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Characteristics of the induction of the ethylene by cadmium in

detached rice leaves
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Abstract. The effect of cadmium on the production of ethylene in detached rice leaves was investigat-
ed. Cadmium promoted the production of ethylene in detached rice leaves under both light and dark
‘conditions. Cadmium stimulated the production of ethylene shortly after its application. The
stimulatory effect of cadmium resulted from the enhancement of the conversion of 1-aminocyclo-
propane-1-carboxylic acid to ethylene. Cadmium also induced the accumulation of putrescine and sper-
mine in detached rice leaves. Both D-arginine and a«-methylornithine, inhibitors of the biosynthesis of
putrescine, reduced the level of putrescine and the production of ethylene induced by cadmium. Since

Cell Physiol. 32: 813-817, 1991), the accumulated polyamines may also be responsible, at least in part,
for the observed increase in production of ethylene in cadmium-treated rice leaves.
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Introduction

One response of plants exposed to certain pollut-
ants is an increase in the production of ethylene (Mayer
et al., 1987). Cadmium is a highly toxic pollutant which
has been the center of much research interest during
the last 20 years. It has been shown that cadmium in-
creased the production of ethylene in bean leaves and
soybean seedlings (Fuhrer, 1982; Hogsett et al, 1981,

terize the effect of cadmium on the production of ethyl-
ene.

It has also been shown that cadmium induced a
substantial increase in putrescine in plant cells (Wein-
stein et al, 1986). Recently, we demonstrated that
polyamines promoted the production of ethylene in
detached rice leaves, which resulted from the enhance-
ment of the synthesis of ACC and the conversion of
ACC to ethylene (Chen et al., 1991). Thus, it is of great
interest to see if cadmium induces the accumulation of
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ml of test solution in a Petri dish. All samples were
kept at 27°C in the dark. Cadmium chloride was used
throughout the experiment.

After various periods of incubation, the leaf sam-
ples were used to determine the production of ethylene
and the levels of polyamines. For the production of eth-
ylene, the leaf samples were transferred to 14-ml test
tubes. The tubes were sealed with serum caps. At the
indicated times, a 1-ml gas sample were withdrawn
from the test tube and injected into the gas chromato-
graph equipped with an alumina column and a flame
ionization detector. For polyamine determination, leaf
samples were homogenized in 5 ml of 5% perchloric
acid. Polyamine levels were determined using high per-
formance liquid chromatography after benzoylation as
described previously (Chen and Kao, 1991). Absolute
levels of ethylene and polyamines varied among experi-
ments because of seasonal effects. However, the pat-
terns of responses to cadmium were reproducible. All
data were expressed on fresh weight basis.

All experiments were repeated at least three
times. Similar results and identical trends were
obtained on each occasion. The data reported here are
all from a single experiment.

Results and Discussion

The effect of the concentration of cadmium on the
production of ethylene in detached rice leaves in dark-
ness is presented in Fig. 1. Cadmium slightly but signifi-
cantly promoted the production of ethylene in detached
rice leaves. Increasing concentrations of cadmium
from 0.01 to 0.5 mM progressively enhanced the pro-
duction of ethylene by detached rice leaves. The ability
of cadmium to stimulate the production of ethylene
was also observed under light condition (data not
shown).

Figure 2 shows the changes with time in the rates
of production of ethylene in detached rice leaves treat-
ed with 0.1 mM cadmium. Following incubation, the
rates of ethylene production in control leaf segments
increased and reached a maximum in 9 h. Promotion of
the production of ethylene by cadmium was detected
shortly (within 4 h) after application.

In order to determine if cadmium-induced ethylene
is formed via the methionine—S-adenosylmethionine—
ACC—ethylene pathway, the effects of 1 mM AOA and
1 mM CoCl,, which inhibit the formation of ACC and
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the conversion of ACC to ethylene, respectively, on cad-
mium-induced ethylene production were studied. After
preincubation on solutions containing AOA or CoCl,,
‘ethylene production during the following cadmium
treatment was inhibited (Table 1). This result indicates
that cadmium-induced ethylene production is via the
methionine — S-adenosylmethione — ACC — ethylene
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Fig. 1. Relationship between concentration of cadmium (Cd?*)
and the production of ethylene in segments of rice leaves.
Accumulation of ethylene was determined after a 24 h
incubation period in darkness. Bars indicate standard
errors.

Table 1.  Effects of aminooxyacetic acid (AOA) and CoCl,
on ethylene production induced by Cd** in
detached rice leaves

Measurements were carried out after a 24 h incubation on
0.1 mM Cd**. AOA (1 mM) or CoCl, (1 mM) was present
during a 2h preincubation and the incubation on Cd?**. Val-

ues are average with standard errors.

Treatment Ethylene (nl g=! 24 h™!)
No additions 1092
Cdz+ 269+2
Cd**+AOA 35+5
Cd?*+CoCl, 29+3
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Fig. 2. Change with time in rates of ethylene production (upper)
and ACC level (lower) in segments of rice leaves treated
with cadmium. Segments were treated with either water
(-Cd?*) or 0.1 mM cadmium (+Cd?*) in darkness. Produc-
tion of ethylene and levels of ACC were quantitated at
the times indicated.

patway.

The rate of ethylene production is generally
controlled by the level of ACC, the immediate precur-
sor of ethylene biosynthesis (Yang and Hoffman, 1984).
In fact, Fuhrer (1982) reported that cadmium-enhanced
production of ethylene in bean leaf discs was regulated
at the step of ACC synthesis. The effects of cadmium
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on the levels of ACC in detached rice leaves were
examined and the results are shown in Fig. 2. Cadmium
had no effect on the level of ACC in the first 8 h of incu-
bation in the dark. However, treatment with cadmium
resulted in a lower levels of ACC than those in the con-
trols at 24 h after incubtion. It should be noted that the
level of conjugated ACC was not affected by cadmium
during a 24 h incubation (data not shown).

Ethylene production can also be regulated at the
step of the conversion of ACC to ethylene, which is
catalyzed by the ethylene-forming enzyme (Yang and
Hoffman, 1984). It has become possible to measure the
activity of ethylene-forming enzyme iz vitro (Verver-
idis and John, 1991; Ferandez-Moculet, 1992). Since
cadmium reacts preferentially with SH groups of
enzyme proteins (Vallee and Ulmer, 1972), it would be
more meaningful to measure the activity of ethylene-
forming enzyme in vivo. To assay the activity of eth-
ylene-forming enzyme in vivo, leaf segments were
pretreated with a saturating concentration of ACC (10
mM). As indicated in Fig. 3, the activity of ethylene
-forming enzyme iz vivo was promoted by cadmium
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Fig. 3. Effect of cadmium on the conversion of ACC to ethylene.
Segments of rice leaves were pretreated with a saturat-
ing concentration of ACC (10 mM) for 2 h and then treat-
ed either with water (-Cd?*) or with 0.1 mM cadmium (+
Cdz*). Rates of production of ethylene were determined
at the times indicated. Bars indicate standard errors.
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during a 24 h incubation. Thus, cadmium promoted the
conversion of ACC to ethylene in rice leaves. If the con- Put
version of ACC to ethylene is the only step promoted by 9oo |- FU
cadmium, then a decrease of ACC level in cadmium i
-treated leaves is to be expected. On the basis of these 800 /
results, the absence of a decrease in ACC level in the i_i
presence of cadmium in the first 8 h of incubation can 700 |- /
be explained in terms of simultaneous promotion of {
both the synthesis and conversion of ACC in rice '/
leaves. For reasons not yet understood, the activity of 500 |- i/l
ACC synthase in homogenates of detached rice leaves
is undetectable. Thus, we were unable to present direct 400
evidence to show the effects of cadmium on ACC _r
synthase activity. L ] |

The effects of the concentration of cadmium of the
levels of polyamines in detached rice leaves in darkness 300 S P d
are presented in Fig. 4. Increasing concentrations of
cadmium from 0.01 to 0.5 mM increased the level of
putrescine. The level of spermine was increased in the
range of cadmium from 0.05 to 0.5 mM. However, no
significant increase in the level of spermidine was ob-
served in cadmium-treated detached rice leaves. Wein-
stein et al. (1986) also reported that cadmium treatment
resulted in a large increase in putrescine in intact and
detached oat leaves and detached bean leaves. How-
ever, they observed no effect of cadmium on the level
of spermidine or spermine.

In a recent report, we demonstrated that

polyamines promoted the Productlon of ethylene in c e
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Table 2. Effects of D-arginine or a-methylornithine with Cd on the levels of putrescine and spermine and the production of

ethylene in segments of rice leaves

Segments of rice leaves were incubated in D-arginine (5 mM) or e-methylornithin (5 mM) in the absence or presence of Cd**
(0.1 mM). Putrescine and spermine levels were determined after 24 h in the dark. Accumulation of ethylene was determined
after a 24 h incubation period in the dark. Values are average with standard errors.

Treatment Putrescine Spermine Ethylene
(nmol g~') (nmol g=?) (nlg=* 24 h™)
No additions 630+17 41+2 122+7
D-arginine 362+25 44+6 120+3
a-methylornithine 485+34 39+2 118+4
Cd?* 1009+74 76+6 299+13
Cd?**+D-arginine 485+34 7644 209+11
Cd?** + @-methylornithine 741+7 877 2477

leaves is via promotion of the conversion of ACC to
ethylene. Evidence is also provided to show that the
accumulation of polyamines may also regulate, at least
in part, the observed increase in production of ethylene
in cadmium-treated rice leaves.
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