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Abstract. Time- and concentration-course studies were conducted to de-
termine the effects of butachlor (N-[butoxymethyl]-2-chloro-2',6’-diethyi-
acetanilide) on photosynthesis, protein synthesis, RNA synthesis, and lipid
synthesis using isolated leaf cells of red kidney bean (Phaseolus vulgaris
L.). At the 2-h incubation period, butachlor inhibited photosynthesis, pro-
tein synthesis, RNA synthesis, and lipid synthesis 99, 99, 96, and 81%
respectively at 100 uM, and 0, 19, 17, and 40% respectively at 10 uM. At
100 uM and 15-, 30-, and 60-min incubations, RN A synthesis was inhibited
20, 76 and 90% respectively, and lipid synthesis 35, 48, and 62% respec-
tively; photosynthesis and protein synthesis were inhibited over 90% at all
of these time periods. The effects of S0 wM butachlor on protein and RNA
synthesis in rice (Oryza sativa L.) and barnyardgrass (Echinochloa crus-
galli 1..) root and shoot segments were also investigated. Protein synthesis
was inhibited in both species and to a greater degree in roots (81-90%)
than in shoots (55-65%). RNA synthesis was inhibited 33% in barn-
yardgrass roots but not significantly in barnyardgrass shoots or either organ
of rice.

Butachlor (N-[butoxymethyl]-2-chloro-2’,6'-diethylacetanilide) is a soil-applied
herbicide used to control annual grass and broadleaf weeds in rice (Chang
1971, Chung and Kwon 1981). This herbicide did not reduce the germination
of rice or barnyardgrass seeds (Liu 1981, Chen et al. 1981), but it did inhibit
the growth of rice seedling from germination stage to two-leaf stage (Liu 1981,
Noriel 1981) and to six-leaf stage (Chung and Kwon 1981). Butachlor caused
a greater growth reduction of rice seedlings when the herbicide was applied to
the shoot zone compared with the root zone (Nangju et al. 1976).
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Chen et al. (1981) reported that amylase and protease activity of barn-
yardgrass seeds were reduced by 6 ppm butachlor. The inhibition prevented
the degradation of reserved protein in seeds. Noriel (1981) showed that protein
synthesis from pregermination to shoot emergence in rice was inhibited by
butachlor at 10 and 50 ppm, but it did not inhibit protein synthesis at the first
and second leaf stages. Chung and Kwon (1981) reported that butachlor was
adsorbed more to lipid than to protein material.

The studies in this report were conducted to determine the effect of butachlor
on certain aspects of plant metabolism in the isolated cells. The effects of
butachlor on protein synthesis and RNA synthesis of rice and barnyardgrass
tissues were also determined.

Materials and Methods
Isolated Cells

Cells of the primary leaves of 7-day-old red kidney bean (Phaseolus vulgaris
L.) seedlings were isolated by the method described by Ashton et al. (1977).
Tissues were macerated in a medium containing 0.7 M sorbitol, potassium
dextran sulfate, and Macerase (Calbiochem). The isolated cells were washed
in washing medium containing 0.65 M sorbitol and inorganic salts and then
incubated in an incubation medium containing 0.625 M sorbitol, inorganic salts,
and MES buffer. All media were adjusted to pH 5.8. The cell preparation used
for these assays contained 0.02 mg of chlorophytl/ml. Two and one-half milli-
liters of the cell preparation was placed in each 25-ml Erlenmeyer flask. Each
flask contained 0.1 ml of the appropriate radioactive substrate and 0.05 ml of
the herbicide solution, making a final volume of 2.65 ml. The analytical grade
butachlor was first dissolved in 53% ethanol and then diluted to give a final
concentration of 1% ethanol in the incubation medium. One percent ethanol
has only a slight effect on these processes in this system (DeVilliers et al.
1977). The herbicide concentrations in the incubation media were 0, 0.01, 0.1,
1, 10, or 100 uM. The treated cells from each concentration were harvested
after 15, 30, 60 and 120 min.

The assay methods for the processes studied were essentially the same as
those used by Ashton et al. (1977) and Ashton and Glenn (1982). The stoppered
flasks were placed in a shaking water bath at 25°C and illuminated from above
with an intensity of 4,300 lux at the level of the flasks. Samples were removed
after the designed incubation period and treated as previously described
(Ashton et al. 1977) prior to liquid scintillation counting. Photosynthesis was
assayed by incubating the cells with 5 wCi of NaH"CO; containing 6 mM
NaH'2CO,. RNA synthesis was determined by measuring the incorporation of
5 wCi of 2-1*C uracil into RNA. Protein synthesis was determined by measuring
the incorporation of 1 pCi of L-[U-*C] leucine into protein. Lipid synthesis
was determined by the incorporation of 1 wCi of [1,2-1*C] sodium acetate into
lipids. Radioactivity was determined by adding 10 ml of scintillation fluid con-
sisting of 0.4% PPO and 0.01% POPOP in toluene to samples and counting
them in a liquid scintillation spectrometer.
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Chlorophyll content was determined by the method of Vernon (1960). One
milliliter of cell suspension was added to 4 ml of acetone, mixed, and centri-
fuged, and the optical density of the supernatant was measured. The rate of
each process was calculated as disintegrations/min/pg chlorophyll. All assays
were repeated two times with three replications. The results are presented as
the average values of the assays.

Excised Tissues

Rice and barnyardgrass seeds were sterilized in 5% (v/v) solution of sodium
hypochlorite, washed three times with deionized water, soaked in deionized
water for 24 h, and then placed on a screen suspended 0.2 cm above an aerated,
0.25-strength, Hoagland’s solution (Hoagland and Arnon 1950). The seeds were
germinated in a dark growth chamber at 27°C for 4 days. A single one-half-
centimeter shoot segment immediately above the seed and a single 1.0-cm root
tip segment were excised from the seedlings and kept at 4°C until a sufficient
amount had been obtained. The incubation medium used for this study con-
tained 0.01 M KH,PO, buffer (pH 6.0) containing 1% sucrose (w/v) and 40 uM
chloramphenicol (Moreland et al. 1969).

Eight segments of shoot or root were weighed and incubated in 2.5 ml of
incubation medium in a 25-ml flask. The herbicide concentrations in the in-
cubation medium were 0 or 50 wM. One microcurie of *C-leucine or 5 pCi of
2-'4C-uracil was added to each flask to determine protein or RNA synthesis in
plant segments, respectively. The flasks were stoppered and placed in a 25°C
shaking water bath for 5 h. After the incubation period, the plant segments
were washed three times with 5 ml incubation medium containing nonlabeled
L-leucine or uracil. Each sample was homogenized in 5 ml of 12% TCA so-
lution with a hand homogenizer. All procedures were carried out in ice, 4°C.
The homogenizer was washed three times with 5 ml TCA and combined with
homogenate. The homogenate was placed in ice for 15 min to complete pre-
cipitation. Following centrifugation at 1,000g for 10 min, the supernatant was
discarded and the pellet was resuspended in 2 m! of 50 mM L-leucine or 30
mM uracil. The precipitate collected on a Whatman glass fiber filter was
washed three times with 4 ml of 10% cold TCA, three times with 4 ml of 80%
ethanol, twice with 4 m! acetone, and twice with 4 ml diethylether. The washed
precipitate and filter were dried and counted in a toluene-based liquid scintil-
lant as peviously described. Protein synthesis and RNA synthesis were cal-
culated as DPM/mg fresh weight.

Results
Isolated Cell

The effects of butachlor on the four processes in red kidney bean cells are
presented in Table 1. The data are presented in two ways— DPM/pg chloro-
phyll, and percent inhibition relative to the control for each incubation period.



S.-S. Chang et al.

"UONR[AWNS B SAARIPUL INjEA — 1[OIIUOI Y] O) SATIRI2L UOIQIYUI U] = % ¢
1531 JULSLJIUBIS 1SBA| AU} UO PISE] [9AI] % 1B JUAISIP AIURIYIUTIS 10U 218 IDHIS] UOWIWOD ¥ AQ PAMOJ[Of UT] IO UWIMOD JWES I} YNM SaNneA

18 29 0zl ] 29 §11 14 2q g3 S¢ LSS 007001
114 16L€ 1€ Jie 4 P2 621 11 LE7 00°01
Sl (obs ol 6L L ap §¢! ] qe €8 001
L v (8¢ S y3 68¢ 6 ap: b6l S qe 08 01°0
0 1 0£9 v— ygig £- CR | 0 qu g 10°0
0 12€9 0 ug ot 0 3 691 0 qe v8 000 SISOYIUAS prdir]
9% Oy 06 ey 9. vy 0T LY 00°001
L1 3808 0l L ESVY S 3681 £l - 4L 00°01
S 8826 4 ap 6LE ¥ 2 19] Si— q9. 001
£ ys Lve i 2 76¢ s— 361 0 qe 99 01°0
4 U 656 < 3 98¢ ¢— 3611 £— qe 89 100
0 4y 9L6 0 2 b6 0 2 (91 0 qe 99 00°0 S1SaYIuAS VNI
66 e |z 66 el 86 LY | <6 e 0l 007001
6! 3v16'T €1 P 9SH'l 1 2 828 £ q9.1 00°0t
9 129v'€ L 3 1861 9 2 €6¢ 4 q 8Ll 001
ol Y peee € 2191 Pl 5 805 y— q 881 010
b 17bS'E € JER N £ 29/5 9 q €61 10°0
0 (689'¢ 0 1899'1 0 2 £68 0 q I8t 00°0 sISayuAs uratolg
66 v e 66 LR 96 LAY £6 L4 0000t
0 3pgT'y I PSige 0 24001 z q 6¢¥ 00°01
9-— Yy zes'y £— ENATA € 2 0£0'1 L- q9Lp 001
9-— Yy 97s'y 8- 11T L= 2 €L0'1 L— q I8y 010
9-— opg'y £- P OveE'T £— 2 7€0°'1 v— q ¥9¢ 10°0
1- 3 89¢'y 0 ap 8z€'T 0 2 666 40 »q 9P 00°0 sIsayuAsoloyy
(%) 1Yo (%) Y2 (%) 1ys (%) Cyo (W) $$3901g

F/Wda) Ul 78 (q))] 31/Wda) /A Q) "ou0d

IpIdIqIdY
un Ozt uur g9 ulw Qg uw |
AnAnoeoipey

"S[129 Jua] uraq paje|ost JO $3552204d J1jOGRISW PIIII|IS UO JO[YILING JO 193130 YL ‘[ 9L



Butachlor Influence on Metabolism 5

Both values are useful but may appear to be contradictory in some cases if
not examined with care. For example, the inhibition of RNA synthesis at 100
pM appears to increase with time (20% to 96% from 15 to 120 min) when the
rate is calculated as a percent of the control, whereas the DPM/pg chlorophyli
values show no increased inhibition of RN A synthesis with time. The increased
inhibition reflected by the percentage values reflects the increase in control
values and not an increase with inhibition of RNA synthesis per se. This
anomaly is usually apparent only at intermediate values when the degree of
inhibition of a given process remains relatively constant with time and the
control increases normally.

The control value, DPM/pg chlorophyll, of each process increased relatively
uniformly with time. At 10 uM butachlor and lower, based on DPM/pg chlo-
rophyll, each process also increased uniformly with time. However, this in-
crease was at a reduced rate relative to the controls in some cases. At 100 uM
butachlor, based on DPM/ug chlorophyll, all processes except lipid synthesis
were maximally inhibited at 15 min and did not increase with time. The increase
in lipid synthesis at this concentration was relatively small with time. Signifi-
cant responses were usually only apparent at 10 and 100 M butachlor.

Photosynthesis was not inhibited by butachlor concentrations from 0.01 to
10 wM within 15 to 120 min, but was essentially blocked at 100 uM in ail
incubation periods.

Protein synthesis was not reduced by butachlor concentrations from 0.01 to
10 pm during 15- and 30-min incubation periods but were affected in 60 and
120 min at certain concentrations. Protein synthesis was essentially blocked,
95-99%, at 100 pM in all incubation periods. This process was also somewhat
inhibited at 10 uM, 13% and 19% in 60 and 120 min, respectively; and slightly
inhibited, 7% in 60 min at 1 uM and 4-10% in 120 min at 0.01 to 1 nM.

RNA synthesis was inhibited 5, 17, and 96% at 1, 10, and 100 uM, respec-
tively, in 120 min. The degree of inhibition was slightly less in 60 min at 1 and
10 wM. The lower concentration of butachlor and shorter exposure times
showed no significant inhibition of RNA synthesis. At 100 wM butachlor, RNA
synthesis was not statistically different from the control at 15 min, and it did
not increase statistically with time based on DPM/ug chlorophyll. However,
based on percent of control, the degree of inhibition of RNA synthesis in-
creased from 20% to 96% from 15 to 120 min. The reason for this apparent
anomaly is discussed in the first paragraph of this section.

Lipid synthesis inhibition increased with increasing butachlor concentration
and time. At 0.1 and 1.0 uM, lipid synthesis was significantly inhibited in 120
min; in shorter times, this process was not significantly inhibited at lower
concentrations of butachlor. Lipid synthesis was significantly reduced 24, 31,
and 40% at 10 uM in 30, 60, and 120 min, respectively. The reduction at 100
pM was about two times greater than at 10 wM for the last three incubation
periods. 48, 62, and 81%, respectively.

Excised Tissues

The effects of butachlor on protein and RNA synthesis of rice and barn-
yardgrass seedling tissues are shown in Table 2. All data are presented as DPM/
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mg fresh weight. The percent inhibition is compared with the value of the
control for each process.

In controls, protein synthesis in rice shoots was four times greater than in
barnyardgrass shoots, whereas this process in rice root was 60% less than that
of barnyardgrass roots. Protein synthesis was marked!y reduced by butachior
in both species. In rice the degree of the reduction in shoot and root by 50 pM
butachlor were 55% and 81%, respectively; in barnyardgrass the corresponding
values were 65% and 90%, respectively. Butachlor inhibited protein synthesis
in root much more than in shoots of both species.

In controls RNA synthesis in rice shoot and root were three times greater
than in barnyardgrass shoot and root. In both species this process was 6-7
times greater in the roots than in the shoots. RNA synthesis was not signifi-
cantly inhibited in barnyardgrass shoots or either organ of rice. However, it
was reduced moderately in barnyardgrass root, 33%. RNA synthesis was less
sensitive to butachlor than protein synthesis in both species.

Discussion

In the isolated bean cell system butachlor essentially blocked photosynthesis
and protein synthesis within 15 min at 100 uM. RNA synthesis appeared to
require 30 min for a similar degree of blockage at this concentration. Lipid
synthesis was markedly inhibited but not blocked by this concentration at 30
to 120 min. However, in a classical sense, the data suggest that lipid synthesis
is the primary site of action of butachlor. It was inhibited at a concentration
lower than any other reaction (1 wM at 120 min), and the first reaction inhibited
at a given low concentration (10 wM at 30 min). This does not take into account
the possibility that the primary site of action of butachlor may be some met-
abolic event that has not been investigated. Lipid synthesis was inhibited more
at 10 wM in 120 min than protein or RNA synthesis; photosynthesis was not
inhibited at 10 uM at any time periods. Except for lipid synthesis at { uM in
120 min, none of the processes were affected at 1 uM or lower concentration
in any time period.

There appears to be only one previous report on the effect of butchlior on
plant metabolism-—namely, protein synthesis (Chung and Kwon 1981). How-
ever, there are several reports on this topic with other acetanilide-type herbi-
cides; these will be used to supplement the discussion. Presumably, their mech-
anism of action is similar to that of butachlor. Using an isolated bean leaf cell
system almost identical to that used in the research reported here, Ashton et
al. (1977) found that in 2 h CDAA (N-N-diallyl-2-chloroacetamide) inhibited
lipid synthesis, 56%; protein synthesis, 29%; RNA synthesis, 24%; and pho-
tosynthesis, 18% at 1 mM. At the very high concentration of 5 mM these
inhibitions were lipid synthesis, 80%; protein synthesis, 70%; RNA synthesis,
66%; and photosynthesis, 50%. In general, these findings are similar to those
we are reporting for butachlor, except that the degree of inhibition of each
process by CDAA is less than that by butachior, even though the CDAA
concentrations are 10—-50 times greater than butachlor. They considered lipid
synthesis to be the most sensitive site of CDAA inhibition, as we have for
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butachlor. Mann and Pu (1968) reported that CDAA inhibited lipid synthesis
about 88% in Sesbania exaltata hypocotyls at 120 pM.

Photosynthesis was not inhibited by butachlor at 10 wM but was essentially
blocked at 100 wM. Photosynthesis was the only process not inhibited to some
degree at 10 uM. Ashton et al. (1977) found that CDAA also inhibited this
process in bean leaf cells at relatively high concentrations, 1 and 5 mM. Chan-
dler et al. (1972) reported that alachlor (2-chloro-2’,6'-diethyl-N-[methyoxy-
methyl]acetanilide) did not inhibit the Hill reaction in isolated wheat chloro-
plasts at 50 uM.

RNA synthesis appeared to be inhibited slightly less than protein synthesis
by butachlor in the bean cells. The relative difference between these two pro-
cesses was much more evident in the data from the root and shoot tissue of
rice and barnyardgrass. The inhibition of these two processes by CDAA was
not very different in bean cells (Ashton et al. 1977). Duke et al. (1975), using
propachlor (2-chloro-N-isopropylacetanilide) and excised cucumber roots, also
found that RNA synthesis inhibition lagged behind protein synthesis and was
of lower magnitude: It appears that butachlor has a direct effect on protein
synthesis which occurs before the effect on RNA synthesis. Butachlor greatly
affected protein synthesis in rice seeds from preemergence to shoot emergence
(Noriel 1981) and prevented protease activity in barnyardgrass seed (Chen et
al. 1981). Further seedling growth of both species was severely inhibited by
this herbicide. Even though protein synthesis and RNA synthesis was inhibited
less than lipid synthesis at 10 uM butachlor, the reduction of those two pro-
cesses may also contribute to the herbicidal action of butachlor over a longer
period in the intact plant. '

Chung and Kwon (1981} stated that ‘‘the primary mechanism of action of
butachlor does not seem to be its effect on protein synthesis, but a great affinity
to membranes.’” This statement is primarily based on data showing that bu-
tachlor at 34 wM in root culture solution does not inhibit the induction and
degradation of nitrite reductase in rice leaves and that butachlor is preferen-
tially adsorbed onto liposomes of rice root lipids. The authors suggested that
such binding to root membranes could reduce their permeability to water, and
this could be very important for reduced growth under mild phytotoxicity. They
also present confirmating data such as water uptake and diffusive resistance
of leaves showing a possible altered water balance induced by butachlor. Al-
though butachlor appears to alter water relations, and this may contribute to
its phytotoxicity, the data of Chung and Kwon (1981) do not unequivocally
show that an inhibition of protein synthesis is not also involved. A 34-pM
concentration of butachlor applied to the roots via a culture solution may not
result in a sufficiently high level in the leaves to inhibit the synthesis of nitrite
reductase or other proteins considering the time frame of the experiment (0-
5 days) and the reported rapid degradation of the acetanilide-type herbicides
in higher plants (Jaworski 1975, Frank et al. 1977). Furthermore, Duke et al.
(1975) reported that protein biosynthesis was reduced by propachlor several
hours before the observed inhibition of root growth of cucumber, therefore
implicating it as the causal factor.

Protein synthesis was markedly inhibited in excised root and shoot segments
of rice and barnyardgrass at a 50 uM concentration. RNA synthesis was in-
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hibited less in barnyardgrass roots but not significantly inhibited in the shoots
of this species or either organ of rice at this concentration. Although these
processes were inhibited somewhat more in barnyardgrass (susceptible) than
in rice (tolerant), the small differences observed do not appear to be of suffi-
cient magnitude to account for their differential response to butachlor.

Acknowledgments: The authors gratefully express their appreciation to R. K. Glenn for his tech-
nical assistance, and to Monsanto Chemical Company for providing the butachlor used in this
research.
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