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Abstract: Sulfonylurea herbicides are a kind of high efficiency, low toxicity and good crop selective
herbicides, such herbicides can be used to control of broadleaf weeds effectively, some varieties even
can inhibit grass weeds efficiently. Because of this class herbicides’ residual toxicity to crop rotation
and also to surface water, thus people should pay more attention to their persistence and environmental
safety. This paper reviews the general application, the mode of action of sulfonylurea herbicides and the
variety of microorganisms capable of degrading sulfonylurea herbicides, the factors that affect the effi-
ciency of microbial degradation, finally prospect that the best ways to resolve herbicide residues are
microbial remediation technology and herbicide-resistant transgenic crops.
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Fig.1 The model structure of sulfonylurea herbicide
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Sulfonylurea herbicide

The microorganisms currently available capable of degradating sulfonylurea herbicides

TRAE IR & 275 Sk

Microbe species and references

SfEf%E Chlorsulfuron-ethyl

VIR A B 18 (Streptomyces griseolus). 8 (Aspergillus niger). 75 B J& (Penicillium sp.) .
H B (Fungi)®; % ¥ 5 )8 (Xanthomonas sp.)*Y; M i1 5 (Aspergillus niger)®

IR 5555 18 (Streptomyces griseolus) P%);

FEFE Prosulf ;
e R IKAE TS T (Streptomyces griseolus) . 5 5% )& (Penicillium sp.) !

FEEE  Triflusulfuron-methyl K BE T (Streptomyces griseolus) 27

MG Chlorimuron-ethyl 24 A B B I B (Comamonas sp.)
H 5B (Penicillium sp.) =Y, M55 (4spergillus niger)™,
15 B 14 (Pseudomonas sp.)!'>*

TR T & (Actinomycetes) . 4HiTE (Bacteria)

{2 241 1 )& (Pseudomonas sp.)P*;
Tk 18 P B (Saccharomyces cerevisiae)™!

i (Aspergillus niger) . KT )& (Bacillus sp.)t®
TR PR LTAR B B (Rhodopseudomonas palustris)®”
1% B8 MU B J& (Pseudomonas sp.) . Z-FKT )& (Bacillus sp.) !

Fi#RE Metsulfuron-methyl
BEfig [ Thifensulfuron-methyl
S MR Chlorimuron-ethyl

JH PSR % Nicosulfuron
PR Bensulfuron-methyl
Nk #Efig % Pyrazosulfuron-ethyl

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



FHIRNHAE: R IRIS PR B 5k B 0 Tl W) o A T 7 e

597

MR 1 R RATATUE B, XS Y A
ZE G, RITR] — b 2R 4l DL S 2 b ik 19t DR 2
BT, I L IR — i PHE AR 2K B3R 550 o ] A [ A
A= P IR e, 3o T TR A D 0 0 PR 58 K A ) 2 A
HOLSTI

3 ROV TRSE AR R B R A A 4 P AR B PR

REWFFERII (IR 1), Y7 A T IR 2
PRECH R B EEAE A, L RB S 52 i A 4 T
(I Z Y RE M AR R, W pH (E . R W
JER RGBT 7, AMES YA B R S5
URGGIER a5 ST
31 pHfE

pH B 5% W ol A 40 ok ik i T O 285 ok 50 1)
BN ZE . —Jr 1, pH {E AT DA E B A Y R vE b
A B S DT Bl A 4 1) R BB T R
SO, 55—y, AN pH (R AT LS i i e AR
B AT 2, T O TR S B3 2 590 7 e v DL e
TEBAFHE . TERRPER PR, e R 28 B 5 51
TP R RIAETE, ORI AR KRR R U, 1R
Sy K A, DR I Tt O 288 o 2 0 R R P 2 L AE
PE SR 25 1 7K i A R BRSO S s A
VEFF K=, XA SR 5 £ A k2
KR IEAR BAR I (AAEBE ST, AR B 77
FEAE, KRR, KRS A ) K i, DL 322
Bl A 4 %ot T P R 2J% ok 79 1 e fip e R AR Y, =
PN B FH ()3 B0 45 SR e B, 88 T JOR 2K ok R 39 7 - 338 vp
() o i TSR Bt 5 L B pHL A A9 B ARG i e o
Thirunarayanan 2 BFSE 2B, 24 pH Ny 6.2 0, 44
AR Al 88.5 d, 4 pH H KN 8.1 B, Hopge
WIKA 144 do Xu SFUBFFE R, IR Y IR
HEYIESRAEAR pH (A0 T L RS T R, BAR
B I TR A I R R A AE pHL 7.0 R BRTF pH 9.0

AN, pH SEMA 3 2240 G W F B K 9 43 TiE R 4L
KoREPE, I s, 24 pH 2 5.0 &), 1k
BT I TARES, SRR TR, SRR
M pH N 700}, KEMERER 10-1004%, FENEMET %,
Jr LAY pH 3K, Sk TR s 1, i
BN AR, B RPEUT,
VLR EE ) R A s 5h 55, H pH B2 w, B3
L& WIREAR DR, SR 5 5% BR 25770 S 23 Bl 2% ¥ 37 [n] T

PR 1, faF 5 ERUEEY .,
32 RE. BE

5 M i o R 245 ok 0 51) o - 48 v ke R R A 1) )
— BN E IR E AR E . Thirunarayanan 2511
EFE pH 7.7 B3R, 1B R 75%) H [a) F5K B 4%
P, IEH 10°C THE] 40°C B, SRERERYE
i 229 d % 62.5 d. Fuesler 254 2JF 5% T SR 1y
W& i B30 B (0 TH R T P A . Dinelli®Y 2858 T 4 Fil
Tl O PR o3 700 P o8 e P SR I C RS A5 L Tl
JE T, FEfEE R, RIS TR R
TEE . MR R R EOC R, R TR B AT A A
B IR . A NRIETE pH 6.4 () L3, B
M 25%3 E B 75%0 H RS T, kR RERE Y
FHI 73 d [ F] 20 d, WM 21°C EFFE] 35°C
B, BRI 0.5 58] 1 Y e R H W
WFSE 58 F A5 R R R 25 1L, RIVRS: P9k JOR 285 ok 50 7 1 958
HF ) I Ak i ) B g i e S SR i i
FEOWE MR A BARE R, BOR 2 A 37
HAM SR ZMEI 2. Fah, B MWWt
8 P G WG Sl BT R T P, X Ak A A R i )
PR
33 HitEER

B R 15 pH R R RN X P IR 2K B
TR A Y e 2 A Ah, HA R R
THERA | AV S R YA B
B FR L AECCHLISE L vt R ] R R A 2 i i
FACE WITE 1 B AR i A8 i 9 R 288 o 5 7
TR RS S . T RS TR A R A A
A K, — M BILTT B AUR R B i EE E,
W R s, AH RS sl g A AL BT B e FORG R
R4 58, JLH R+ 1, WA, XS B
st TR Jang SIS T ME R A AR, 1
RS A T IR IR ARA T, R I i P A
Rl ) 8 A B T B E D A8 4 B R R B R4, (H
FERDHE P A I B T FUA 3+ PR Tang 451
RS T B Tl o A 38 b R A 5 R B R R, 45
SR B B g it A S ] 7 3 v ) R I i T AN TR
X5 R B OCR, AR S
Ej A AV A A S B Tk A 7 - 39 e R o 22 5 1)
— AN, I R R A b 0 B R
BE# pH (AR TR MREAR . 5340, B R ) il e ik 2

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

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



598 wehGEHR

2010, Vol.37, No.4

I59% B 791 14 5% it AR T B Vicari 25 1OHR 18 SRS R AE 4
AR IRIHE RE B4 B 149, 70, 59 Fil 51d, Tk 4
AN X I B RR 4350 S 250 mm, 508 mm ., 700 mm FlI
1224 mm. G2, BEPEIRISBR AR AR LR . 1B . ot
HEL AR pH LA B3 R B AR A TR, SR IER . T
B BARS . w5 pH B RS L .

4 RBH

I 55 A 7 o8 2% B A B BRABCR ROR d veg, (L
Rt FH B3R B 500 AN fif 2 B = AR U 2k, i ELX T
FERURBAE Y™ He 7 E 0 2 3 5 HLIb 7 EE S e PR
AT 08 52 B0 8 O SRl 1) A 245 5% PR IR A B0 S i
BRER 2 H B — P e L AR BRI BIIRAR, %07
HBHRATHEE. TR TR RS . AR
JEAT 20 AR 1 —I5H] T b TS S i B AT
PR, EFERE MY RER, RREE b A
PLIG A EE AL CO, T HoO SEXS R/, Jo—
U5 /NIRRT 122 B 550 1) Tl 2 0 o f T
FEAALALAL T A 1y T o ) B 6 B 3 gk 7 40 1) 0 A
ST, KES ) LARE R R TS E, A A
JERTRA

R 2 BT R B R 1) ) o B B R0 A P4
o B A T Tl A OC 00 TR S AW O AR A AR E R K,
DR LMo AL B o 1) 2 5 DR A1 0 e DA 53 e 5 7 A 24
T — SRS FA, KA BT X 45 R 55
AP PESE I G IR R B, AnT s T BERY EPSP 43
BEEED aroA™™, BEARECTWRAY bar FEHM, i
BT RSRLHE EUK R AL R arzAPO5 . A I 3 R Bk
PEY E 2 Rl o B BE, 0 5% ] o 1L AR 28 w1 0T K 11
¥ arod FERRPURH BEEY), GIEAE . Tk,
FE55, T NI AE S BRAME I, MhAR T BUE A Y
DA, ke o S A v e S R AN, T R ]
XITTAERIRIT 46, S 1 e HTRR 5/ E 9 b ik
TR IR EA S T, AT TR T A
WEFE, O e A A CRBT R PIESE A . FR IR
TE FE A ZE AR DT 5E 5 7 AL L T SCRe 3k A%
T EAFE N AN EI A A EA AR
PR I e e PR 102030 B AR BB T MR i 5 1
R R A B A R AR HE T DA, (HOR R
BT WITRA, BUA [F] bR 550 % 5 DA ) i
BBl i, FENME RIRH 45 F 5, FEENTE

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

Wl HBaZ R B2 HBRAINEZE N R 7E ik
FHALE H# S, BHAE T it i a7
e R R I AR 5 AR D B T S LR, o
SR T 2 AP ) LAY 2235 M DR

2 % X Mk

[1] F o, A% B R 500 09 0 o it 1 7 vk . R 2, 2001,
40(12): 43-45.

(2] WkARH, BRZN. SREBEX R MY K. 7T
Al B, 1998, 14(3): 154-158

[3] yisdaks, WHIWE, RVE, % PUNEERMERI ATE ALS
FERRAMTT. FELOL RN, 2009, 42(10): 3516-3521.

[4] Tranel PJ, Wright TR. Resistance of weeds to
ALS-inhibiting herbicides: What have we learned? Weed
Science, 2002, 50(6): 700-712.

[5] X4k, @A, XH: . BRIk IR SRR 550 0 K I ATF 5T
PERE. 4¢24, 2007, 46(3):145-147.

[6] Duggleby RG, Mccourt JA, Guddatb LW. Structure and
mechanism of inhibition of plant acetohydroxyacid syn-
thase. Plant Physiology and Biochemistry, 2008, 46(3):
309-324.

[7] Zhou QY, Liu WP, Zhang YS. Action mechanisms of ace-
tolactate synthase-inhibiting herbicides. Pesticide Bio-
chemistry and Physiology, 2007, 89(2): 89-96.

[8] Lee YT, Duggleby RG. Mutations in the regulatory subunit
of yeast acetohydroxyacid synthase affect its activation by
MgATP. Biochem J, 2006, 395(Pt2): 331-336.

[9] Pang SS, Duggleby RG. Regulation of yeast acetohy-
droxyacid synthase by valine and ATP. Biochem J, 2001,
357(3): 749-757.

[10] Hill CM, Duggleby RG. Mutagenesis of Escherichia coli
acetohydroxyacid synthase isoenzyme II and characteriza-
tion of three herbicide-insensitive forms. Biochem J,
1998, 335(Pt3): 653-661.

[11] Zhk, 2KHE, KEH, 5. BIBEIRERR R O 5
BE R I AR Ak K2 22 R (A SRR 22 ), 2003, 34(4):
597-599.

[12] s, ik, PREEAE, 5. BEBEIRZERR R 0 A9
Wff. 425898 50, 2007, 11(3): 15-19.

[13] PR, A, BRIE, 45, i HH s R 1 B0 M o 1 40
HZBA RGN ivH JEP Y 50 B FI R K.
TR, 2008, 48(11): 1493-1498.

[14] Pang SS, Duggleby RG, Guddat LW. Crystal structure of
yeast acetohyroxyacid synthase: a target for herbicidal in-
hibitors. Journal of Molecular Biology, 2002, 317(2):
249-262.

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



FHIRNHAE: R IRIS PR B 5k B 0 Tl W) o A T 7 e

599

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

Pang SS, Guddat LW, Duggleby RG. Molecular basis of
sulfonylurea herbicide inhibition of acetohydroxyacid
synthase. The Journal of Biological Chemistry, 2003,
278(9): 7639-7644.

RSUE, PRI, BUWEN, F. KAE £ ML AR o N Ak
IR 0 SR R BESMAT. P AR L BHEE 4R, 2007, 9(3):
66-72.

Whahdh, A, ATIKDE, . PIAkPT SRR IR G R EES
B 5] 3 7 1 PR 1 43 8 T AHAS JE[R ilvIH 19 5e .
N5 PR AE P24, 2008, 14(5): 663-667.

Vo, AR, R, . ZBLRRA BN
& ilvBN ., ilvGN il ilvIH 43235 B X B 550 itk i Lo
B AW TSR, 2009, 25(7): 1007-1013.

Tu JM, Zhang JW, Pan G, et al. The rice bentazon and
sulfonylurea herbicide resistant gene CYP81A6. United
States, US2008/0313772A1, 2008.

Pan G, Zhang XY, Liu KD, ef al. Map-based cloning of a
novel rice cytochrome P450 gene CYP81A6 that confers
resistance to two different classes of herbicides. Plant
Molecular Biology, 2006, 61(6): 933-943.

Bekger BM, Wolfe NL. Hydrolysis and biodegradation of
sulfonylurea herbicides in aqueous buffers and anaerobic
water sediment systems: Assessing fate pathways using
molecular descriptors.
Chemistry, 1996, 15(9): 1500-1507.

Xu J, Li XS, Xu Y]J, et al. Biodegradation of pyrazosul-
furon-ethyl by three strains of bacteria isolated from con-
taminated soils. Chemosphere, 2009, 74(5): 682—-687.
Joshi MM, Brown HM, Romesser JA. Degradation of
chlorsulfuron by soil microorganisms.
1985, 33(6): 888—893.

BRSIAS, ThbR, B, . — bR SR B B A 1A 1 40 i 4
E MLRHERESE. 3274, 2003, 40(6): 952-956.
Boschin G, D’Agostina A, Arnoldi A, et al. Biodegrada-
tion of chlorsulfuron and metsulfuron-methyl by Asper-

Environmental Toxicology and

Weed Science,

gillus niger laboratory conditions. Journal of Environ-
mental Science and Health. Part B, Pesticides, Food
Contaminants and Agricultural Waters, 2003, 38(6):
737-746.

Kulowski K, Zirbes EL, Thede BM, et al. Microbial
transformations of prosulfuron. J Agric Food Chem, 1997,
45(4): 1479-1485.

Dietrich RF, Reiser RW, Stieglitz B. Identification of mi-
crobial and rat metabolites of triflusulfuron methyl, a new
sugar beet herbicide. J Agric Food Chem, 1995, 43(2):
531-536.

T, Wfk, Pk, . K 5R P Bk ) S N R R A
BT e . S5 PR A . MEPI A% AR, 2007(4): 88-91.
WARTE, JrFE, TR, 1 58 b S A R R 5 2 301 110

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

(38]

[39]

[40]

[41]

[42]

[43]

[44]

WEY W o8 S0 . RS KA A IR RO R
FR), 2002, 20(3): 186-189.

WZRTE, JrfE s, FMIEE. — b W OB RE R AR
(Penicillium sp.) B PR MRFRMERF ST, WiV KM (R
5 R R, 2002, 28(5): 542-546.

WART, HEE, R, o458 PR
E YRR T, LR, 2002, 39(5): 715-719.
WO, ffE, WA, . WRERERERIE FLDA (95355
Yoow R H MR ER Y. LA, 2006, 43(5):
821-827.

Brown HM, Joshi MM, Van AT, et al. Degradation of
thifensulfuron methyl in soil: Role of microbial car-
boxyesterase activity. J Agric Food Chem, 1997, 45(3):
955-961.

A, v A, ThEOF, A G T R I A A AR LW-3 1
IrE R AP RRERT Y. AP AR, 2008, 35(12):
1899-1904.

AL, PRl SRR ME S AR R F8 Y BRI
FE. TR, 2008, 39(5): 1160-1163.

WA, XU, A, . AT ARG AR
A3 S . AR 2E R, 2007, 9(3): 275-279.
SR, SRAEOK, B0, . — BRSO
R 9 43 1 2 08 S H e g, AR ASFRER, 2008, 17(5):
1774-1777.

Zheng W, Yates SR, Papiernik SK. Transformation kinet-
ics and mechanism of the sulfonylurea herbicides pyrazo-
sulfuron ethyl and halosulfuron methyl in aqueous solu-
tions. J Agric Food Chem, 2008, 56(16): 7367-7372.
Boschin G, Agostina AD, Antonioni C, et al. Hydrolytic
degradation of azimsulfuron, a sulfonylurea herbicide.
Chemosphere, 2007, 68(7): 1312—-1317.

P T PO 25 B3k R0 1) A ) e e S e Ak M Ui
224, 2004, 18(5): 44-45.

Thirunarayanan K, Zimdahl RL, Smika DE. Chlorsulfuron
adsorption and degradation in soil. Weed Science, 1985,
33(4): 558-563.

Fuesler TP, Hanafey MK. Effect of moisture on chlori-
muron degradation in soil. Weed Science, 1990, 38(3):
256-261.

Supradip S, Gita K. Hydrolysis kinetics of the sulfony-
lurea herbicide sulfosulfuron. International Journal of
Environmental and Analytical Chemistry, 2008, 88(12):
891-898.

Jang IS, Moon YH, Ryang HS. Behavior of the new her-
bicide bensulfuron methyl (DPX-F5384) in soil. Ko-
rean-Journal-of-Weed Science (Korea R.), 1987, 7(1):
74-717.

© PEMERMEMFRITEATIEESHEESER http://journals. im. ac. cn

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



600 wehGEHR 2010, Vol.37, No.4

[45] Tang ZW, Zhang W, Chen YM. Adsorption and desorption murium confers tolerance to glyphosate. Nature,
characteristics of monosulfuron in Chinese soils. Journal 1985(317): 741-744.
of Hazardous Materials, 2009, 166(2/3): 1351-1356. [49] Thompson CJ, Movva NR, Tizard R, et al. Characteriza-
[46] Vicari A, Catizone P, Zimdahl RL. Persistence and mobil- tion of the herbicide-resistance gene bar from Streptomy-
ity of chlorsulfuron and metsulfuron under different soil ces hygroscopicus. EMBO J, 1987, 6(9): 2519-2523.
and climatic conditions. Weed Research, 1994, 34(3): [50] Wang L, Samac DA, Shapir N, et al. Biodegradation of
147-155. atrazine in transgenic plants expressing a modified bacte-
[47] Comai L, Sen LC, Stalker DM. An altered arod gene rial atrazine chlorohydrolase (atzA) gene. Plant Biotech-
product confers resistance to the herbicide glyphosate. nology Journal, 2005, 3(5): 475-486.
Science, 1983, 221(4608): 370-371. [51] Zang N, Zhai H, Gao S. Efficient production of transgenic
[48] Comai L, Facciotti D, Hiatt WR, et al. Expression in plants using the bar gene for herbicide resistance in sweet-
plants of a mutant arod gene from Salmonella typhi- potato. Scientia Horticulturae, 2009, 122(4): 649—-653.

HRY Y R Y Y AR Y HRY Y R Y Y HRY Y HRY Y R oY) Y HRY Y AR HY R oY) Ry HRY Y R oY) Y oY Y AR Y Y oY Y ARY Ry AR oY) Y oY Y HRY oY Y oY Y oY Ry HRY Y RY Y RY) Y

TIE AN

1 FIHENTE=ZEEE

(Rl ) J2& b BB Bt A PRI 5 BT 0 b [ SR W2 2 I, DASSCAE 2 0 FH SRR T 5% R B AR A 3
SRR EMSGEMEEARBIT. TIBRANEER: TOLMAEY . BHEMEY S FREMEY = EEY - Rk
. BAEY . BERMEYE . AYMAEY S BEMAEYY . WS BEUE . KBRS
BB R, T B AR R R, DR F AR MR g wE A IRIRE . TS5,
AV E(REAR S ) MBS (RS EBE R ) . ZIMATROEZ I . 207 SRR R R . B
B BELR . LRk, B, SR,
2 #RAKX

PR HE B BT T £ T http://journals.im.ac.cn/wswxtben, i /EE R X, 28—k B RIECEM, SKEH 2 M
RS, RGP R RS RRAE, TR T By . ARRRZIAL

YEH WA ZFFE M348 . doe A& XA TR, B SCFE iy RS . BS 56— 30k B g . ARG (R AN R 1)
SRR, AT,

3 B{EEX
SRR BRI M I, BE T &, RIRAEI, HEazEl .
3.1 iR

P A4 4R 5 SR, 508 . BRI IR SCERATAE 4 TLLLN, PHElied 4-7 TU(UL EadEEER),
3.2 K%
SCH I EIRAUE MR, SCFERGR N R S EIREL . A /DNEIRTEER/NT 8 em(h2AE), KIEIMTE RN/ T
17 em(E %),
3.3 ZHSCHR MM
S SCHRF ST 5 0 58 5 U7 HE 7 i, R A TR RMTERIE 251 . 3RS 25 SO 2000 B35 35 CUk e
ARt 3 ANBF s, 2T 3 ARSI 3 A, JEN< s er al.”, FEFMRT . 45, %7 ZRIHESRIT). k4 .
T2 FEH AL, EAMARIZ TS, HAF0RE, SINES S, SHE. S 0IEE AR R .
275 ik ks X2 451
W (1] XU, TR, SE I SARS EREHEE nspld FENAYTERERNSRIE. fUEYAFE ], 2007, 34(2): 1-3.
[2] Kajiura H, Mori K, Tobimatsu T, et al. Characterization and mechanism of action of a reactivating factor for
adenosylcobalamin-dependent glycerol dehydratase. J Bio/ Chem, 2001, 276(39): 36514—36519.
B4 [3] BArFE, ®IGE. A, duat: Jeat ks i, 2000: 4.
[4] #E8, WREL HEY, & OGENEYS RN S R eE . deat: dhER O,
1996: 115—-120.

A (ESCE T F):
4T H: HLIWH®No. )
*HIAEE: Tel: ; Fax: ; E-mail:

YR H3: 2010-00-00 ;237 H 41: 2010-00-00
(T%% p.606)

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



