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Inhibition of Acetolactate Synthase Activity by Chlor sulfuron,
Trawlfuron and Their M etabolites in vitro

WANG Xiang-jing', XIANG W en-sheng , ZHENG Yong-quar, JIANG ling'
(1. Research Center of L ife Science and B iotechnology, N ortheast Agricultural U niversity, Harbin 150030, Ching;
2. Institute of Plant Protection, Chinese Acadeny of Agricultural Science, Beijing 100094, China)

Abstract: The metabolisn of wo sulfonylurea herbicides chlorsulfuron and triasulfuron w as investigated
by using w heat cytochrane P450 dDNA (CYP71C6vl) w hich expressed in yeast The results show ed
that chlorsulfuron and triasulfuron w ere hydroxylated at 5-position on the phenyl ring The difference in
ICs, of parent campound and 5-hydroxy metabolites to acetolactate synthase (ALS) was snall
How ever, their metabolites injured neither w heat nor bean, w hen gpplied as post-anergence treament
The ICs, of chlorsulfuron and its metabolites to wheat ALS were 7. 1 x10 ° and 7. 9 x 10 ° mol/L,
repectively, and to bean ALS were 3 6 x10°° and 4 1 x 10"° mol/L, repectively. The ICyx oOf
triasulfuron and itsm etabolites tow heatALSwere 4 6 x10 ° and 5 3 x10 ° mol/L, respectively, and
to bean ALSwere4 7x10 ° and 4 9 x10 ° mol/L, respectively. These results suggested that proper
groups at 5-position on phenyl ring of sulfonylurea molecule m ight possess high herbicidal activity.
Key words cytochrame P45Q; chlorsulfuron; triasulfuron; metabolite acetolactate synthase inhibition
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Introduction

M etabolisn of pesticides in plant usually results in
deactivation or activation The activation of pesticide
is significant for the discovery of new pesticides
Sam e organophosphorus insecticides require activation
via oxidative desulfuration in the plant to fom the
oxygen analogue, w hich are potent anticholinesterases
For example, insecticide
dimethoate, its oxygen analogue, and particularly its
N -dem ethylated derivative by bean cytochme P450,

organophorus  systemic

possess greater insecticidal and mammalian toxicity
than the parent compound[l]. B romoxynil octanoate is
a pro-herbicide which is hydrolyzed in the plant to
release the photosynthetic inhibitor brcmoxynilm.
The thiocarbanate pre-emergence herbicide EPTC
(eptan) is readily converted to its highly active
sulfoxide w hich has been shovn in same studies to
have greater phytotoxicity. How ever, the sulfoxide is
further metabolized in the plant, and a hypothesis that
this is the herbicidally active principle has fallen into
doubtd®.

containing oxidizable sulfur can be activated in this
14,51

A's mentioned previously, insecticides

way by the plant’ s metabolign . Parent compound
of herbicide naproanilide[e] and cl(mepropm are not
active, and acidic compounds formed by hydrolysis in
the plant are activated The activation of specific
herbicide occurs only in the controlled w eeds, such as
the sulfonylurea D PX -1 8747 and imazam ethabenz-
methyl The intact D PX+1 8747 is only weakly active
against the target site enzyme, acetolactate synthase
(AL S). N-dealkylation in susceptible A. fatua leads to
the fomation of potentAL S inhibitorr®’. By contrast,

resistant w heat and soybean fom hydroxylated or
glutamylcysteinylgly cine derivatives, regpectively, of
the intact pro-herbicide The midazolinone pro-
herbicide imazam ethabenz-methy! is hydrolyzed to the
active AL S inhibitor acid in susceptible w eeds, w here-
as hydroxylation of the intact ester occurs in resistant
maize andw heat”’. The oxadiazolidine ring of metha-
zole requires scission to photosynthetic inhibitor 1-
(3, 4-dichlorophenyl) urea in susceptible plants .

Selectivity appears to be related to the persistence of
this intem ediate, governed by the rates of its produc-
tion and subsequent detoxification by
N-danethylation The pyridazinone pro-herbicide,

metflurazon, requires N-demethylation to fom the

active inhibitor of phytoene desaturase, a target site
enzyme of carotenoid biosynthesis’ll].

The metabolites from bioactivation reaction could
be leading compounds for the discovery of novel
active canpounds In this paper, chlorsulfuron and
triasulfuron w ere metabolized by recombinant w heat
cytochrome P450 m onooxygenase expressed in yeast,
and thus 5-hydroxy-chlorsulfuron and 5-hydroxy-
triasulfuron were fomed Inhibition of ALS activity
by 5-hydroxy-chlorsulfuron and 5-hydroxy-triasulfu-
ron w as studied

1 M aterialsand M ethods

11 Chenicals

Chlorsulfuron, triasulfuron, 1-( 2-chlorophenylsul
fonyl) -3-(4-m ethyoxy-6-methylh-1, 3, 5-triazin-2-y|)
urea, of 98 3% purity, 1-( 2-chloroethoxyphenylsul-
fonyl ) -3-( 6-methoxy-4-methyl-1, 3, 5-triazin-2-yl )
urea, of 98 7% purity, were provided by the Institute
of Shenyang Chamical Engineering, China P450
m icrosam al protein obtained from w heat cytochrame
P4A50 dDNA (CYP71C6vl) which expressed in
yeastllz]. A'll other chanicals were obtained from
Pham acia Company.

'H NM R wasmeasured w ith aB ruker DRX - 400
pectrometer;, The FAB was taken on a Q-TOF mass
spectrom eter
1 2 Herbicidemetabolign in vitro
Herbicide metabolisn and P450 enzym e activity assay
in vitro was detected as described by Peter et all™,
The reaction mixture (254 L) contained 25 50U g
microsomal protein, 10 150 U mol/L herbicide in
Q 1mol/L MOPS [ 3-(N-mompholino) propanesul
fonic acid] (pH 7. 0), 2 mg/mL BSA, 400M mol/L
NADPH (reduced nicotinam ide-adenine dinucleotide
phosphate) , 20 mmol/L glucose-6-phosphate, @ 1 U
glucose-6-phosphate  dehydrogenase, finally, add
Q 1mol/L MOPS (pH 7. 0) to reach a total volume
of 25 L.

The reaction was started by NAD PH. Glucose
-6-phogphate and dehydrogenase were added to
regenerate NAD PH for prolonged incubation, although
for tme of less 30 min they are unnecessary w ith
microsomes BSA addition increased the activity of
microsomes The incubation was carried out at 27
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and tem inated by adding acetonitrile (75M L ). A fter
that the mixture was centrifuged at 14 000 g for
10 min to renove most of the precipitated proteins,
the supernatant w as transferred to another microfuge
tube containing 150 WL of water and was then
analyzed by reversephase HALC with an ODS-18
(4 6 x 250 mm) colunn, and a mobile phase of
acetonitrile +w ater + phosphoric acid (20 +80 +Q 2
by volume). All solvents were HALC grade and
filtered and degassed before use Substrates and prod-
uctsw ere quantified by a calibration curve using aUVv
( Shimadzu SPD-10AUV -V IS detector,
w avelength 225 nm ). The peaks were identified by

detector

canparing the retention time w ith analytical standards
of herbicides P450 activity was calculated as
pmol product: mg " microsomal protein- min .

1 3 M ass pectral and "H N\M R analysis

A fter separation by preparative TLC with benzene-
acetone-fomic acid (30 10 1 in volune), meta-
bolites of chlorsulfuron or triasulfuron zone were
eluted w ith m ethanol The structure of m etabolitesw as
analyzed by FAB/M S and ‘H NM R.

1 4 Acetolactate synthase extraction and activity
asay

ALS was extracted and enzyme activity were mea-
sured in the presence of herbicide or metabolite using

L5 with a little

the m ethods outlined by Hart et a
m odification A Il extraction, centrifugation and column
separation procedures were conducted on ice or at
4 . 10-day-seedlings of w heat or bean samplesw ere
a camposite of newvly fomed leaves excised fram the
apex of several plants Each 10 g of sanple was
hom ogenized in a hamogenization buffer [Q 1 mol/L
K;HPO,, pH 7. 5, 1 mmol/L sodium pyruvate,
Q0 5mmol/L M gChL,Q 5mmol/L thianine pyrophos-
phate, 10 mmol/L FAD (flavin adenine dinucleotide) ,
10 % (V /V) glycerol] equivalent to 2 5 times the
weight of the plant tissue The homogenate was
filtered through eight layers of cheesecloth and then
centrifuged at 30 000 % g for 20 min The supernatant
w as brought to 50% saturation w ith cold (NH,),S0,
and alloved to stand 1 h on ice Them ixturew as then
centrifuged at 15 000 x g for 15 min The supernatant
was discarded and the preci pitated pellet was
buffer (0 1mol/L

dissolved in  resugpension

K,HRO,, 20 mmol/L sodium pyruvate, O 23 mmol/L
M gClL, pH 7. 5). The solution was passed through a
Sephadex G-25 column equilibrated with the same
buffer The desalted enzyme preparation was imme-
diately used for enzym e assays

ALS enzyme assays were carried out
final volume of 1 5 mL, containing the enzyme

in a

preparation, reaction buffer (25 mmol/L K,HFO,,
Q 625 mmol/L M gCh, 25 mmol/L sodium pyruvate,
Q 625 mmol/L thianine pyrophosphate, 1 25U mol/L
FAD, pH 7 0), and technical grade herbicide or
metaboliteat 1 0 x10™° to 2 0 x 10 ° mol/L. Rea-
for 1 h before the
reaction was stopped by the addition of 50 4 L of

ction tubesw ere incubated at 35

6 mol/L H,S0,, and the solution tubesw as heated for
15min at60 . Then O 5mL of O 5 % weight by
volume of O -ngphthol, which freshly prepared in
2 5mol/L NaOH, was added consecutively to each
tube The solutions was heated for an additional
15min at 60 and the acetoin content measured by
the method of W esterfield ' .

There were three replicates for each herbicide
concentration D ata presented were the means of the
3 experments AL S enzyme activity w as presented as
a percent of control assays
15 Crop repons tometabolites
W heat and bean at one-leaf stage were dripped w ith
solution consisting of chlorsulfuron, triasulfuron or
their metabolites, 20% actetone and O 25% Tw een
for experiment The rates were 1M g per wheat and
24 g per wheat V isual reponse was taken on the
fourteenth day after treament

2 Realtsand discussion

2 1 Analysisof metabolites

A negative FAB mass sectrographic data of the
isolated chlorsulfuron metabolites were shown in
Table 1 A nalysis of chlorsulfuron m etabolites dem on-
strated the presence of a hydroxyl group on the phenyl
ring, fragnent ions at m/z 127, 191, 206 and 234
corresponding to C¢H;CI (OH), C4H;Cl (OH) SO,,
CsH;CI(OH) SO,NH and C¢H;CI (OH) SO,NHCO
ions, repectively. Furthem ore, the 'H NM R data and
the coupling constant of metabolites w ere consistent
w ith the previous chlorsulfuron metabolisn by w heat
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cytochrame P450 microsomes and in both w heat (7

and corn, w hich demonstrated that chlorsulfuron w as
hydroxylated at the 5-position on the phenyl ring
A negative FAB M S data and 'H NM R data of

Table 1

the isolated triasulfuron metabolites were showvn in
Table 1 These data provided that hydroxylation of
triasulfuron occurred at 5-position on the phenyl
ring

'HNMR andM S data of the metabolites

M etabolites MS m/z

'H NMR,d (CDCly)

5-Hydroxy-chlorsulfuron

5-Hydroxy-triasulfuron

372 (M -1), 232, 206, 190, 181, 139, 127

416 (M -1), 276, 234, 181, 170 139, 107

771 (d,1H,3=3 7Hz,ArH),

716 (d,1H,J=8 6 Hz, ArH),

6,81 (dd, 1H,J=3 7,8 6 Hz,ArH),
7.67 (d,1H,3J=3 5Hz,ArH),

6 98 (d 1H,J =8 4Hz,ArH),

6 60(dd, 1H,J=3 5,8 4 Hz,Ar-H)

Cl CH;

O N—
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N
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O _<
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O

HO Me
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OCH,CH.CI CH;
o 3
i N=—
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'
triasulfuron OMe
CYP71C6v1
OCH-.CH.C1 CH;

0 _<
i N—
SO-NHC NH—<\ /N
N
OMe

5- hydroxy -triasulfuron

Fig 1 M etabolian of chlorsulfuron and triasulfuron by CY P71c6vl

2 2 Inhibition of AL S activity by chlor sulfuron
and tr asulfuron metabolites in vitro
W heat and bean leaves at one-leaf stage w ere dripped
into solution consisting of chlorsulfuron, triasulfuron
or their metabolites, regpectively. W hen the ratesw ere
1U g perwheat and 24 g perw heat, therew as no any
injury of chlorsulfuron, triasulfuron and their m etabo-
lites to w heat observed, w hereas the injury of chlorsul-
furon, triasulfuron and their metabolites to bean w as
found

In vitro study showed that chlorsulfuron, triasul-
furon and their metabolites inhibited ALS activity.
M oreover, the difference in ICs, by parent compound
and metabolites to ALS activity was very dgnall
(Fig 2). The ICs, of chlorsulfuron and its metabolites
towheat ALSwere 7 1 x10° and 7. 9 x10"° mol/L,
repectively (Fig 2a), to bean ALSwere 3 6 x10™°

and4 1 x10°° mol/L, repectively (Fig 2c). The
ICs, of triasulfuron and its metabolites to wheat AL S
were4d 6 x10 ° and 5 3 x 10 ° mol/L, repectively
(Fig 2b), and to bean ALSwere4 7 x10 ° and 4 9
x10 ° mol/L, regpectively (Fig 2d). The metabo-
lites didn’ t injury plants but inhibited ALS Based on
the results, we deduced that 5-hydroxy-chlorsulfuron
5-hydroxy-triasulfuron might be rapidly
transfomed to glucose conjugate, w hich had a greatly
decreased ability to inhibitAL S,

5-Hydroxy chlorsulfuron and 5-hydroxy triasu
[furon in vitro could inhibit ALS activity, this result

and

was in contradiction with previous reports (Fig 3)
[18, 19]

Early reports indicated that sulfonylurea could
have herbicidal activity only under the case that 5-
position on phenyl ringw as unsubstituted. How ever,
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hydrogen bond region

static electricity region

hydrophobic region /

static electricity region . .
electron transfer region

Fig 3 Elanentary model of interaction bew een
sulfonylurea, sulfonam ide herbicide

18,19
molecule and AL S' !

recent reports'zo] deam onstrated a series of sulfonylurea
campounds w ith groups at 5-position on phenyl ring
had herbicidal activity (Fig 4). Furthemore, indosul-
furon has been commercialized W hen the rate was
10 g ai/ha, indosulfuron could control many broadleaf
weeds and certain grassy weeds in wheat L ately
Hacker and B ieringellzn applied for a patent about a
series of active sulfonylurea canpoundsw ith groups at
5-position on phenyl ring (Fig 5). These results
suggested proper groups at 5-position on phenyl ring
of sulfonyluream olecule m ight possess high herbicidal
activity.
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Fig 4 Structures of sulfonylurea herbicide
w ith groups at 5-position
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Fig 5 Herbicide structures of acylated

am inopheny Isulfony lureas
R! and R? are hydrogen or alkyl (C, C,), preferably methyl or ethyl,
in particular methyl R® is hydrogen or alkyl (C; C,), alkoxy (C;
C,), alkenoxy (C, C,), alkynoxy (C, C,), cycloalkyl (C; Cg).
One of the radicals X and Y is hydrogen or alkyl (C; C,), alkylthio
(Cy C,),akylthio (C; Cy).
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