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Abstract: The m etabo lism of tw o su lfony lu rea he rb ic ides ch lo rsu lfu ron and triasu lfu ron w as investiga ted

by using w hea t cy tochrom e P450 cDNA ( C YP71C6v1 ) w hich exp ressed in yeast. The resu lts show ed

tha t ch lo rsu lfu ron and triasu lfu ron w ere hydroxy la ted a t 52p osition on the pheny l ring. The d iffe rence in

IC50 of pa ren t com pound and 52hydroxy m etabo lites to ace to lac ta te syn thase ( AL S ) w as sm all.

H ow ever, the ir m e tabo lites in ju red neither w heat nor bean, w hen app lied as post2em ergence trea tm en t.

The IC50 of ch lo rsu lfu ron and its m e tabo lites to w heat AL S w ere 7. 1 ×10
- 9

and 7. 9 ×10
- 9

m ol /L ,

resp ec tive ly, and to bean AL S w ere 3. 6 ×10 - 9
and 4. 1 ×10 - 9

m ol /L , respec tive ly. The IC50 of

triasu lfu ron and its m e tabo lites to w hea t AL S w ere 4. 6 ×10
- 9

and 5. 3 ×10
- 9

m o l/L , respec tive ly, and

to bean AL S w ere 4. 7 ×10
- 9

and 4. 9 ×10
- 9

m ol /L , respec tive ly. These resu lts suggested tha t p roper

groups a t 52position on pheny l ring of su lfony lu rea m olecu le m igh t possess h igh he rb ic ida l ac tiv ity.
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绿磺隆、醚苯磺隆及其体外代谢物对乙酰
乳酸合成酶的离体抑制作用
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摘 　要 :利用异源表达于酵母细胞中的小麦细胞色素 P450cDNA ( C YP71C6v1 ) 研究了磺酰脲类

除草剂绿磺隆、醚苯磺隆的代谢作用。结果表明 ,代谢产物 52羟基绿磺隆和 52羟基醚苯磺隆能够

抑制乙酰乳酸合成酶 (AL S酶 )活性 ,且代谢产物与母体化合物绿磺隆、醚苯磺隆抑制 AL S酶活性

的 IC50值差异小 ,但是代谢产物在茎叶喷雾小麦和菜豆时 ,均未表现出活性。绿磺隆及其代谢产物

抑制小麦 AL S酶活性的 IC50值分别为 7. 1 ×10 - 9和 7. 9 ×10 - 9
m ol /L ,抑制菜豆 AL S酶活性的

IC50分别为 3. 6 ×10 - 9和 4. 1 ×10 - 9
m ol /L;醚苯磺隆及其代谢产物抑制小麦 AL S酶活性的 IC50分

别为 4. 6 ×10
- 9和 5. 3 ×10

- 9
m o l/L ,抑制菜豆 AL S 酶活性的 IC50分别为 4. 7 ×10

- 9和 4. 9 ×

10
- 9

m o l/L。结果表明 ,在磺酰脲类分子苯环 5位上进行结构改造 ,有可能得到高活性的化合物。
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In troduction

M etabo lism of pestic ides in p lan t usua lly resu lts in

deac tiva tion or ac tiva tion. The ac tiva tion of pestic ide

is s ign if ican t fo r the d iscovery of new pestic ides.

Som e organop hosphorus insec tic ides requ ire ac tiva tion

via ox ida tive desu lfura tion in the p lant to fo rm the

oxygen analogue, w hich are potent anticholinesterases.

For examp le, o rganopho rus system ic insec tic ide

d im e thoate, its oxygen analogue, and pa rticu la rly its

N 2dem ethy la ted deriva tive by bean cy tochrm e P450,

p ossess grea ter insec tic ida l and m amm alian tox ic ity

than the paren t com p ound
[ 1 ]

. B rom oxyn il oc tanoate is

a p ro2herb ic ide w h ich is hyd ro lyzed in the p lan t to

re lease the p ho tosyn the tic inh ib ito r b rom oxynil
[ 2 ]

.

The th iocarbam ate p re2em ergence he rb ic ide EPTC

( ep tam ) is read ily converted to its h igh ly ac tive

su lfox ide w hich has been show n in som e stud ies to

have grea ter phy to tox ic ity. H ow ever, the su lfox ide is

fu rther m etabo lized in the p lan t, and a hypo thesis tha t

th is is the herb ic ida lly ac tive p rinc ip le has fa llen in to

doub ts
[ 3 ]

. A s m entioned p rev iously, insec tic ides

con ta in ing ox id izab le su lfu r can be ac tiva ted in th is

w ay by the p lan t’s m e tabo lism
[ 4, 5 ]

. Paren t com pound

of herb ic ide nap roan ilide
[ 6 ]

and clom ep rop
[ 7 ]

are no t

ac tive, and acid ic com p ounds fo rm ed by hydro lysis in

the p lan t are ac tiva ted. The ac tiva tion of spec if ic

herb ic ide occurs on ly in the con tro lled w eeds, such as

the su lfony lu rea D PX 2L 8747 and im azam ethabenz2
m ethy l. The in tac t D PX 2L 8747 is on ly w eak ly ac tive

aga inst the ta rge t s ite enzym e, ace to lac ta te syn thase

(AL S ) . N 2dealky la tion in suscep tib le A. fa tua leads to

the fo rm a tion of po ten t AL S inh ib ito r
[ 8 ]

. B y con trast,

resistan t w heat and soybean fo rm hydroxy la ted o r

g lu tam y lcyste iny lg ly c ine de riva tives, resp ec tive ly, of

the in tac t p ro2herb ic ide. The im idazo linone p ro2
herb ic ide im azam ethabenz2m ethy l is hydro lyzed to the

ac tive AL S inh ib ito r ac id in suscep tib le w eeds, w here2
as hyd roxy la tion of the in tac t este r occurs in resistan t

m aize and w heat
[ 9 ]

. The oxad iazo lid ine ring of m e tha2
zo le requ ires sc ission to pho tosyn the tic inh ib ito r 12
(3, 42d ich lo ropheny l) u rea in suscep tib le p lan ts

[ 10 ]
.

Se lec tiv ity appears to be re la ted to the persistence of

th is in te rm edia te, governed by the ra tes of its p roduc2
tion and subsequen t de tox if ica tion by

N 2dem ethy la tion. The pyridaz inone p ro2herb ic ide,

m etf lu razon, requ ires N 2dem ethy la tion to fo rm the

ac tive inh ib ito r of phy toene desa tu rase, a ta rge t s ite

enzym e of ca ro teno id b iosyn thesis
[ 11 ]

.

The m etabo lites from b ioac tiva tion reac tion cou ld

be lead ing com pounds fo r the d iscovery of nove l

ac tive com pounds. In th is pape r, ch lo rsu lfu ron and

triasu lfu ron w ere m etabo lized by recom binan t w hea t

cy tochrom e P450 m onooxygenase exp ressed in yeast,

and thus 52hyd roxy2ch lo rsu lfu ron and 52hyd roxy2
triasu lfu ron w ere fo rm ed. Inh ib ition of AL S activ ity

by 52hydroxy2ch lo rsu lfu ron and 52hydroxy2triasu lfu2
ron w as stud ied.

1　M a ter ia ls and M ethods

1. 1　Chem ica ls

Chlorsu lfu ron, triasu lfu ron, 12( 22ch lo rop heny lsu l

fony l) 232(42m ethyoxy262m ethy lh21, 3, 52triaz in222y l)

u rea, of 98. 3% purity, 12( 22ch lo roe thoxyp heny lsu l2
fony l ) 232( 62m ethoxy242m ethy l21, 3, 52triaz in222y l )

u rea, of 98. 7% purity, w ere p rov ided by the Institu te

of Shenyang C hem ica l Eng ineering, C hina. P450

m icrosom al p ro te in ob ta ined from w heat cy tochrom e

P450 cDNA ( CYP71C6v1 ) w hich exp ressed in

yeast
[ 12 ]

. A ll o ther chem ica ls w ere ob ta ined from

Pharm acia C om pany.
1
H NM R w as m easured w ith a B ruker D RX 2400

sp ec trom eter; The FAB w as taken on a Q 2TO F m ass

sp ec trom eter.

1. 2　Herb ic ide m etabolism in vitro

H erb ic ide m etabo lism and P450 enzym e activ ity assay

in vitro w as detec ted as desc ribed by Peter e t a l
[ 13 ]

.

The reac tion m ix tu re ( 25μL ) con ta ined 25～50μg

m icrosom al p ro te in, 10～150 μm o l /L herb ic ide in

0. 1 m ol /L M O PS [ 32( N 2m o rpho lino ) p ropanesu l

fon ic ac id ] ( pH 7. 0 ) , 2 m g /mL BSA , 400μm ol /L

NAD PH ( reduced n ico tinam ide2aden ine d inucleo tide

phospha te) , 20 mm o l/L g lucose262phospha te, 0. 1 U

g lucose262phosp hate dehyd rogenase, f ina lly, add

0. 1 m ol /L M O PS (pH 7. 0 ) to reach a to ta l vo lum e

of 25μL.

The reac tion w as sta rted by NAD PH. G lucose

262phosphate and dehydrogenase w ere added to

regene ra te NAD PH fo r p ro longed incubation, a lthough

fo r tim e of less 30 m in they a re unnecessa ry w ith

m icrosom es. B SA addition increased the ac tiv ity of

m icrosom es. The incubation w as ca rried ou t a t 27℃
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and term ina ted by add ing ace ton itrile ( 75μL ) . A fte r

tha t the m ix tu re w as cen trifuged at 14 000 g fo r

10 m in to rem ove m ost of the p rec ip ita ted p ro te ins,

the sup erna tan t w as transfe rred to ano ther m ic rofuge

tube con ta in ing 150 μL of w a ter and w as then

analyzed by reverse2phase HPLC w ith an OD S 218

(4. 6 ×250 mm ) co lum n, and a m obile phase of

ace ton itrile +w ate r + p hosphoric ac id ( 20 + 80 + 0. 2

by vo lum e ) . A ll so lven ts w ere H PL C grade and

filte red and degassed before use. Substra tes and p rod2
ucts w ere quan tif ied by a ca lib ra tion curve using a UV

detec to r ( Sh im adzu SPD 210AUV 2V IS detec to r,

w aveleng th 225 nm ). The p eaks w ere iden tif ied by

com paring the re ten tion tim e w ith analy tica l standards

of herb ic ides. P450 ac tiv ity w as ca lcu la ted as

pm ol p roduc t· m g
- 1

m icrosom al p ro te in·m in
- 1

.

1. 3　M a ss spectra l and 1 H NM R ana lysis

A fter separa tion by p rep ara tive TL C w ith benzene2
ace tone2fo rm ic ac id (30 ∶10 ∶1 in vo lum e) , m eta2
bo lites of ch lo rsu lfu ron or triasu lfu ron zone w ere

e lu ted w ith m ethano l. The struc tu re of m etabo lites w as

ana lyzed by FAB /M S and
1
H NM R.

1. 4　Acetolacta te syn tha se extraction and activ ity

a ssay

AL S w as ex trac ted and enzym e activ ity w ere m ea2
su red in the p resence of he rb ic ide or m etabo lite using

the m ethods ou tlined by H art e t a l.
[ 14, 15 ]

w ith a little

m odifica tion. A ll ex trac tion, cen trifugation and co lum n

separa tion p rocedures w ere conduc ted on ice or a t

4℃. 102day2seed lings of w heat o r bean sam p les w ere

a com p osite of new ly form ed leaves excised from the

apex of severa l p lan ts. Each 10 g of sam p le w as

hom ogen ized in a hom ogen iza tion buffer [ 0. 1 m ol /L

K2 H PO 4 , pH 7. 5, 1 mm o l /L sod ium pyruvate,

0. 5 mm ol /L M gC l2 , 0. 5 mm ol /L th iam ine pyrophos2
p hate, 10 mm ol /L FAD ( flavin adenine d inucleo tide) ,

10 % ( V /V ) g lycero l ] equ iva len t to 2. 5 tim es the

w eigh t of the p lan t tissue. The hom ogenate w as

f ilte red th rough eigh t layers of cheesec lo th and then

cen trifuged at 30 000 ×g for 20 m in. The superna tan t

w as brough t to 50% satura tion w ith co ld (N H4 ) 2 SO 4

and a llow ed to stand 1 h on ice. The m ix tu re w as then

cen trifuged at 15 000 ×g for 15 m in. The superna tan t

w as d iscarded and the p rec i p ita ted pelle t w as

d isso lved in resuspension buffer (0. 1 m ol /L

K2 H PO 4 , 20 mm ol /L sod ium py ruvate, 0. 23 mm ol /L

M gC l2 , pH 7. 5 ) . The so lu tion w as p assed th rough a

Sep hadex G 225 co lum n equ ilib ra ted w ith the sam e

buffe r. The desa lted enzym e p repa ra tion w as imm e2
d ia te ly used for enzym e assays.

AL S enzym e assays w ere carried ou t in a

f ina l vo lum e of 1. 5 mL , con ta in ing the enzym e

p repara tion, reac tion buffer ( 25 mm o l /L K2 H PO 4 ,

0. 625 mm ol /L M gC l2 , 25 mm ol /L sod ium pyruva te,

0. 625 mm ol /L thiam ine pyrophosphate, 1. 25μm ol /L

FAD , pH 7. 0 ) , and techn ica l g rade herb ic ide or

m etabo lite a t 1. 0 ×10
- 8

to 2. 0 ×10
- 8

m ol /L. R ea2
c tion tubes w ere incubated a t 35 ℃ fo r 1 h before the

reac tion w as stopped by the add ition of 50 μL of

6 m ol /L H2 SO 4 , and the so lu tion tubes w as heated fo r

15 m in at 60℃. Then 0. 5 mL of 0. 5 % w eigh t by

vo lum e of α2naph tho l, w h ich fresh ly p repa red in

2. 5 m ol /L N aO H, w as added consecu tive ly to each

tube. The so lu tions w as hea ted fo r an add itiona l

15 m in at 60 ℃ and the ace to in con ten t m easured by

the m ethod of W esterf ie ld
[ 16 ]

.

The re w ere th ree rep lica tes fo r each herb ic ide

concen tra tion. D ata p resen ted w ere the m eans of the

3 expe rim en ts. AL S enzym e ac tiv ity w as p resen ted as

a pe rcen t of con tro l assays.

1. 5　Crop respon se to m etabolites

W hea t and bean at one2leaf s tage w ere dripped w ith

so lu tion consisting of ch lo rsu lfu ron, triasu lfu ron or

the ir m etabo lites, 20% acte tone and 0. 25% Tw een

fo r experim en t. The ra tes w ere 1 μg p er w hea t and

2μg per w hea t. V isua l resp onse w as taken on the

fourteen th day af te r trea tm en t.

2　Results and d iscussion

2. 1　Ana lysis of m etabolites

A negative FAB m ass spec trograph ic da ta of the

iso la ted ch lo rsu lfu ron m etabo lites w ere show n in

Tab le 1. A nalysis of ch lo rsu lfu ron m etabo lites dem on2
s tra ted the p resence of a hydroxy l g roup on the pheny l

ring, f ragm ent ions a t m / z 127, 191, 206 and 234

correspond ing to C6 H3 C l (O H ) , C6 H3 C l (O H ) SO 2 ,

C6 H3 C l (O H ) SO 2 N H and C6 H3 C l (O H ) SO 2 N HCO

ions, respec tive ly. Furtherm ore, the
1
H NM R data and

the coup ling constan t of m etabo lites w ere consisten t

w ith the p rev ious ch lo rsu lfu ron m etabo lism by w hea t
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cy toch rom e P450 m icrosom es and in bo th w heat
[ 17 ]

and corn, w h ich dem onstra ted tha t ch lo rsu lfu ron w as

hydroxy la ted a t the 52position on the pheny l ring.

A negative FAB M S da ta and
1
H NM R data of

the iso la ted triasu lfu ron m etabo lites w ere show n in

Tab le 1. These data p rov ided tha t hydroxy la tion of

triasu lfu ron occu rred a t 52p osition on the p heny1

ring. 　　

Table 1　1
H NM R and M S da ta of the m etabo lites

M etabolites M S, m / z 1 H NM R,δ( CDC l3 ) 　　　　　

52Hydroxy2chlorsulfuron 372 (M 21) , 232, 206, 190, 181, 139, 127 7. 71 ( d, 1H, J = 3. 7 Hz, A r2H ) ,

7. 16 ( d, 1H, J = 8. 6 Hz, A r2H ) ,

6, 81 ( dd, 1H, J = 3. 7, 8. 6 Hz, A r2H ) ,

52Hydroxy2triasu lfuron 416 (M 21) , 276, 234, 181, 170 139, 107 7. 67 ( d, 1H, J = 3. 5 Hz, A r2H ) ,

6. 98 ( d, 1H, J = 8. 4 Hz, A r2H ) ,

6. 60 ( dd, 1H, J = 3. 5, 8. 4 Hz, A r2H )

　

Fig. 1　M etabo lism of ch lo rsu lfu ron and triasu lfu ron by C YP71c6v1

2. 2 　 Inh ib ition of AL S activ ity by chlorsulfuron

and tr ia sulfuron m etabolites in vitro

W hea t and bean leaves a t one2leaf s tage w ere d ripped

in to so lu tion consis ting of ch lo rsu lfu ron, triasu lfu ron

or the ir m etabo lites, respec tive ly. W hen the ra tes w ere

1μg per w hea t and 2μg p er w heat, the re w as no any

in ju ry of ch lo rsu lfu ron, triasu lfu ron and the ir m etabo2
lites to w hea t observed, w hereas the in ju ry of ch lo rsu l2
fu ron, triasu lfu ron and the ir m etabo lites to bean w as

found.

In vitro study show ed tha t ch lo rsu lfu ron, triasu l2
fu ron and the ir m e tabo lites inh ib ited AL S ac tiv ity.

M o reove r, the d iffe rence in IC50 by p aren t com pound

and m etabo lites to AL S activ ity w as very sm all

( F ig. 2) . The IC50 of ch lo rsu lfu ron and its m etabo lites

to w heat ALS w ere 7. 1 ×10
- 9

and 7. 9 ×10
- 9

m ol/L ,

respec tive ly ( F ig. 2a) , to bean AL S w ere 3. 6 ×10
- 9

and 4. 1 ×10
- 9

m ol /L , respec tive ly ( F ig. 2c ) . The

IC50 of triasu lfu ron and its m etabo lites to w hea t AL S

w ere 4. 6 ×10 - 9
and 5. 3 ×10 - 9

m ol /L , respec tive ly

( F ig. 2b) , and to bean AL S w ere 4. 7 ×10
- 9

and 4. 9

×10
- 9

m o l/L , respec tive ly ( F ig. 2d ) . The m etabo2
lites d idn’t in ju ry p lan ts bu t inh ib ited AL S. B ased on

the resu lts, w e deduced tha t 52hyd roxy2ch lo rsu lfu ron

and 52hydroxy2triasu lfu ron m igh t be rap id ly

transfo rm ed to g lucose con juga te, w hich had a grea tly

dec reased ab ility to inh ib it AL S
[ 17 ]

.

　　 52H ydroxy ch lo rsu lfu ron and 52hydroxy triasu

lfu ron in vitro cou ld inh ib it AL S activ ity, th is resu lt

w as in con trad ic tion w ith p rev ious repo rts ( F ig. 3 )
[ 18, 19 ]

.

Early repo rts ind ica ted tha t su lfony lu rea cou ld

have he rb ic ida l ac tiv ity on ly under the case tha t 52
position on p heny l ring w as unsubstitu ted . H ow ever ,
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Fig. 2　Inh ib ition of AL S ac tiv ity from w heat and bean by ch lo rsu lfu ron, triasu lfu ron and the ir m e tabo lite

　

Fig. 3　E lem en tary m ode l of in terac tion betw een

su lfony lu rea, su lfonam ide he rb ic ide

m olecu le and AL S
[ 18, 19 ]

recen t repo rts
[ 20 ]

dem onstra ted a series of su lfony lu rea

com pounds w ith g roups a t 52position on pheny l ring

had herb ic ida l ac tiv ity ( F ig. 4) . Furtherm ore, indosu l2
fu ron has been comm erc ia lized. W hen the ra te w as

10 g a i / ha, indosu lfu ron cou ld con tro l m any broad leaf

w eeds and ce rta in grassy w eeds in w heat. L ate ly

H acker and B ieringer
[ 21 ]

app lied fo r a paten t abou t a

series of ac tive su lfony lu rea com p ounds w ith groups a t

52position on pheny l ring ( F ig. 5 ) . These resu lts

suggested p roper groups a t 52position on pheny l ring

of su lfony lu rea m o lecu le m igh t p ossess h igh herb ic ida l

ac tiv ity.

　
Fig. 4　S truc tu res of su lfony lu rea herb ic ide

w ith groups a t 52position

　
Fig. 5　H erb ic ide struc tu res of acy la ted

am inopheny lsu lfony lu reas
R1 and R2 are hydrogen or alkyl (C1～C4 ) , p referably m ethyl or ethyl,

in particular m ethyl. R3 is hydrogen or alkyl ( C1 ～C4 ) , alkoxy ( C1 ～
C4 ) , alkenoxy ( C2 ～C4 ) , alkynoxy ( C2 ～C4 ) , cycloalkyl ( C3 ～C6 ) .
O ne of the radicals X and Y is hydrogen or alkyl ( C1 ～C4 ) , alkylthio
(C1～C4 ) , alkylthio (C1 ～C4 ) 1
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