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Senescence of rice leaves

XVII. Effects of various inhibitors
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Abstract.
rice leaves was studied by using various inhibitors.

The possible mechanism of the effect of light in retarding the senescence of detached

The effects of some inhibitors on the senescence

of detached rice leaves under dark condition were also investigated. Chlorpromazine, an inhibitor
of both cyclic and noncyclic photophosphorylation, significantly reduced the effect of light in retard-
ing senescence. Methylamine and ammonium chloride, inhibitors of cyclic photophosphorylation, also
reduced the effect of light. However, DCMU, which is known to inhibit noncyclic photophosphoryla-
tion, did not inhibit light effect. Vanadate, a specific inhibitor of plasma membrane ATPase, strongly
accelerated senescence of detached rice leaves under light and dark conditions. Senescence of detached
rice leaves under both light and dark conditions was, on the contrary, found to be retarded by the
exogenous supply of ATP, though the effect is rather small. Results suggest, though not conclu-
sively, that the effect of light on the senescence is possibly mediated by ATP formation via cyclic’
photophosphorylation and ATP utilization. It also seems that the senescence of detached rice leaves
under dark condition is possibly due to the failure of ATP synthesis and utilization.

Cordycepin (3'-deoxyadenosine), an analogue of adenosine, is known to inhibit the polyadenyla-
tion of mRNA, significantly promoted senescence in the light and retarded senéscence in darkness.
A corollary of this is that the synthesis of specific protein(s) responsible for the retardation or the
promotion of senescence process is possibly regulated at the level of polyadenylation of mRNA.
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Introduction

Light is known to retard leaf senescence
(Goldthwaite and Laetsch, 1967, Hsia and Kao,
1977; Hurng ef al., 1986; Thimann et al., 1977).
The retarding effect of light was suggested to be
mediated through photosynthetic production of
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sugars (Goldthwaite and Laetsch, 1967; Hopkison,

’1966; Lloyd, 1980), ATP production from photo-

synthetic phosphorylation (Thimann ef al., 1977)
or ATP utilization (Malik and Thimann, 1980).
On the other hand, evidence for a phytochrome
mediated control of leaf senescence was presented
hy several investigators (De Greef ef al., 1971;
Mishra and Pradhan, 1973; Sugiura, 1963).
Recently, we demonstrated that the senescence
of rice leaves was effectively retarded by light



and suggested that light effect was unlikely due
to the production of cytokinins (Hurng et al., 1986).
There is a dearth of data relating to the mechan-
ism of light effect in retarding the senescence of
detached rice leaves. We, accordingly, investigated
the possible mechanism of light effect by using
various inhibitors which concern photophosphoryl-
ation, ATPase activity and ATP formation. Some
inhibitors were also used to study their effects on
the senescence of rice leaf segments under dark

condition.

Materials and Methods

Plant Material and Incubation Condition

Rice (Oryza sativa L. cv. Taichung Native 1)
seedlings were cultured as previously described
(Kao, 1980). The apical 3cm of the third leaves
of 11-day-old seedlings were used for experiments.
A group of 10 segments was floated in a 50-ml
flask containing 10 ml distilled water or test solu-
tion. Incubation was carried out at 27°C under
light (16.7 Wm~2) provided by fluorescent tubes
or in darkness for desired period. Each experiment
was repeated at least three times. Identical results
were, in general, obtained. Results reported here

were from single experiment.

Determination of Chlovophyll, Amino Nitrogen,
Protein and Sugars '

Chlorophyll, amino nitrogen and protein were
extracted and determined as described before (Kao,
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1981). Chlorophyll, amino nitrogen, protein and
sugars contents were expressed as Ages, Az, Ageo
and mg glucose per ten segments, respectively.

Chemicals

Inhibitors used included chlorpromazine, DCMU
[3-(3, 4-dichlorophenyl)-1, 1-dimethylurea],
ylamine, ammonium chloride, sodium vanadate
(NasVO,) and CCCP (carbonyl cyanide m-chloro-
phenylhydrazone).

meth-

Adenine derivatives such as
adenine, adenosine, 2'-deoxvadenosine, cordycepin
(3'-deoxyadenosine) and ATP were also used in
the present investigation. All chemicals used are
the highest purity commercially available.

Results

Effects of Photophosphorylation Inhibitors

The senescence of detached rice leaves was
followed by the decrease of chlorophyll and protein
contents and the increase of amino nitrogen con-
tent. Table 1 shows the effect of chlorpromazine,
which is known to inhibit both cyclic and noncyclic
photophosphorylation (Avron and Shavit, 1965), on
the contents of chlorophyll, protein, amino nitrogen
and sugars. Results indicated that chlorpromazine
at the concentrations 0.05 mM or higher decreased
sugar content and also promoted the senescence
under light condition. Ammonjum chloride and
methylamine ‘have been repbrted to inhibit cyclic
pPhotophosphorylation (Arnon and Chain, 1975;
Hinds and Whittinghan, 1963). Table 2 shows

Table 1. Effects of chlorpromazine on chlovophyll, protein, amino nitrogen
and sugar contents of vice leaf segments after 4 days in light

U Cigoot g AT s
(mM) 665 700 (Agrs) g)
0 1.094:0.02 0.38 0.12£0.01 1.934:0.03
0.05 1.0340.03 0.280.01 0.174£0.01 1.734+0.03
0.10 0.90%0.03 0.29:40.01 0.174£0.02 1.344+0.08
0.50 0.70£0.02 0.324£0.02 0.19+0.01 1.300.06
1.00 0.554:0.01 0.314+0.01 0.184:0.01 1.204:0.05
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Table 2. Effects of methylamine and ammonium
chloride on chlorvophyll and sugar contents of
vice leaf segmenis after 4 days in light

Treatment Chlogophyll Sugars
885) (mg)
Water 1.14:0.02 1.48-£0.20
Methylamine
100 mM 0.76+£0.02 1.214-0.08
200 mM 0.6940.01 1.28+0.03
Ammonium chloride
50 mM 0.67£0.02 1.5140.07
100 mM 0.460.03 0.640.06

that both methylamine and ammonium chloride
decreased the accumulation of sugars and promoted
the senescence under light condition. Though the
concentrations of methylamine and ammonium
chloride used were rather higher, the effect of
these two chemicals was unlikely due to toxicity,
because no loss of turgidity and toxic symptoms
were observed throughout the experimental period.
TFurthermore, Malik and Thimann (1980) reported
that very small amount of methylamine could be
taken up by the leaf segments of oats. Although
DCMU, which is well known to inhibit photosyn-
thetic electron transport (Jagendorf and Avron,
1959), prevented the sugar accumulation, it did
not affect the senescence under light condition

(Table 3).

Effect of CCCP

CCCP inhibited the retardation effect of senes-
cence by light and promoted senescence under dark
condition (Fig. 1). It is believed that ATPase

present in the membranes of mitochondria and
chloroplasts synthesize ATP in response to proton
gradient (Briskin and Poole, 1983). CCCP is known
as proton jonophore (Harold, 1972), which permits
protons to be conducted through the membrane
and allows the difference in proton concentration
across the membrane to dissipate. A corollary of
this is that the formation of ATP is required for

light effect in retarding senescence and the retar-
dation of senescence under dark condition.

Effects of ATP and Adenine Derivalives

If the formation of ATP is indeed required for
the retardation of senescence, then the senescene
of detached leaves under light and dark conditions
is expected to be retarded by the exogenous supply
of ATP. When rice leaf segments were incubated
in ATP solution for 4 days under light and dark
conditions, ATP at optimum concentration slightly
retarded senescence of rice leaf segments (Tables
4 and 5).

Cytokinins have been reported to retard the
senescence of rice leaf segments under light and
dark conditions, though the retardation effect under
light condition is much less than that under dark
condition (Hurng ef al., 1986). Since both ATP
and purine cytokinins contain adenine moiety, it
would be interesting to know whether some adenine
derivatives also retard senescence of detached rice
leaves. Adenine and adenosine were effective,
though slightly, in retarding senescence under
both light and dark conditions (Tables 4 and 5).
However, senescence was found to be retarded in

Table 3. Effects of DCMU on chlorophyll, protein, amino nitrogen and
sugar contents of rice leaf segments after 4 days in light

Chlorophyll Protein Amino nitrogen Sugars

Treatment 665) (Aggo) (Asqo) (mg)
Water 0.8640.02 0.284+0.02 0.10£0.01 1.144-0.01
DCMU, 0.01 mM 0.862:0.02 0.3240.02 0.1140.01 0.58:0.10
DCMU, 0.1 mM 0.8740.01 0.3040.01 0.1240.01 0.04:40.02
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Fig. 1. Effects of CCCP on chlorophyll content
of rice leaf segments after 4 days of
incubation,

darkness and promoted in light by 2’-deoxyadeno-

sine and cordycepin (3’-deoxyadenosine). The
retardation effect of adenine and adenosine might
be due to their conversion either to ATP or cyto-

kinins in leaf tissue.

Effect of Vanadate

Figure 2 shows that vanadate at the concen-
trations ranging from 0.5 to 5.0 mM promoted the
senescence of detached rice leaves under both light
and dark conditions. Toxic effect was not observed
throughout the experimental period.

Discussion

Since sugars such as glucose have considerable
effect in retarding senescence of rice leaves under
dark condition (Kao, 1979). It is natural to suggest
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Table 4. Effects of adenine derivatives on
chlorophyll and protein contents of rice
leaf segments after 4 days in light

Relative content (24 of control)

Treatment
Chlorophyll Protein
Adenine, 1 uM 109 110
Adenosine, 1M 103 110
2'-Deoxyadenosine, 100 xM 91 95
3'-Deoxyadenosine, 50 pg/ml 67 97
ATP, 1 uM 104 106

Table 5. Effect of adenine derivatives on
chlovophyll and protein contents of rice
leaf segments after 4 days in davkness

Relative content (% of control)

Treatment
Chlorophyll Protein
Adenine, 100 M 109 116
Adenosine, 1 M 108 108
" 2'-Deoxyadenosine, 1 xM 112 114
3’-Deoxyadenosine, 10 pg/ml 153 109
ATP, 10 :M 105 104

that the retarding effect of light on the senescene
of rice leaves is mediated through the photosyn-
thetic production of sugars as concluded by other
investigators (Goldthwaite and Laetsch 1967; Lloyd,
1980). Light indeed caused the expected formation
of sugars jn detached rice leaves (Hurng et al.,
1986). The sugar formation in rice leaf segments
under light condition was prevented by DCMU
(Table 3), which is well known to inhibit photo-
synthetic electron transport, though not cyclic
photophosphorylation (Jagendorf and Avron, 1959).
However, light could still exert its effect in the
presence of DCMU (Table 3). Haber et al. (1986)
and Thimann et al. (1977) also noted that DCMU
did not affect the retarding effect of light on
senescence. It can be concluded from our data and
others that the main effect of light is not exerted
via the production of sugars. Since inhibitors of
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Fig. 2. Effects of vanadate on chlorophyll content
of rice leaf segments after 4 days of
incubation.

cyclic photophosphorylation such as chlorproma-
zine, methylamine and ammonium chloride all
promoted the senescence under light condition
(Tables 1 and 2). We therefore deduce that the
effect of light in retarding the senescence of
detached rice leaves might be mediated through
ATP formatjon via cyclic photophosphorylation.
Using detached oat leaves, Thimann et al. (1977)
also reached the same conclusion. This conclusion
was further supported by our data that CCCP
inhibited and the exogenous supply of ATP
increased the light effect (Fig. 1 and Table 4).

Vanadate is thought to be a specific inhibitor
of plasma membrane ATPase (Bowman ef al., 1978).
The senescence of detached rice leaves under light
condition was promoted by vanadate (Fig. 2).
Therefore, the possibility that the utilization of
ATP is required for light effect can not be
excluded.

11

~ Senescence under dark condition was promoted
By CCCP and vanadate and retarded by the
It seems that the
senescence of detached rice leaves wunder dark

exogenous supply of ATP.

condition is possibly resulted from the failure of
ATP formation and/or utilization.

Cordycepin, an analogue of adenosine, is known
to inhibit the polyadenylation of mRNA (Darnell
et al., 1969) as well as nucleic acid synthesis (Siev
et al., 1969). Previous work in this laboratory sug-
gested that some specific protein(s) synthesized
in the light retarded senescence and in darkness
promoted senescence (Chou and Kao, 1986; Hurng
et al., 1986). The fact that cordycepin promoted
senescence in the light and retarded senescence in
darkness (Tables 4 and 5) suggests that the syn-
thesis of specific protein(s) responsible for the
retardation or the promotion of senescence process
is possibly regulated at the level of polyadenyla-
tion of mRNA. Jupp (1980) also reported that
incorporation of radioactively labelled adenine into
poly-(A)RNA was detectable in leaf tissue during
senescence. Though 2/-deoxyadenosine acted simi-
larly as cordycepin on the senescence of rice leaves
(Tables 4 and 5), we do not know whether 2'-
deoxyadenosine also inhibits the polyadenylation
of mRNA.
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