiderdue... 237
Es MNESLNER
Fig.5 Blastp result of ORF putative protein
2.4 HNINEE Fe( 1 HPEREIIE
ISR FeC I1 ) B il 5250 25 B an & 6, Vs ik
i FeC [1 ), WFE PSBO7-21 X 3 Fh 2 WS A 24 1) B it
BE 153 41 10.229%9.53% 8.60% -

1
il
a

80 . Bk
— OFe(T

60

Degradation/®s
£
T

cypermethrin

§Ps

fenpropathrin hipthenthrin

'6 AN Fe( T X PERRE PSB07-21 MR R A1
Fig.6  Effect of compensating Fe( || ) on SPs degradation by strain
PSB07-21

3 itie

ot & 4 18 ( Photosynthetic Bacteria, PSB) & i 3K
bt R B AT R BE A AR R N R A
O T USRI, & 4l v mT LA 200 % A A B
A 25U B AR R B AR 2T L R A RS AR S0y
B — RO A 4 B PSBO7-21 T RK, W10 % o 40
FRLRBRT o 2 B R T DL 2% B o R A IR S A 2, 0
600 mg/L F1 3 e ST A4 T - IS 2 T e ik 2 4 i)
N 66.63,43.25,50.18% - LI RCRAL T T ¥
2590 73 B IR AR AR AT 5 LA S SR RA R SOV 3 1 21 A1 o
T o i 3 s 5 Y Y 280 Grant 250 Tallur
AfLI0) 03 B 1) 6 AL TR A R AT . T O A AR
FLAERE A A K, 32 v 1 P ok 11 4 TR,
I, T B 22 S AR 3 TR 2R AR 24 5k B v AU B i O
SN ERT, 0] A RS A 2 5% B 1R AR G ST SR N
A+ oEENE L.

PR PSBO7-21 B ffe P 28 B, 1% B AR R A8 3 A

SBER A MRS S AR KA A 3 &
W% B BAT W AR N . WTAK PSB0O7-21 X 3
Fhag R AR 24 B M 0 A — B0 LS5 R S Liu
2L (1) - BB A 0 X AN T ST T R g
AT RE ) AN ) (0 45 SR — 3, o] A i D52 B g
AN ) 5 46 SR R AR 25 R SR A A — B

PCR 75 5 W Bk PSBO7-21 58 B 2] — 4
1050bp ] DNA v Bo, 2 B R Wz b Be o & — 4
ORF, i% ORF T 22 5 5 Burkholderia sp.383 HJ
20G-Fe( I ) oxygenase M [V TEA 37.0% . 2 BE K
B LB AF et 224) 32 1, 44 16 A 24 1) B Aot 3o i
ST A 24 17 56 e IR I 7K A, G IR I S 1 K
=10 R S A A T R o AT 0 it ST P )
PR AR =4 3 3 0 A SC 7 B 16 ORF W]
REg AL —Fh 2 1, % 8 1 5 2 R S AR ™ 1 0 I A
S INAH G .

I vERERT ORF it T 85 15 Burkholderia
sp.383 [ 20G-Fe( ) oxygenase M [R5 55w, T LA,
W5E TN FeCD X R AR B AR 2R (5 . 45
PRI 0.1 mmol/L Fe(ID, M4 S bk PSB07-21
BEAR 3 P 4GSR EE KA 25 (MBI AE T Gaw ST 5T
R cu(IDINHI b DDT MR A Liu 2 W 5%
W, 10mg/Kg CuCTDF 1 - 35 A 4 4 At - 338 v 5
TR R AN — SR UE A R R T, (RN B3 In 7K A4 S5
2 T8 FH = 5o 50 020 TR D' B %5 VR 10,1 mmol/ L
Fe(ID, P4 R B bR PSBO7-21 [ i 3 i S AR 24 11 e fit
REJ, P REM SR R S I 2 Fe(TD AT LASR Ry AR S e
K] ORF i AL 586 At 8 114 35 2, B0 348 2 TR 2 AR 24
(106 B i 25 DRI U, Bl FeCID R 1 BT AR PSBO7-21 1)
BEMRAE S IHLER, LL K 1% ORF 2 fis I 1) e A 8 R A
Rrb— L IR

%% Xk
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Isolation, identification and degrading gene cloning of a pyrethroids-degrading
bacterium

Songbai Zhang''?, Deyong Zhang"'?, Yong Liu"'*" , Xiangwen Luo*, Feixue Cheng’, Yuanhua Luo®
(! Branch of Longping, Graduate College, Central South University, Changsha 410125, China)
(? Hunan Plant Protection Institute; Changsha 410125, China)

Abstract: [ Objective ] This study aimed to isolate, identify and clone degrading gene of a synthetic pyrethroids degrading
bacterium. [ Methods] A photosynthetic bacterial strain PSB07-21 capable of degrading several synthetic pyrethroids efficiently
was isolated by an enrichment culture. PSBO7-21 was identified based on its morphology, physiology and phylogenetic analysis of
16S rDNA sequence. The degradation ability of this strain was evaluated with gas chromatography . The degrading gene was cloned
with PCR. [ Results] PSB07-21 was closely related to Rhodopseudomonas sp. The optimum condition of degrading synthetic
pyrethroidss was at 35°C, pH 7 and 3000 Ix. PSBO7-21 could degrade fenpropathrin, cypermethrin and bipthenthrin by
66.63% > 43.25% and 50.18% in a concentration of 600 mg/L at day 15, respectively. We cloned a putative gene which was
326bp long with 37.0% identical to 20G-Fe( [[ ) oxygenase gene. When compensating low concentration Fe( [[ ) in PSB
medium with synthetic pyrethroids, the degradation efficiency of PSB0O7-21 was enhanced. [ Conclusion] The strain has the
potential application to synthetic pyrethroids bioremediation .

Keywords: Rhodopseudomonas sp. PSB07-21; synthetic pyrethroids; degrading-enzyme gene; clone
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