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Summary
Carrot cells resistant to 10nM bensulfuron methyl (BSM) were selected by
subculturing and transferring to progressively higher concentrations (1 -10 nM)
of BSM for about 10 passages. This resistance was kept stable for more than 1
year in the absence of BSM.

Absorption and metabolism of BSM were similar in resistant and susceptible
normal cells. However, acetolactate synthase (ALS), the target enzyme of
sulfonylurea herbicides, activity from resistant cells was less inhibited than
that from susceptible ones. BSM inhibited ALS nearly noncompetitively with
pyruvate in both cell types. Therefore, a mechanism of BSM resistance was
assumed to depend on a insensitive ALS in resistant cells.

Introduction
Bensulfuron methyl (methyl 2-( 4, 6- dimethoxypyrimidi- 2- ylcarbamoylsulfamoyl) -o-
toluate, BSM) is a highly active sulfonylurea herbicide for control of most
annual and perenial broad leaf weeds and sedges in rice fields (10). The
primary site of action of BSM is the inhibition of acetolactate synthase (ALS)
as other sulfonylurea herbicides (2, 3, 6). Selectivity between susceptible and
tolerant plants does not depend on the differences in their ALS activities, but
in metabolic inactivation of BSM (2, 9).

Recently, some weed biotypes resistant to sulfonylurea herbicides were
found in the crop fields (7) and resistant cells were selected (3, 8,-10). The
resistance is due to mutant ALS less- sensitive to the herbicides (3, 7, 10).

In this report, BSM- resistant mechanism was investigated based on
absorption, metabolism and ALS inhibiting activity of BSM in suspension cultured
carrot cells.

Materials and Methods
Cell culture and resistance test. Carrot cells were suspension cultured in LS-
medium containing lmg /1 2,4 -D by subculturing at 7 -day intervals (8, 10). Ten nM
BSM- resistant cells were selected by exposing to progressively higher
concentrations of BSM for about 10 passages and were several hundred times more
tolerant than the untreated (normal) cells. The resistant cells were maintained
in BSM -free medium for several months and their resistance were tested.

Absorption and metabolism study. Phenyl ring C -BSM was added to 911
suspension of linear growth phase, 4 days after inoculation, at 1 pM. C-
activities absorbed in the cells were determined after conNustion. For
metabolism study, the cells were homogenized and extracted C -BSM and its
metabolites with 80% acetone. After acetone was evaporated, the aqueous
soluti,+op was partitioned with dichloromethane (CH2C12) at pH 7 and then pH 3 (6,
9). C- compounds in each CH C12 fraction were analyzed by TLC (6, 9) and
radioactive spots were determine2d autoradiographically.

ALS assay and inhibition by BSM. ALS was extracted from the cells with
50mM phosphate buffer (pH 7.0) containing 0.1mM MgSO4, 0.5mM DTT, and 0.05mM
FAD, and supernatant after centrifugation was used as crude enzyme. ALS
activity was assayed after Anderson and Hibberd (1) with some modifications.
Reaction mixture consisted of 50mM phosphate buffer (pH 8.0), 40mM Na- pyruvate,
5mM MgC12, 0.1mM TPP and the enzyme solution was incubated at 30 "C and for 30
min as a standard assay. Acetolactate formed was measured after decarboxylation
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to acetoin with H SO4 according to Westerfeld. Undecrboxylated blanks were made

without H2SO4 audition. Effects of pH, pyruvate concentration and BSM on ALS

activity were investigated.

Results and Discussionscussion
BSM resistnat cells. Ten nM -BSM resistant cells kept resistance even after more

than 1 year in BSM -free medium (Fig. 1). This might indicate that the selected

cells were almost stable variants.
Absorption and metabolism study of BSM. The time course absorption rates

of ,
14C-BSM by both normal and resistant cells were similar each other (data not

shown). By N was absorbed rapidly and reached maximum, ca. 20% of the initial
amount. C actvities extracted from the cells were mainly in pH 7 CH C1
fraction containing parent BSM and sulfonamide product (Table 1). O- demethyt

BSM and homosaccarin were contind in the pH 3 CH C1 fraction. The percentage
of the parent BSM in the resistant cells were slightly less and nonphytotoxic
metabolites were slightly more than the normal cells.

ALS assay and inhibition by BSM. ALS activity, assayed by measuring
acetoin formed by decarboxylation of acetolactate, in susceptible (normal) cells
was inhibited by low concentraton of BSM. However, nearly a half of the total
ALS activity was not inhibited even by 1 pM or higher BSM at low pH.
Uncarboxylated value was almost coincided with those inhibited by high
concentration of BSM in both normal and
resistant cells. This might indicate
direct acetoin production in ALS assay, -, 100

and net ALS activity could be obtained. o
Optimum pHs were broad, around 8.5

for ALS and 7.0 for direct acetoin pro-
p 80

ducing activity (Fig. 2). ALS was satu-
rated at 40mM pyruvate (data not shown). ó 60
Apparent Km values for ALS were about 5 d°

and 6 mM in normal and resistant cells,
respectively. ALS from the resistant

ro

40

cells inhibited less than normal cells $4

(Fig. 3). The BSM concentrations inhib- Y0

iting ALS activity by 50% were 10 and
600 nM for normal and resistant cells,

o

respectively. Lineweaver -Burk plots 0

showed that BSM inhibited ALS nearly 0 10-9 10-8 101 10 6

noncompetitively with pyruvate (4) in
the both cell types (data not shown).

These results suggest that ALS of Fig. 1. Effect of BSM on the growth
resistant cells became less- sensitive of normal (o) and resistant (A) cells
to BSM. Mutation of 1 or 2 amino acids 7 days after BSM addition.

BSM concentration (M)

Table 1. Distribution of 14C- radioactivity derived from 14C -BSM into each
fraction in normal and resistant cells.

Cells Time
Parent
BSM pH7- CH2C12

Metabolite
pH3 -CH C12 Water Residue

30 min 87 % 3 % 9 2 % <1 %

Normal 120 86 4 8 2 <1

300 80 4 11 4 <1

30. 72 6 15 6 <1

Resistant 120 79 6 10 5 <1

300 74 6 14 5 <1

Values are expressed as % of total activities.
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in ALS has shown to bring reduction of binding affinity with sulfonylureas and
result in resistance (5, 7).

It is concluded that BSM- resistance depended mainly on the development of
ALS insensitive to BSM and not on the absorption or metabolism of BSM in the
resistant cells of carrot.
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Fig. 2. Optimum pH of ALS and acetoin Fig. 3. Inhibition of ALS by BSM from
producing activity in normal cells. normal (o) and resistant (e) cells.
Total, o Total in the presence of 1

pM BSM, A Direct acetoin production,
v, Net ALS.
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