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Abstract

Several chemically unrelated compounds were used to study the regulation of
proline accumulation during senescence of detached rice leaves. Cytokinins, naturally
occuring and synthetic, which are known to retard senescence in the dark, prevented
‘the accumulation of proline. Other agents such as cycloheximide and 'cé, a’-dipyridyl
which have been shown to retard senescence also inhibited the accumulation of
proline, Under light condition, very smaller amount of proline was accumulated as
compared with the dark control. Abscisic acid (ABA) enhanced the accumulation
of proline in the light, which may be due to a concomitant effect of the promotion
of senescence by ABA. Though benzyladenine (BA) had no effect on proline
accumulation under light condition, BA inhibited ABA-induced accumulation of
proline, All these results seem to support the suggestion that proeline accumulation
may be a manifestation of changes in metabolism associated with excision and
consequent senescence, o :

Ve

Introduction

Applied abscisic acid (ABA) has been shown to induce proline accumulation in
excised leaves of barley and Lolium temulentum (Aspinall et al., 1973) and Pennise-
tum tyhoides (Huber, 1974; Eder and Huber, 1977). The response is not universal,
however, since tobacco and tomato plants do not accumulate proline in response to
applied ABA (Aspinall and Paleg, 1981; Wample and Bewley, 1975).. When kinetin
or gibberellic acid is supplied to excised, stressed barley or radish leaves the
accumulation of proline is inhibited (Aspinall and Paleg, 1981). Cytokinins have
also been shown to reduce proline accumulation induced by ABA (Eder and Huber,
1977), and to reduce the proline content of excised cucumber cotyledons (Udayaku-
mar et al., 1976).

The previous work in this laboratory showed that proline content increased
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greatly in rice leaf segments when incubated in the dark (Wang et al., 1982). It
seems that rice’ leaf segments provide good system to study the regulation of
proline accumulation,

The present commumcatlon descr1bes the regulation of proline accumulation in
rice leaf segments by several chemically unrelated compounds,

Materials and Methods

Rice (Oryza sativa cv. Taichung 1) seedlings were cultured as described previ-
ously (Kao, 1980). ., The apical 3.cm of the third leaves of 9-day-old seedlings was
used for experiments A group of 10 segments was floated on 10 ml of test solution
in a 50 ml flask. Incub\atlon was carried out in darkness or light at 27°C. Each
treatment contained four rephcatlons

Chlorophyll 'imd‘a-'aml\no nitrogen -were extracted and determined as described
before (Kao, 1980). Chlorophyll and a-amino nitrogen were expressed as Ag; and
Agsp per ten segments, respectivelly. 4

Proline was extracted and determined éccording to the method described previ-
ously (Wang et al., 1982). Briefly, leaf segments were homogenized with 3% sulfo-
salicylic acid and centr1fuged The supernatant was treated with acetlc acid and
acid-ninhydrin, ‘hoiled for 1 hour and extracted with toluene, Then its absorbance
at 520 nm was read. Proline content was expressed as pmole per ten segments.

Results

The senescence of excised rice leaves was followed by measuring the decrease
of chlorophy]l and thje increase of amino nitrogen. Benzyladenine (BA) signifi-
cantly retarded r1ce leaf senescence at the concentration from 107 to 10-¢ M. It
is interesting to find that BA in the same range of concentrations as those which
retarded leaf senescence inhibited proline accumulation in the dark. Fig. 1
shows the chlorophyll, amino nitrogen'and proline levels after 4 days in the dark.

It has been reported that both naturally occuring and synthetic cytokinins are
effective’in retarding senescence of detached soybean and rice leaves . (Kao, 1978;
Yu-vand Kao; 1981), The inhibition of proline accumulation and the retardation of
senescence by various cytokinins- are, in general, parallel (Figs. 2 and 3). Compared
with  those ‘¢ytokinins with straight chains at SN position of adenine such as
isopentenyladénine,: n-hexyladenine and zeatin,; cytokinins with ring structure such
as BA and . kinetih -dre. more effective in preventing proline accumulation and
senescence in'detached rice leaves, '

Cycloheximide has been.shown to prevent senescence of rice leaves in the dark
(Kao, 1978). Fig. 4 shows that cycloheximide also 1nh1b1ted proline accumulation
in the dark. - : ’
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Fig. 1. Effects of BA concentrations on chlorophyll, amino nitrogen and proline levels
in detached rice leaves incubated in the dark for 4 days.
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Fig. 2. Effects of benzyladenine (BA), kinetin (K) and benzimidazole (BZI) on chlorophyll, amino
nitrogen and proline levels in detached rice leaves incubated in the dark for 4 days.
The concentration of BA, K and BZI was 10-3M,
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Fig. 3. Effects of isopentenyladenine (IPA), #-hexyladenine (HA) and zeatin (Z) on chlorophyll,
amino nitrogen and proline levels in detached rice leaves incubated in the dark for 4
days. The concentration of IPA, HA and Z was 10-5 M.
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Fig. 4. Effects of cycloheximide concentrations on chlorophyll, amino
nitrogen and proline levels in Hetached rice leaves incubated in
the dark for 4 days. : '
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Fig. 5. Effects of «,e’-dipyridyl (DP), concentration on proline level in
detached leaves incubated in the dark for 4 days.
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Fig. 6. Effect of light (14 Wm~=2) on proline level in detached rice leaves,
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Fig. 7. Effect of ABA on proline level (a), and chlorophyll and amino nitrogen levels
(b) in detached rice leaves incubated in light condition.
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Fig. 8. Effect of BA (10~°*M) and ABA (10—* M) on proline level in
detached rice leaves incubated in light condition for 48 h.

Thimann and Satler (1979b) has pointed out that a,a’-dipyridyl retarded the
senescence of detached oat leaves in the dark. Our unpublished data also showed
that a, a'-dipyridyl has senescence retardation effect in detached rice leaves when
incubated in the dark. Fig. 5 presents evidence that a, a/-dipyridyl also prevents
the accumulation of proline in the dark.

Under light condition, very smaller amount of proline was accumulated (Fig.
6). When leaf segments were treated with ABA under light condition, it was
found that ABA effectively promoted both proline accumulation and leaf senescence
(Fig. 7a and 7b). Aspinall ef al. (1973) have demonstrated marked accumulation of
free proline in the excised leaves of barley and Lolium temulentum in response to
ABA treatment. OQOur results support, in general, these findings and contribute
additional data. Though BA had no effect on proline accumulation under light
condition, BA inhibited ABA-induced accumulation of proline (Fig. 8).

Discussion

Our previous work demonstrated that proline accumulated greatly during
senescence of detached rice leaves (Wang et al., 1982). It was also proved that
the accumulation of proline during senescence, at least in part, resulted from an
increase rate of synthesis, possibly due to a disruption of the normal feedback
inhibition of proline synthesis (Wang ef al., 1982). The present work indicates
that treatments that retarded senescence inhibited proline accumulation, while
agent that promoted senescence promoted proline accumulation. These results
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further support our previous suggestion that proline accumulation which occurs
in rice leaf segments after incubation on water may be a manifestation of changes
in metabolism associated with excision and consequent senescence.

ABA is known to increase rapidly in excised wheat leaves during water stress
(Aspinall, 1980; Hsiao, 1973; Wright and Hiron, 1969). The consequences of the
accumulation of ABA during water stress are stomatal closure and proline accumu-
lation (Aspinall, 1980). Recently, Radin and Ackerson (1982) suggested that ABA
controlled stomatal closure during slower water stress. ABA has also been reported
to increase. during senescence (Even-Chen and Itai, 1975; Gepstein and Thimann,
1980). Our previous work demonstrated that proline content increased greatly in
detached rice leaves during senescence. Thimann and Satler (1979a, b) proposed

recently that stomatal closure is responsible for leaf senescence. The metabolic
consequences of water stress have frequently been compared with those of senes-
cence. Brady et al. (1974) demonstrated that early events in the senescence of
turgid and water stressed leaves are similar. Our results seem to suggest that
stomata may also be closed during senescence of detached rice leaves.

It has been proposed that the accumulation of proline during water stress may
be mediated through stress effects on one or more effector compounds (Aspinall
and Paleg, 1981). The kinetics of proline accumulation also allow the possibility
of an intermediate stage between induction of water stress and the biochemical

events leading to proline accumulation. Plant hormones may be the candidates for
such an intermediary role. Qur result indicated that proline accumulation was
modified by cytokinins and ABA. Furthermore, BA inhibited ABA-induced proline
accumulation. It seems that water stress induces the changes in endogenous cyto-
kinin (Itai et al., 1973) and ABA concentrations which in turn regulate the accu-
mulation of proline in leaf tissue.

Literature Cited

Aspinall, D. 1980. Role of abscisic and other hormones in adaptation to water stress. In N.C.
Turner and P.J. Kramer (eds.), Adaptation of Plants to Water and High Temperature
Stress. John Wiley & Sons, New York, pp. 155-172.

Aspinall, D. and L.G. Paleg. 1981. Proline accumulation: physiological aspects. In L.G. Paleg
and D. Aspinall (eds.), The Physiology and Biochemistry of Drought Resistance in Plants.
Academic Press, New York, pp. 206-242.

Aspinall, D., T/N. Singh, and L.G. Paleg. 1973. Stress metabolism., V. Abscisic acid and
nitrogen metabolism in barley and Lolium temnlentum L. Aust, J. Biol Sci. 26: 319-329.
Brady, C.J., N.S. Scott, and P. Munns. 1974. The interaction of water stress with the
senescence pattern of leaves. In P.L. Bieleski, A.R. Ferguson, and M. M. Cresswell (eds.),
Mechanism of Regulation of Plant Growth. The Royal Society of New Zealand, Wellington,

pp. 403-409.

Eder, A. and W. Huber. 1977. About the effect of abscisic acid and kinetin on biochemical

changes in Pennisetum typhoides during stress conditions. Z. Pflanzenphysiol. 84: 303-31l.



July 1983 Wang & Kao—Proline Accumulation and Rice Leaf Senescence 153

Even-Chen, Z. and C. Itai. 1975. The role of abscisic acid in senescence of detached tobacco
leaves. Physiol. Plant. 34: 97-100.

Gepstein, S. and K.V. Thimann. 1980. Changes in the ABA content of oat leaves during
senescence. Proc. Natl, Acad. Sci. USA 77: 2050-2053.

Hsiao, T.C. 1973. Plant response to Water stress. Ann. Rev. Plant Physiol. 24: 519-570.

Huber, W. 1974. Influence of NaCl and abscisic acid treatment on protein metabolism and
some further emzymes of amino acid metabolism in seedlings of Pemnisetum typhoides.
Planta 121: 225-235, . :

Itai, C., A. Richmond, and Y. Vaadia. 1968. The role of root cytokinins during water and
salinity stress. Isr. J Bot. 17: 187-195.

Kao, C.H. 1978. Senescence of rice leaves. IL. Antisenescent action of cytokinins. Proc, Natl,
Sci. Counc. ROC 2: '391-398. T :

Kao, C.H. 1980. Senescence of rice leaves. 1V. Influence of benzyladenine .in chlorophyll
degradatioﬁ. Plant Cell Physiol. 21: 1255-1262. _

Radin, J.W. and R.C. Ackerson; 1982, Does abscisic acid control stomatal closure during
water stress? What’s New in Plant Physiol. 12: 9-12.

Thimann, K. V. and S. 0. Satler. 1979a. Relation between. leaf senescence and stomatal closure:
Senescence in light, Proc. ‘Natl, Acad. Sci. USA 76\:'22_95—2298.

Thimann, K. V. and S.0. Satler. 1979b, Relation between senescence and stomatal opening:
Senescence in darkness. Proc. Natl. Acad. Sci. USA 76: 2770-2773.

Udayakumar, M.S. Rama Rao and K.S. Krishna Sastry. 1976, Effect of potassium on proline
accumulation in cucumber cotyledons. New Phytol. 77: 593-598.

Wample, R.L. and J.D. Bewley. 1975. Proline accumulation in flooded and wilted sunflower
and the effects of benzyladenine and abscisic acid. Can, J. Bot. 53: 2893-2896.

Wang, C.Y., S.H. Cheng and C.H. Kao. 1982. Senescence of rice leaves. VII, Proline accumu-
lation in senescing excised leaves, Plant Physiol. 69: 1348-1349.

Wright, S.T.C. and R.W. P, Hiron. 1969. (+) Abscisic acid, the growth inhibitor induced in
detached wheat leaves by a period of wilting, Nature 224: 719-720.

Yu, S.M. and C.H. Kao, 1981. A comparison of activities of various cytokinins on the senes-
cence of soybean leaf discs. Bot. Bull. Academic Sinica 22: 49-56.



154 “o1+ i+ - Botanical Bulletin of Academia Sinica - Vol. 24

kR R R 2 o2 AR
(N\N) # 48 2 ¥ i & 8 2 & 2 & #

BRI A B ERER

. APTREEAF RS LEERETR 2 & WP ARSI 2R R SR R

il e TR ALARZ cytokinins HHRZEARFEEZ cytokinins FRFIEIEIER 2L » Rk,
- WEMIERRE R o Kk &Y cycloheximide s @, af-dipyridyl FUEEIEAREERS5{k 4T
THPHIRR S R o XA T » IWEERERRAIER 4 o T ABA B WEE IS MESRRmnE
o BLTHER R ABA RIEIER BIAEE o BEATELET » BA BRANER NSy
{5 BA TFREE ABA FTREZ SRR o BUROITFRLIBTHE M A ES - 355 Bk
BB e AR B o



