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Ahsgractt. White light reduced the efficacy of dimethipin in inducing both
desiccation and abscission in kidney beans (Phaseolus vulgaris L Cv.
Black Valentine). Moreover, light reduced the previously reported inhibi-
tory effect of dimethipin on protein synthesis (Metzger and Keng 1984} ina
Way that paralleled the reduction in dimethipin-induced morphological
changes. Therefore the inhibition of protein synthesis by dimethipin was
the parameter measured in experiments designed to characterize the light-
Induced reduction of dimethipin efficacy. The light effect was directly pro-
Portional to both the fluence rate and the duration of the light treatment. A
Similar effect of light was observed in cultured kidney bean cells devoid of
chlorophyll, ruling out the participation of a photosynthetic related pro-
cess. Moreover, light had no effect on either the metabolism of 2,3]-#C-
dimethipin in kidney bean leaves or uptake of dimethipin into cuitured
k}qﬂey bean cells. No evidence was obtained for photochemical decompo-
Sition of dimethipin either. Thus, the light effect is possibly the result of
direct modification of the biochemical processes associated with the pri-
Mmary mechanism(s) of dimethipin action, or perhaps promotion of the rate
of repair of dimethipin-induced cellular damage.

Dimethipin (2,3-dihydro-5,6 dimethyl-1,4-dithiin 1,1,4,4-tetraoxide) is a plant
Srowth regulator that is used as a harvest aid on a variety of crops. The pri-
?lary‘ morphological effects of dimethipin treatment are loss of leaf turgor, des-
ccation, and leaf abscission (Metzger and Keng 1984). Work in this laboratory
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has focused on determining the mechanism(s) of dimethipin action. In the pre-
vious paper (Metzger and Keng 1987), we showed that the cellular basis for
loss of leaf turgor was destruction of the epidermal layer leading to uncon-
trolled water loss. Furthermore, we have shown that the first detectable bio-
chemical effect of dimethipin is an inhibition of protein synthesis and that this
inhibition is probably important in the mechanism of action of the compound
(Metzger and Keng 1984). In the course of these studies, we observed that light
reduced the dimethipin-induced desiccation and abscission. Such observations
could have important ramifications for efficacy of dimethipin under field con-
ditions. Therefore, in this paper, we present the results from experiments de-
signed to characterize the light effect in a way that provides some insights on
the mechanism(s) by which light reduces dimethipin activity.

Materials and Methods
Plant Material

Kidney bean (Phaseolus vulgaris L. cv. Black Valentine) seedlings were grown
in the greenhouse with natural lighting at 25°C in vermiculite that was contin-
uously subirrigated with one-fourth-strength Hoagland’s solution (Blankendaal
et al. 1972). After 2 weeks, the trifoliate leaves were removed, and each side of
both primary leaves was sprayed with a 10 ml solution containing dimethipin,
1.0% (v/v) acetone, and 0.01% (v/v) Tween 20. Control treatments consisted of
a similar solution without dimethipin. When leaves were dry, the plants were
then placed in a growth chamber at 25°C and ambient relative humidity. Unless
otherwise stated, light intensity at plant level was 150 nhEm~2 s—1, PAR.

Capacity for Protein Synthesis

The ability of leaf disks to incorporate '*C-leucine into protein was taken as 2
measure of leaf capacity for protein synthesis. In a typical experiment, 10 leaf
disks (1 cm in diameter) were taken from primary bean leaves that had been
previously sprayed with a test solution and floated abaxial side down on a 3 ml
solution containing 0.25 p.Ci of “C-leucine (54 mCi mmol~!, Amersham, Ar-
lington Heights, IL) and 50 mg 1-! chloramphenicol. After 4 h, the amount of
14C-leucine that was incorporated into protein was determined as described
before (Metzger and Keng 1984).

Development of Kidney Bean Cell Suspension Cultures

Kidney bean seeds were surface-sterilized with a commercial chlorine bleach
solution that had been diluted 10-fold with H,O, thoroughly washed with steril-
ized deionized H,0, and germinated on B5 agar medium (Gamborg and Wetter
1975). Hypocotyl sections were aseptically transferred to a BS agar medium
containing 1 mg 1-! 2,4-D. Callus cells that developed from the stem sections
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were transferred to liquid BS medium also containing 1 mg{~!2,4-D (50 mlina
250-ml Erlenmeyer flask). The flasks were placed on rotary shakers (100 rpm)
n the dark at 26°C. The cell suspension cultures were maintained by W?ekly
transfer to fresh BS medium with 1 mg =1 2,4-D. The effect of dimethipin on
protein synthesis in cell suspension cultures was assessed by measuring the
culture’s ability to incorporate “C-leucine into protein as described by Ferrari
and Widholm ( 1973). Ten milliliters of 1-week-old suspension cuitu{es_ were
added to 50 ml fresh BS medium. Various concentrations of dimethipin and
0.25 uCi “C-leucine were dissolved in 1 m! distilled H,0, filter-sterilized, and
then added to the freshly transferred cell suspension cultures. After 24 h, the
¢ells were harvested by filtration and then washed three times with 2 ml
C-H?*OH:CHCE:HzO (12:5:3 v/v/v) mixture containing 10~% M unlabeled leu-
sme. The amount of radioactivity in the resulting residue as determined by

liquid scintillation spectrometry was taken as a measure of incorporation of
-leucine into protein.

Metabolism of 1%C-Dimethipin

Two-week-

w old kidney bean plants were decapitated, and the primary leaves
ere §

prayed with a solution containing 0.1 mM unfabeled dlmethlpu}, 0.01%
(v/v) poly oxyethylene sorbatan monolaurate (Tween 20, Sigma Chemical Co.,
St Louis, MO), and 1% (v/v) acetone. Before the leaves had dried, 10 pl of an
aqueous solution containing 25,000 dpm of [2,3]-%C-dimethipin (9.24 mCi
mmol™!, a gift from Uniroyal Chemical Co., Bethany, CT) was applied in I-ul
droplets throughout the upper surface of each primary leaf. After prescribed
tlm‘?s’ the primary leaves were harvested separately and frozen in liquid N,.
Individyag leaves were then homogenized for 30 s in 60 ml cold 80% (viv)
Aqueous acetone with a Polytron homogenizer (Brinkman Instruments, West-

U8, NY) at one-half maximum speed for 30 s. )
¢ homogenate was filtered, and the remaining residue was }}omogemzed a
Si—‘cond time in 60 mi 80% aqueous acetone. The mixture was stirred for 2 h at
4Cand filtered, and the two filtrates were combined. Pigments were removed
Tom the filtrates by mixing § g activated charcoal (Darco G 60, Sargent-Welch
©-» Skokie, IL) and 5 g Celite 545 (Fisher Scientific Co., Fair Lawn, NJ) and
SHITIng for 30 min at 4°C. The mixture was filtered, and the filtrate was dried
under redyceq pressure at 35°C. The residue was redissolved in a small volume
> 10% (v/v) aqueous methanol and analyzed by reverse-phase HPLC. The
:LC system consisted of two Waters 6000 A pumps (Waters Associates,
Miliforq, MA) controlled by a Waters automated gradient controller and a
Waters radial compression system containing an 8 mm i.d. Radial-Pak .C‘s re
verse-phase cartridge. The column was eluted isocratically for 12 min with
© methanol in water (both solvents contained 1% acetic acid), whereupon

¢ Proportion of methanol was increased linearly to 100% in 1 min.

g column continued to be eluted with 100% methanol for 5 min and then
eturned to initial condition (10% methanol). The column was equilibrated for
at Ie‘as{ S min before an injection was made. The flow rate was 2 ml mx}n“.
ution of radioactive compounds from the column was monitored with a
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Berthold model LB 503 radioactive flow monitor equipped with a 400-ul glass
scintillator-filled flow cell. Radioactive peaks were collected and quantitated
by liquid scintillation spectrometry. In this chromatographic system, “C-di-
methipin eluted 9.5 min after injection.

Results

In investigations on the mechanism of action of dimethipin, we observed that
higher concentrations of dimethipin were required to induce leaf desiccation
and abscission when the plants were maintained in the light than in the dark
(Fig. 1). Since the first observable biochemical effect of dimethipin is an inhibi-
tion of protein synthesis (Metzger and Keng 1984), it was of interest to ex-
amine the effects of light on dimethipin-induced inhibition of protein synthesis.
Primary kidney bean leaves were sprayed with solutions containing 0 (control),
0.1, or 1.0 mM dimethipin and then returned to growth chambers with contin-
uous light or dark. After prescribed times, plants were removed from the
growth chambers, and the capacity of the leaves for protein synthesis was as-
sessed as described before.

Figure 2 shows a time course of the effects of two concentrations of dimeth-
ipin on the ability of leaves to incorporate “C-leucine into protein in both light
and dark. Initially, light had littie effect on dimethipin-induced reduction in a
leaf’s capacity for protein synthesis at either concentration of dimethipin.
However, by 24 h, leaves treated with 0.1 mM dimethipin and maintained in
the light had begun to recover; after 72 h, the capacity for protein synthesis
recovered to almost 80% of the control value. The other treatments rapidly
reached a similar low value that was maintained during the duration of the
experiment (Fig. 2). These results closely paralleled the effects of light on di-
methipin-induced desiccation and abscission. Neither morphological change
was observed in plants treated with 0.1 mM dimethipin and maintained in the
light (Fig. 1). However, leaves sprayed with 1.0 mM dimethipin and main-
tained in the light had similar visual symptoms and capacity for protein syn-
thesis as those placed in the dark following treatment with 0.1 mM dimethipin.
These results indicate that the light treatment reduced dimethipin activity at
0.1 mM by about 10-fold.

The effect of light was further characterized in order to gain some possible
insights on the mechanism(s) by which light reduces dimethipin activity. Pri-
mary bean leaves were sprayed with a solution containing either 0 (control) or
0.1 mM dimethipin and placed in a lighted growth chamber. After various pe-
riods of time, plants were placed back in the dark for a combined total of 24 h
for both light and dark periods. The leaves were then assessed for their ability
to incorporate C-leucine into protein. As shown in Fig. 3, the capacity of
light to reduce dimethipin-induced inhibition of protein synthesis was posi-
tively related to the duration of the light treatment. If the converse treatment
was performed, i.e., different durations of dark followed by light, an essen-
tially inverse curve was observed (Fig. 3). Apparently there is little or no after-
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Fig. 1. Light (150 .E m~2 s-1, PAR) prevented the appearance of de'siccal.io.n symptoms on pri-
f}lary kidney bean leaves 72 h after a foliar application of 0.1 mM dimethipin. The plants were
*Praved and placed in a growth chamber with continuous light (bottom) or darkness (top).

effe-Ct. of light; that is, following removal of light, the reduction in dimethipin
aclivity is readily reversed. ' o
1€ relationship between light intensity and its ability to reduce dimethipin
activity wag examined. In this experiment, primary leaves of g-week;old
ldney bean plants were sprayed with either 0 or 0.1 mM di‘meth.lpm sqlutlons
and placed back in a lighted growth chamber at 25°C. Light intensity was
Varied by placing various numbers of layers of cheese cloth over the plants.
Total darkness was achieved by covering the plants with a cardboard box.
fter 24 h, the leaves from three control and dimethipin-treated plants frpm
cach light treatment were assessed for the ability to incorporate '“C-leucine
o Protein. As was found for the duration of the light treatment, there was a

Po§ithe relationship between light intensity and a reduction in dimethipin ac-
thlty (Fig. 4).
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Fig. 2. Effect of light on dimethipin-induced inhibition of protein synthesis in kidney bean leaf
disks. Plants were treated with either 0 (control), 0.1, or 1.0 mM dimethipin and placed in either
the dark or the light. After various times, three plants from each treatment were removed, and
their ability to incorporate *C-leucine into protein was evaluated as described before. Each value
is expressed as percent of the control value (0 mM dimethipin) for that particular time point.

*C-LEUCINE INCORPORATION
(Percent of Control)
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Light may deactivate dimethipin through some process requiring photosyn-
thesis—e.g., increased metabolism, etc. If this is so, then light should have no
effect on dimethipin activity in cell suspension cultures devoid of chlorophyll.
On the contrary, light significantly reduced the capacity of dimethipin to inhibit
protein synthesis in kidney bean cell suspension cultures (Fig. 5). Thus, the
light-induced reduction in dimethipin activity is not a photosynthetically me-
diated process.

One possible mechanism by which light may reduce dimethipin activity is by
increasing the rate of its metabolism, thereby reducing cellular levels of the
bioactive compound. To test this possibility, the rate of *C-dimethipin metabo-
lism was compared in leaves from plants maintained in light or darkness. Table
1 shows that light had no apparent effect on the rate of dimethipin metabolism
in kidney bean leaves until after the appearance of visible symptoms (severe
desiccation) 48 h following applicaiton of C-dimethipin. In view of the condi-
tion of the leaves of plants maintained in the dark, it is not surprising that
dimethipin metabolism virtually ceased in those plants after 48 h.

Also of interest was the observation that no acetone-soluble metabolites
were detected despite the disappearance of half of the parent compound in 24
h. However, nearly all of the missing radioactivity was recovered in the 80%
acetone-insoluble residue (data not shown). These “C-labeled metabolites
were not soluble in any organic solvents tested including methanol, acetoni
trile, and ethylacetate (data not shown). Thus the nature of the metabolite(s)
remains unknown.

Light could also alter uptake of dimethipin in a way that reduces the cellular
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Fig. 3 DURATION OF TREATMENT (HR) ‘
ofg;;r(;t 5‘%”5 °ffliffer§nt durations of light or dark pretreatment on dimethipin-induced inhibition
remmeén synthesis. Primary bean leaves were sprayed with 0 (control) or 0.1 mM dimethipin and
removed tt‘0 a growth chamber with light or dark. For the light pretreatments, three plants were
protregt rom the !1gh!ed growth chamber and placed in a dark chamber. Conve‘rsely, lh; dark
time Whmems consisted of maintaining plants in the dark growth chamber for various pelilods of
the ca ereupon three plants were then placed in the lighted growth chamber. In both experiments,
ter t’;']a""y of the leaves to incorporate C-leucine into protein was assessed as desgnbed before
treatm € sum of the lengths of the light and dark treatments equaled 24 h following the spray
ent. Each value represents the percent control (0 mM dimethipin) value for each treatment.

c?;zfg.tr?ﬁ‘_m. This possibility was examined by comparing the uptake of 4C-
iliter P in cell suspension cultures maintained in light or darkness."l‘en mil-
taim‘ns Of, I-week-old suspension cultures was adt?ed to 50 ml BS medium con-
methig either 0.01 or 0.1 mM unlabeled dimethipin and 5.0 x 10 dpm “C-di-
tratpmt After 24 h in either light or darkness, the cells were harvested by
Showlon and washed, and the remaining radioactivity was measured. Table 2
ce $ that light had no significant effect on dimethipin uptake at either con-

Ntration,
sitio};e é‘f‘g‘uction of dimethipin activity by light was not due to photodecompo-
first, 6 Ier- To derponstrate this, two expe.nments were performed. In the
IOne’ Was mM splunon of dimethipin containing 0.01% Tween 20 and 1% ace-
e a;}ﬁ stored in continuous light (150 wuE m=2s~1, PAR) for 1 week at 25°C.
nee Iei:fty of tl}ls solution to induce typical morphological symptoms aqd re-
dark (q capacity for protein synthesis was the same as a solution stored in the
Meth; lata not shown). In the second experiment, a 0.1 mM solution of di-
tone gm With 100,000 dpm of “C-dimethipin, 0.01% Tween 20, and 1% ace-
PO as stored in continuous light for 1 week at 25°C. No loss of parent com-
Wwas observed when analyzed by reverse-phase HPLC (data not shown).
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Fig. 4. Relationship between
intensity and the capacity of
30— light to reduce dimethipin-
induced inhibition of protein
synthesis in primary bean
leaves. Leaves were sprayed
20+ with either 0 (control) or 0.1
mM dimethipin and then
subjected to one of four
10 different light regimes for 24
T h. The leaves were then
assessed for the ability to
incorporate “C-leucine into
protein as described before.
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Discussion

The mechanism(s) by which light modifies dimethipin action remain unclear. It
does not appear to be mediated through some photosynthetic process, sincé
light also reduced dimethipin-induced inhibition of protein synthesis in kidney
bean cell suspension cultures (Fig. 5). Moreover, the light effect cannot be
attributed to differences in the rates of dimethipin degradation in plants main-
tained in light or darkness following dimethipin treatment (Table 1). Nor did
light affect cellular uptake of “C-dimethipin in kidney bean cell suspension
cultures (Table 2). Finally, no evidence was obtained indicating that light effect
was due to photochemical decomposition. These results indicate that either
light may directly modify the biochemical processes associated with the pri-
mary mechanism(s) of dimethipin action or it may possibly enhance the rate of
repair of dimethipin-induced cellular damage.

At present, it is not known which of these two possibilities is correct. How-
ever, some interesting parallels exist between dimethipin and maiformin ac-
tion. Malformin is a cyclic peptide isolated from the culture filtrate of the
fungus Aspergillus niger van Tiegh (Takahashi and Curtis 1961) that induces
abscission in a number of species (Curtis 1968). Similar to dimethipin, the bio-
logical activity of malformin is reduced by light. Malformin reacts nonenzy-
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Table 1. Effect of tight on the metabolism of 1“C-dimethipin in primary kidney bean leaves.

Amount of “C-dimethipin

. . un of
:ﬂe after application remaining (%)
C-d\methipin Lt —
24n
5 47 46
h 34
72h 3; é !

Primary leqyes

while ot were first sprayed with a solution containing 0.1 mM unlabeled dimethipin and,
e still wet,

methi; treated with 10 i of an agueous solution containing 25,000 dpm of [2,3]—“(?-di-
. uPi. The plants were placed in growth chambers with light or darkness. After prescribed

thne kn ,
desciltbt:ﬁe leaves were harvested, and the amount of C-dimethipin remaining was determined as

g‘riféialtly W.ith compounds containing free thiol groups to form iqsoiqb!e
simi] aﬁ g (Iriuchijima and Curtis 1970). Dimethipin reacts with free thiols in a
pers ashion (J. P. McManus, Uniroyal Chemical Company, Naugatuck, CT;

onal Communication). In the case of malformin, this reaction is considered
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Table 2. Effect of light on the uptake of *C-dimethipin by cultured kidney bean cells.

14C-dimethipin content
(DPM/200 mg fresh wt.)

Dimethipin

concentration Dark Light

0.0l mM 114.7 = 13.2 125.6 = 7.4
0.1 mM 152.8 = 24.0 136.8 = 20.1

Ten milliliters of 1-week-old bean cell suspension culture was added to 50 ml fresh culture medi?
containing either 0.01 or 0.1 mM dimethipin (unlabeled) and 5.0 x 10* dpm of “C-dimethipin:
After 24 h, the cells were harvested, and the amount of uptake of 4C-dimethipin was determined:

essential in the mechanism of action of the compound (Suda and Curtis 1964).
It remains to be seen if dimethipin has an analogous mechanism of action.

Nevertheless, it is interesting to speculate that light inhibits the activity of
both malformin and dimethipin by reducing the access to free thiol groups. Fof
example, light may cause a conformation change in an essential protein(s) in 2
way that free thiol groups cannot react with the compounds, thus preventing of
minimizing damage. Such changes could be subtle enough that differences if
metabolism under light and dark conditions would be undetectable. Alterna
tively, light may increase the level of some essential peptide such as gluta
thione to a point where reaction with dimethipin never reduces the cellulaf
content of the free compound below some critical level. This possibility is con
sistent with the observation (Fig. 2) that light could not reverse the effects of
dimethipin at higher concentrations.
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