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HEE R E R FER U E R R g RiE

#Z RAkiE EwAl
(SR AR AL AL FR S MCE ) TR SIS VI3 s 210095)

B OE. [869) ARG LB P ihk B AE B U AR, FFAN T S AT 2 5L 7 BR BR A e
AR, [Fx] ABRRBAE—R, KNG RIZIEHiLy B MEETREAR, £
A 16S rRNA KB 5 7| st B vkt AT 8. @it PCR ¥ 38 5 4F 3L HHPD AR 53], ##
pETH4 % ik BAR T KM AT Escherichia coli BL21(DE3) ¥ #t47 7R & iA. @iddn e & &
440 nm &t &9 BAAB 2 HT Ak E. coli BL21(DE3)-pETH4 F A a8 B e 4t s, (4 %] £4
10 mmol/L FE#;FEAAn | o/l BARBRGYLFIEARA L, 0 BIF3| 7T HRAERIESDE, 1A
TEWATH &, 2HMAREATE B, dRAREIHAE. KNI RAES Pseudomonas sp. AM-H4 +
¥ 3£433| HPPD ¢4 K B H 1 056 bp, 5715 Acinetobacter baumannii < 48 HPPD &9k
B 5 7 A8 L 3] 99%, 341 45,58 RARBR R KA AR, HPPD AR & XMATE + FNHF R
R, BAONTEKRNY 40 kD. @4k E. coli BL21(DE3)-pETH4 72 40 pmol/L #4#8 3 BRI B R B
LB 2 AA T ETFSMARFHAL, 489B Z 5T 200 umol/L &9 #EAREER. (48] Lk iF
#9 HPPD A RATH) AR BRI, AR EA ML T A — A,

KRR, AHEREER, ATHEARARBIINESE, AR, LR LKL EE

Isolation of mesotrione-resistant strain and cloning and
expression of HPPD

HUANG Yan XIA Bing-Jie CUI Zhong-Li"

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

Abstract: [Objective] The mesotrione-resistant strain was isolated from soil, and the resistant gene
4-Hydroxyphenylpyruvate dioxygenase was cloned and characterized. [Methods] Using tyrosine as the
sole carbon source, the strain was isolated by gradient enrichment culture. The isolated strains were
identified based on 16S rRNA gene sequence. The resistant gene 4-Hydroxyphenylpyruvate
dioxygenase was cloned by PCR amplification using the genomic DNA as a template. The expression
plasmid pETH4 was constructed and expressed in Escherichia coli BL21(DE3). The
mesotrione-resistant property of E. coli BL21(DE3)-pETH4 was tested by measuring the absorbance at
440 nm. [Results] Seven bacterial strains, which could grew on MSM medium containing 10 mmol/L
mesotrione and 1 g/L tyrosine, were isolated. They were identified as Acinetobacter sp.,
Achromobacter sp. and Pseudomonas sp.. PCR fragment of 1 056 bp was obtained from Pseudomonas

*BTMEE: 02 czl@njau.edu.cn
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sp. AM-H4, which exhibited the best resistance to mesotrione. The cloned HPPD gene shared 99%
sequence identity with that from Acinetobacter baumannii, replacing aspartate-341 with alanine. The
protein of HPPD was expressed in E. coli BL21(DE3) with the molecular mass of 40 kD. The
absorbance of brown pigment produced by E. coli BL21(DE3)-pETH4 in tyrosine-LB culture was
significantly reduced in the presence of 40 umol/L mesotrione. In addition, the brown pigment was still
visible when the concentration of mesotrione was greater than 200 pmol/L. [Conclusion] The HPPD
gene with high mesotrione-resistance was obtained in this study, which maybe a novel gene source for
the application in breeding of herbicide-resistant crops.

Keywords: Mesotrione, 4-Hydroxyphenylpyruvate dioxygenase, Resistant strain, Gene cloning and

expression

A BB VE T 15 B B ) B AR N i B M AR ) 2
Haim ) s s itz —, I 4Rk, it
H B B E 0 Tz AR e 1 s A 4
BRI EmR PR ER . (HEERTE M T 29 At
T BB MR EL, PRI & B R ) S BT Al
iR B a0 =2 (Triketones)5: B 1) 2
BETF R — 2 AL BIBR ), RS R T 4l
W AL T, 5 A 41 o X 3 3 2R T 7 XU 4 it
(4-Hydroxyphenylpyruvate dioxygenase , HPPD ,
EC1.13.11.27), Wl R BRI, (PR AIA
BWmMAAEY G, FEHEYRH Ak, KR
SRR RAEHI Y, L HPPD bR A R
RGBT 0K . R ANHAA A8 . 5
1E34(Syngenta)ZA 7T & (il ik 5 (Mesotrione)!,
T 2006 AEAEFRE AR XA 856, O FOKH
e A2 W B R R A A 2 — o R R LR R
ZRA S5 S DR AR B, FFREA BB XT
FH . ALS R = E R A ST 2 ()
&0 FRINE L), XetEfEw % s, AR
Y 2 8 TR

TR S BRI R DL T
M HURAEY, W TREERFREMERA
HPPD 314 M 100 o DR A 2 A 3 1)
H AT A P HPPD #5194 5 K I AE
B A IO UK e A (- (YN 3
IBHVRTF Pseudomonas fluorescens 1) HPPD 287514,
ol LT 57 S5 Sk 2 i (Isoxaflutole) ™, Ji5 25 L&A1 7
KR T (Avena sativa)fit) HPPD 28 A8 A X1 il 571
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BARAECHI LT, AT 2 G e 0 S s
N, BRI NVE R RIS R R, PEREOL R A ThE
SRR DG . AR AN R A Wy FAE R
VY HPPD JER Ak wl o ekt (BAT SEpR e
FIPiit HPPD HE R i e FIA] FH A RAE AR > . AHIFSE
PG B S USRS 20 B S 1, pE— 2B XL
TSR AT S E AT T Se ke A RIAY, B
TN 85 B B SR BL 1 A B A e A ) B S A
1 MEEHE%

1.1 MRS

111 EEZRF: BB MELR, %E 0XOID
NE BN TEZRMN(Amp). IPTG FIBIERE, i
HTAY TEAR/AF; DNAMarker, dNTP ., Tag
DNA G0, FREIENDIEE . T4 DNA &40

pMDI19-T Vector, Ki%FAEY)/An]; 4iE DNA $2
B £ PCR IS & , b st A 28 s B
RARAF; 51905 AT b e s 4 E
RAPRAFIGERR; AR VTR R B2k
A RAL AR B Al

1.1.2  EZE{LEE: Tanon 2500 EERIIL RS, i
KEERHE AT ; MyCycler' ™ PCR §141%, [
Bio-Rad 2AH]; HRRHLIKICRIER FIEE A vk, b
T AN—I4EY; Beckman 52N E R E.OHL, £
[E Beckman /A /] ; UV-2401 4ha] W66,
HZ SHIMADZU Awl; ZIREREFRL, BHA]
TECAN Al
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1.2 EFERIBREH

LB H37 3 (g/L): R A B 10, BEREF 5,NaCl 10,
ZEMK 1L, ¥ pH % 7.0, 1x10° Pa K& 20 min.
[RGB Mg 15 g/Lo

LR TCHLER B FE . (MSM, g/L): NaCl 1.0,
NH,NO; 1.0, K,HPO, 1.5, KH,PO, 0.5, MgSO, 7H,0
0.1, MZEWKERZ 1L, #pHZE 7.0, 1x10° Pa
KT 20 min.

B R BFIR (100 g/L): BRI 1 g BEERRIA T
10 mL 2mol/L NaOH, iJEFR T4 .

TR B A1 (200 mmol/L): FRHL 6.78 g it
T 10 mL DMSO %7, 18R .

%R LB K5 3E(TLB): 7EE K HAY 100 mL
LB 533 A 1 mL 2 UERBR A 0 i & B R,
0.1 mol/L HCI ## pH % 7.0,

fi% R TCAHLER B F2 5 (TMSM) . 7EE K Y
100 mL MSM i A 1 mL 32 B 8 1 s 2 R K
H1 0.1 mol/L HCI J# pH % 7.0,

i ik 2l i 2R TO AL ER A SR L (MTMSM) . 7
100 mL TMSM H 435 0A 1, 2, 3. 4, SmL i3
PREA PO RS BRI RE, AER 2R 2, 4. 6.
8 1 10 mmol/L,
1.3 IMEERRTFIEZS B

FRBUCRAEM LFE S g MASABIEERAYT 45 mL
JeHEKH, 37°C, 150 r/min &7 2 h J5 BUH # &
5min, B2 mL _EYEBOMAEIE 2 mmol/L fiFfitf # i
f MTMSM 1, 37 °C. 150 r/min £55% 72 h, B I
REEFFW 2 mL AR E 4 mmol/L AHAH LAY
MTMSM 1, 37 °C. 150 r/min }53% 72 h, LA
#He, BHT—ReRFRIE YA 6. 8. 10 mmol/L filf
T SR 9 MTMSM &, 37 °C. 150 r/min 557
72 h. [FIBTBUGE R TR M T & 10 mmol/L
TSR BT LB SRS SR PRERETE & A it R
PR EAK . TR TR AN R0 B R S R k4l
b, SRR T-70 °C T-47

1.4 HUMEFEPRAY 16S rRNA EE F5 2 K& RS
wHiHE

SR FE R4 DNA R BO7 BB RS R
41 DNA, RGNS 9%t 27F F1 1492R! ik
7 16S TRNA FE[H 1) PCR 74 , PCR 2K 20 pL /2
BiKZ . 10xTaq buffer 2.0 uL, HHz (40 mg/L)
0.5 pL, 27F (20 umol/L) 1 puL, 1492R (20 pmol/L)
1 uL, dNTPs (2.5 mmol/L) 2 pL, Tagq F(5 U/uL)
0.2 uL, Jl ddH,0 #hZ 20 pL. P 1 51F K. 94 °C
5min; 94°C30s, 54°C45s, 72°C 1 min, 3t 33
AMEFR; 72 °C 10 min; 4 °C 15#4F. F 1.0%350158E
EERCH KA PCR 473474, JEFIH PCR =¥k
A Gt fralifk, M5A9)F7 51 H BLASTn #E4 740
IPEH RN X, RIFRHERE & 16S rRNA
FELHTE EZTaxon-e (http://www.ezbiocloud.net/eztaxon)
B PEHEAT X, B HC S R R 5 R A R O
§1, FIH ClustalW #4347 2 H P9 XTI, R
MEGA 6.0 FAF53HT, il 4R s pT i s ik 1)
RS,
1.5 MHEEIIMEER hppd BT

4l CodeHop 71 £ 7 M7 & 1+
(http://blocks.there.org/codehop/codehop.html) ¢ 11 i
J#514) HPPD-CODEHOP-F F HPPD-CODEHOP-
R, HFY 1S hppd SEHPPRF XIS, =238 b
BERCHRIK AL IS, %4 pMDI19-T 2k, ik
E. coli DH5a,, £AFEINT . LIP3 hppd R~FIF5))
() TE bR DR 4 R AR B, AR i = R AT R
(Acinetobacter baumannii 1656-2)0% hppd FEH A4
¥ 4% —%1514 HPPD-F1 #l HPPD-R1 (3 1), %
FH PCR ¥ H K 1), P45 405 BT
A GenBank I
1.6 FHIEXMMERRIFERIE

4% HHPD 2755 B iR s
HPPD-F2 fil HPPD-R2, W3 1, PIJEHZ] DNA K
PR 38 hppd FEH . 81U hppd DNA FBL, H
Nde 1 F1 Xho 1 WH§V], & Z#AK pET-29a(+), HEH
Fk#AK pETHA, #:4k E. coli BL21(DE3)., ¥&H
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Table 1 Sequence of primers

514 F4
Primers Sequence (5'—3")
27F AGAGTTTGATCCTGGCTCAG
1492R GGYTACCTTGTTACGACTT
CODEHOP-F GCTTTGGCTTAACATATATTGATCATTTAacncayaaybt
CODEHOP-R TGCCTTTGCGTTGAATAATTtcraaraadat
HPPD-F1 ATGGATATTTTAGAGAACCC
HPPD-R1 TTATTTTGCTTCGAGCAC
HPPD-F2 GGAATTCCATATGGATATTTTAG"
HPPD-R2 CCGCTCGAGTTTTGCTTC

TE: FRIZONREDIfLAL.

Note: The underlined part are restriction enzyme sites.

BH P 54 JTORE AN 25 JFORL 3 R pET-29a(+) ¥ 418 TR A
RiFRE ODgoo 1 0.8-1.0, MAZLHKEH 1 mmol/L
) IPTG, 37 °C. 220 r/min #E% %5 12 h,
12 000 r/min &5.0> 20 min WEER K, —20 °C £-AF

FH 200 pL JCRE/K FA AR, B 40 pL BHAETE
W, A 10 pL 5 %5 FREGE M, WK T 4f#% S min,
M1 SDS-PAGE JEHLVK, HEWeliivt, 7% 4
T 0L J W
1.7 HPPD RYFEREEEI N E

PREL E. coli BL21(DE3)-pETH4 FAE 4 , 45703
HFRIBE R (50 mg/L)) 5 mL LB 45, 37 °C,
200 r/min 55K o K H DL 10% B B AR
AREZZ () TLB (96 LAk, 200 pL), BEEA[F A
WA FEERMR EERREE, 0. 2. 4, 10, 40, 60, 80, 100,
200 pumol/L, }i7% 1 d J5MEEEAE AL, [F]
FELL10% 3R i A& RIREE 2 19 5 mL TLBIRX A,
B3 1d )5, HW 12 000 r/min 5.0 5 min, B FiH
200 pL % 96 fLAR, FIFHBFPRIE Laso A0 AW
6", FIFH Origin 8.5 B, LA R o File 5 bk
Ay, WS A AR A

2 GRS

2.1 MWEERRGEEENSE
LR R, Wi s] 7 REERH
P& SR N ME—BRIE, 7E7 10 mmol/L Ak # i iy Bk

http://journals.im.ac.cn/wswxtbcn

Ml SRR AR E, 53095 AM-HI1 .

AM-H3, AM-H4, AM-H5, AM-H11, AM-H14 fl
AM-H16 , B 30 P & R 2 5l 2 F0 F MTMSM. #l
TMSM K354k, 37°C 3% 48 h J5, WHEFRILHHAT
200-350 nm P A RSN , LS R RN
TR B (Aos) ) B A BH 0 AR, R IH TR AR A 1Y
AT Ay i e ) B e TR T R LR R R A . RIS
DI RE BRI ODgoo, MR 1 AT LA H il w2 i Yot 72
Ry AR R EL — 2 i, Ho AM-HS 7E8:
Frid R =R SRR R, PR ODgoo M 5E HIRAIG,
PUPEH MR AM-H4 7E MTMSM 1535 5e b K S T

HABTERE
1.0 MAM-TM
3 [_IMSM-T

.

0.8} — )

+
_06f ]
3

04+ 7

0.2 7 72 |7

0.0 ' ' ' : , , |

AM-H1 AM-H3 AM-H4 AM-H5 AM-H11AM-H14AM-H16
Strains

1 HUMEEBRTE TMSM #1 MTMSM A 9% K 1R
Figure 1 Growth comparison of the mesotrione-resistant
strains in MSM-MT and MSM-T
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2.2 B FK16S rRNA EEF5 9 K& RSt
LRt

22 PCR Y 3515 16S rRNA LK 751 K 24
1 400 bp, H GenBank % %54 KP174137-
KP174143, GHde R mPTERsknT sa 3 28, Hr
AM-H1 JE ARSI # & Acinetobacter sp., AM-H3
AM-H14 N TEFF & Achromobacter sp., AM-H4
AM-H5 . AM-HI1 1 AM-H16 1% B4 i & )&
Pseudomonas sp.. WEHFHIMERAETR AM-H4 18T
— SIS, B ER 16S tRNA JEH T4 5
CLR RN 16S rRNA E:HJFHI#EFT BLAST x4y
BT, BEER RN IR 45 i ) 2 MR AN R A R 8 Kk B (]
2), ZERFUIEM AM-H4 50 H0HE 09 T AR A
I (Pseudomonas stutzeri)Fi=UE R ATCC17588 i
KRG, £ 99.21%8H M
2.3 HHPD EEFFIHIRE

f£ GenBank "' FAFRIEAK HHPD #E17
ClustalW HeX}, BERELRSFIY 2 N3, &iH#IF51
PIitAT PCR ¥ #3845 T K BEZ)°h 500 bp HIAZLTRIT
Y|, ZA5 B0, IS5 Acinetobacter

baumannii A VR %) hppd ALK 99% . DL
Acinetobacter baumannii 1656-2 1) hppd F&[F 5115
T ETFWES, §HGER14K R 1056 bp FUF51,
it 351 & FE PR 5% 3L (GenBank % 55 h .
KP174144), % J¥ 515 Acinetobacter baumannii
1656-2 1) HHPD J7 41 —Ztkik 99% , H w2
FRIFHNSS 341 iR EAR S, HRAERI AL NN
LMK 3).
2.4 HPPD HiFREIX

FIRBRE E. coli BL21(DE3)-pETH4 FIBH %
WA E. coli BL21(DE3)-pET-29a(+), 4 1 mmol/L
IPTG 5% 12 h J5WAERIA, SDS-PAGE HLJKA
E LK 4, E. coli BL21(DE3)-pETH4 78/} T4
40 kD FfFiA I A RE R 250, SIUNE 1
R/N—B R Tk AM-H4 (1) HPPD
BRI T S R IR A
2.5 HPPD EREEXMAHEHRIFREEEE 4T
VRl

KAt & BL21(DE) 77 s IR s S R il
AT AL B 2 R AR O PR R FE TN A R (4-HPP), AEh

Pseudomonas alcaliphila AL1S -2 1 (AB030583)

Pseudomonas oleovorans subsp. lubricantis RS1" (DQ842018)
Pseudomonas chengduensis MBR" (EU307111)

Pseudomonas toyotomiensis HT-3" (AB453701)

Pseudomonas indoloxydans 1PL-1 T (DQ916277)

Pseudomonas kunmingensis HL22 27 (JQ246444)

Pseudomonas xanthomarina KMM 1447 " (AB176954)

Pseudomonas guariconensis PCAVU1 1" (HF674459)

68
71
90
57

95

|

|

100
— AM-H4 (KP174139)
100 |_ Pseudomonas stutzeri ATCC 17588 " (CP002881)
P

0.002

2 E¥k AM-H4 T 16S rRNA EEFIINRFLEH
Figure 2 Phylogenetic tree of strain AM-H4 and related species based on 16S rRNA gene sequences
H: S RFSEFSIE GenBank H TS5 35 L AYETF 3R Bootstrap {H; ZIEE 0.002 Fon P2 (E.
Note: Numbers in parentheses represent the sequences’ accession number in GenBank. Numbers at the nodes indicate the bootstrap values on
Neighbor-Joining analysis of 1 000 resampled data sets. Bar 0.002 represent sequence divergence.
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AM-H4 PTEEMEQRGSANNES TEKDG QKK LMoY S E NM I [eh=haadns - ifed:84D D Diehfel 327

Acinetobacter baumannii PTEEKQRGSTKDGQKKL IFEBMIMGPVFFERT

Oceanicaulis sp.
Xanthomonas axonopodis
Chromobacterium violaceum
Pseudomonas syringae
Nitrosococcus oceani
Burkholderia xenovorans

AM-H4

Acinetobacter baumannii
Oceanicaulis sp.
Xanthomonas axonopodis
Chromobacterium violaceum
Pseudomonas syringae
Nitrosococcus oceani RSB Qr:NBBF- N O D!
Burkholderia xenovorans (e B3 K-SR SR T, R

B3 HPPD C im S EELF 51 BY b3t 4347
Figure 3 Sequence alignment of the C terminal amino acid sequence cloned from the AM-H4 with
those of other HPPD proteins
Note: GenBank accession number: Acinetobacter baumannii (WP_000353163.1), Oceanicaulis sp. (EAP91524.1), Xanthomonas axonopodis

(NP_640807.1), Chromobacterium violaceum (NP_900639),
(YP_343456.1) and Burkholderia xenovorans (YP_560699).

kD  pET29a M
160.0

116.0
97.2

66.4
443

pETH4

29.0

20.1

4 HPPD EFZE4HZKiER SDS-PAGE

Figure 4 SDS-PAGE analysis of HPPD expressed in E. coli

BL21(DE3)

pmol/L 0 4 8 10

Pseudomonas  syringae (WP_010438666.1), Nitrosococcus oceani

HPPD [WEPNMHAI, AR HGA #E— 2 4 kAN
REFAE YT, FIHSEE SR e 55T B
YRR HPPD S PERIHIERR"), ¥ E. coli
BL21(DE3)-pET-29a(+)#il E. coli BL21(DE3)-pETH4
DL 10% A e 2 5 1 /L G R S AN ) e B i ik
RO LB Bt (200 pL), #5341 dJE, 525#%
L, E. coli BL21(DE3)-pETH4 R WELEIA: (0 1)
FEA(EL Sy, HAE ™ A AR SRR B A i
BeAil, E. coli BL21(DE3)-pETH4 (I 550

W3 440 nm AR IGRE (K] 6), 450%
WITE 40 pmol/L AR B H A 7E 5514 T, AR i
20V, 1% HPPD BENSITH3Z T 200 umol/L Ffirsfis

F LA IR B B AL T L ARGE R HPPD.

40 60 80 100 200

E 5 WA E. coli BL21(DE3)-pETH4 1 1L 44 B & = B934 3R
Figure 5 The inhibition effect by mesotrione on E. coli BL21(DE3)-pETH4
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6 E. coli BL21(DE3)-pETH4 181X 2 N FE I 7E Ay
BIIR U 1E

Figure 6 Absorbance at 440 nm of color pigments
produced by E. coli BL21(DE3)-pETH4

3 &

HPPD il FALEA% ] T KRR A 55 1 AR Y A
P — AR AR B0, HPPD 2 H AiTHUrEdk
RPN RS, R BT AHGE T AA
HPPD I 32 2i 7 3% Amaranthus
tuberculatus F1 Amaranthus palmeri, HPPD #1Jiii|5]
A BR BRI S T WF5EE AT & i 32 HPPD 4]
FURYEE LD TP 48RS, Al AT I ve e T
Hil BT HPPD £, (HIN A2 BV BEHAS &, 520R
HABRR . 0 Liang 257 2008 4F R # 1%
(Coptis japonica)$5FE4RMirh 7KL T HA HPPD
HIFBTIE R CJHPPD, DTP (MHMSBR H057) A 7 1
T 3K FIORUHAit #2 i)(— B2 BR B )X 840 CJHPPD
() ICso 435119 6.75 pmol/L 1 2.34 pmol/L ., Lee 252!
HIE M T 2 i 645 21 mHPPD , i HPPD
RERETH 52 20 pmol/L it R, ASFFE A R 1Y)
TIERE S R AR 7 BRSO R R AR, AR
10 mmol/L AR A4 2% 14T X5 T LRI FH s 24 itk
AR, WA R AM-H4 H g B4 HPPD
AT A2 5T 200 pmol/L AR ECER , Lo LATE AR IE Y
PR R R o B s R AR 22

¥ 4= %1 HPPD Xof 5 B 50 ) i 52 P 481G, mlol

T R P 4) S B {3 5 14 A8 T 1 v A
N Sailland 25545 g3 J@ HPPD J£51 Y Gly318
AR Asn Fll Ala, Z7E{K SyN318 F SyA318 1y
ICso 43 | LB A7 HPPD #2655 1 1 000 £5 411 500 £7,
XHIEA) HPP BS54 BIREAR T 8 580 5 5, Xf
DKN (5 e 2 ] (1) 7% 1B 20 i P il 2 4 &
Boudec ZFP IR TEEAB A MIE HPPD HEATREDLSE
A THEASE]REM 32 7 mmol/L Sk B R AP
HPPD 2875, S875 (A3 51l AT 2 W L5 A5 v 081
L F HPPD f£5F Y C-A . Lee ZEP4AI Lin 25
IRFFEERFEIA C it 3 9 7E4E+F HPPD HUA S A Ak
TS R EE B . AP AM-H4 oEi
15389 HPPD 515 Acinetobacter baumannii H)
HPPD H: K 741 [ Ik fe s, H.% HPPD 7E C iy 341
KRR KRR, TEHAARRRIER HPPD
FPA R ORSFAATERI(E 3), DIBEHEMIf 25 341
BRI HE 8 AM-H4 B kR GRS sk w24
R RN Z — o ARSI 5T % HPPD
FHE DX A R A R ML, 38 AT S AR T v
itk HPPD, AHUAH B B Y S A e &
PR LR TE I

2 % 3 Wk

[1] Heap I. The International survey of herbicide resistant
weeds[DB/OL]. http://wwwweedscienceorg/summary/MOAaspx?
MOAID=12, 2014

[2] Duke SO. Why have no new herbicide modes of action appeared
in recent years?[J]. Pest Management Science, 2012, 68(4):
505-512

[3] Beaudegnies R, Edmunds AJ, Fraser TE, et al. Herbicidal
4-hydroxyphenylpyruvate dioxygenase inhibitors-a review of
the triketone chemistry story from a Syngenta perspective[J].
Bioorganic Medicinal Chemistry, 2009, 17(12): 4134-4152

[4] Ahrens H, Lange G, Muller T, et al. 4-Hydroxyphenylpyruvate
dioxygenase inhibitors in combination with safeners: solutions
for modern and sustainable agriculture[J]. Angewandte Chemie-
international Edition, 2013, 52(36): 9388-9398

[5] Mitchell G, Bartlett DW, Fraser TEM, et al. Mesotrione: a new
selective herbicide for use in maize[J]. Pest Management
Science, 2001, 57(2): 120-128

[6] Liang YL, Yu JJ. Advances in a new target for
bleaching-herbicide B-hydroxyphenylpyruvate dioxygenase and
herbicide-resistant transgenic plants[J]. China Biotechnology,
2009, 29(12): 100-107 (in Chinese)
BEEFS, THE. BRI B R R bR B A P i R
XA S RGP e SR R M T e (0], vh A ) TR
&, 2009, 29(12): 100-107

[7] APHIS. Petition (09-328-01lp) for determination of

http://journals.im.ac.cn/wswxtbcn



1902

WA 38R Microbiol. China

2015, Vol.42, No.10

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

non-regulated status of event FG72 soybean bayer cropscience
LP and MS technologies LLC[J/OL]. http://www.aphis.usda.
gov/brs/aphisdocs/09_32801p_fpra.pdf, 2009

APHIS. Revised petition (12-215-01p) for determination of
non-regulated status for herbicide-tolerant event SYHTOH2
soybean syngenta seeds Inc and bayer cropscience AG[J/OL].
http://www.aphis.usda.gov/brs/aphisdocs/12_21501p Syngenta
Submitted ER.pdf, 2012

Matringe M,  Sailland A, Pelissier B, et al
p-Hydroxyphenylpyruvate  dioxygenase  inhibitor-resistant
plants[J]. Pest Management Science, 2005, 61(3): 269-276
Boudec P, Rodgers M, Dumas F, et al. Mutant
hydroxyphenylpyruvate dioxygenase polypeptides and methods
of use: US Patent Application, No 2010/0197503[P]. 2010

Xiao Y, Di P, Chen J, et al. Characterization and expression
profiling of 4-hydroxyphenylpyruvate dioxygenase gene
(Smhppd) from Salvia miltiorrhiza hairy root cultures[J].
Molecular Biology Reports, 2009, 36(7): 2019-2029

Lederer B, Boger P. Recombinant p-hydroxyphenylpyruvate
dioxygenase of high activity[J]. Zeitschrift Fur Naturforschung
Section C-A Journal of Biosciences, 2005, 60(7/8): 549-556
Frick E, Spatzal T, Gerhardt S, et al. Structural and functional
characterization of 4-hydroxyphenylpyruvate dioxygenase from
the thermoacidophilic archacon Picrophilus torridus[J].
Extremophiles, 2014, 18(4): 641-651

Zhang RF, Cao H, Cui ZL, et al. Extraction and purification of
soil microbial total DNA[J]. Acta Micrbiologica Sinica, 2004,
43(2): 276-282 (in Chinese)

SKEAR, HEE, AR, 4 HIERUEYLE DNA SR IURIZE
R[] AR, 2004, 43(2): 276-282

Ma R, Kaundun SS, Tranel PJ, et al. Distinct detoxification
mechanisms confer resistance to mesotrione and atrazine in a
population of waterhemp[J]. Plant Physiology, 2013, 163(1):
363-377

Hausman NE, Singh S, Tranel PJ, et al. Resistance to
HPPD-inhibiting herbicides in a population of waterhemp
(Amaranthus tuberculatus) from Illinois, United States[J]. Pest
Management Science, 2011, 67(3): 258-261

McMullan PM, Green JM. Identification of a tall waterhemp
(Amaranthus tuberculatus) biotype resistant to HPPD-inhibiting
herbicides, atrazine, and thifensulfuron in Iowa[J]. Weed
Technology, 2011, 25(3): 514-518
Siehl DL, Tao Y, Albert

H, et al. Broad

http://journals.im.ac.cn/wswxtbcn

[19]

[20]

[21]

[22]

[23]

[24]

[25]

4-hydroxyphenylpyruvate dioxygenase inhibitor herbicide
tolerance in soybean with an optimized enzyme and expression
cassette[J]. Plant Physiology, 2014, 166(3): 1162-1176
Dufourmantel N, Dubald M, Matringe M, et al. Generation and
characterization of soybean and marker-free tobacco plastid
transformants over-expressing a bacterial
4-hydroxyphenylpyruvate dioxygenase which provides strong
herbicide tolerance[J]. Plant Biotechnology Journal, 2007, 5(1):
118-133

Liang Y, Minami H, Sato F. Isolation of herbicide-resistant
4-hydroxyphenylpyruvate dioxygenase from cultured Coptis
japonica cells[J]. Bioscience Biotechnology and Biochemistry,
2008, 72(11): 3059-3062

Lee CM, Yeo YS, Lee JH, et al. Identification of a novel
4-hydroxyphenylpyruvate  dioxygenase from the soil
metagenome[J]. Biochemical and Biophysical Research
Communications, 2008, 370(2): 322-326

Sailland A, Rolland A, Matringe M, et al. DNA sequence of a
gene of hydroxyphenyl pyruvate dioxygenase and production of
plants containing a gene of hydroxyphenyl pyruvate
dioxygenase and which are tolerant to certain herbicides: United
State, 6268549[P]. 1996, 12.01. http://patft.uspto.gov/netacgi/
nph-Parser?Sect]=PTO1&Sect2=HITOFF &d=PALL&p=1&u=
%2Fnetahtml%2FPTO%2Fsrchnum. htm&r=1&{=G&1=50&s1=
6268549 .PN.&OS=PN/6268549&RS=PN/6268549

Boudec P, Rodgers M, Dumas F, et al. Mutant
hydroxyphenylpyruvate dioxygenase, DNA sequence and
isolation of plants which contain such gene and which are
tolerant to herbicides: United State, 6245968[P]. 2001, 06.12.
http://patft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HI
TOFF&d=PALL&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.
htm&r=1&f=G&I1=50&s1=6245968. PN.&OS=PN/6245968&RS
=PN/6245968

Lee MH, Zhang ZH, MacKinnon CH, et al. The C-terminal of
rat 4-hydroxyphenylpyruvate dioxygenase is indispensable for
enzyme activity[J]. FEBS Letters, 1996, 393(2/3): 269-272

Lin JF, Sheih YL, Chang TC, et al. The interactions in the
carboxyl terminus of human 4-hydroxyphenylpyruvate
dioxygenase are critical to mediate the conformation of the final
helix and the tail to shield the active site for catalysis[J]. PLoS
One, 2013, 8(8): €69733




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


