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Abstract

Role of plant hormones on the leaf senescence of Phaseolus vulgaris were investigated by measuring the disassembly
of chlorophyll-protein complexes in detached leaves treated with NAA, GA; or BA. The loss of chlorophyll that was
characteristic of leaf senescence induced disassembly of chlorophyll-protein complexes. During dark-induced senesce-
nce, PSI complex was rapidly degraded after the early stage, whereas RC-Core3 was slightly increased until the mid-
dle stage and slowly decreased thereafter. And gradual degradation of trimeric LHCII progressed after the late stage
of senescence. Exogenous applications of NAA and GA; had little or no effect in protecting disassembly of chloroph-
yll-protein complexes during leaf senescence compared to control. However exogenous BA application strongly delayed
the disassembly of chlorophyll-protein complexes, particularly RC-Core2, RC-Core3 and SC-1 in senescing leaves. In
the simultaneous treatment of plant hormones and light, BA application under illumination of light was most effective
in the stability of chlorophyll-protein complexes, particularly PSI, LHCII, RC-Core2, RC-Core3 and SC-1. These results
suggest, therefore, that simultaneous application of BA and light induced synergistic effect on the stability of chloro-

phyll-protein complexes during leaf senescence.
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Introduction

One of the most conspicuous changes shown in sene-
scing leaves is the degradation of chlorophyll and conse-
quent yellowing. The loss of chlorophyll during leaf se-
nescence induces the decrease of photosynthesis rate as
well as the disassembly of chloroplast>**. The disas-
sembly of chloroplast may be associated with the struc-
tural changes of thylakoid membranes induced by leaf
senescence. Of particular interest is the fact that the sy-

nthesis of the majority of thylakoid-associated proteins
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in bean leaves, such as the 68 kD apoprotein of PSI,
ATPase, light-harvesting chlorophyll-binding protein, and
cytochrome f and b6, is given rise to about two and
four-fold decrease in senescing leaves, whereas the syn-
thesis of the D1 protein of PSII is not affected by sene-
scence>®. Also recent studies suggest that leaf senesce-
nce causes the degradation of PSII proteins extrinsic to
thylakoid membranes, such as the 33 kD protein of oxy-
gen-evolving complex in the leaves of Festuca pratensis”. In
a normal cultivar and a nonyellowing mutant of Festuca

pratensis turnover of various proteins and chlorophyll-
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binding apoproteins associated with thylakoid membra-
nes is induced by leaf senescence®'®'". However, the
studies on the disassembly of chlorophyll-protein comp-
lexes during leaf senescence are not fully understood,
though there are many studies on the structural changes
of thylakoid membranes of senescing leaves.

Factors influencing the initiation of senescence include
plant hormones, light, nutrients, environmental stress,
such as extremes of temperature and water, and inva-
sion by pathogen'®'®. Particularly application of plant
hormones may influence leaf senescence by affecting the
transport of available nutrients and photosynthetic pro-
ducts, or alternatively may exhibit more direct effect on
chlorophyll turnover'*'®. There are two types of evide-
nce for the role of cytokinin in the control of senesce-
nce. One is external application of cytokinin which cau-
ses dramatic senescence retardation in the detached lea-
ves'®'”, The other evidence is that the decrease of en-
dogenous cytokinin levels may induce foliar senescence
1819 Gibberellic acid has also been proposed to delay
leaf yellowing in cut flowering branches of Alstroemeria
pelegrina'™™® .

However, very little information has been published
on the disassembly of chlorophyll-protein complexes af-
fected by plant hormones, such as, auxin, gibberellin
and cytokinin. Also, the overlapping role of plant hor-
mones and light during leaf senescence gives rise to the
interesting questions of whether plant hormones and li-
ght act independently to affect senescence or whether
plant hormones are correlated with light in senescence
progress. Therefore, in order to clarify the effect of plant
hormones under dark or light condition on the disasse-
mbly of chlorophyll-protein complexes in the detached
leaves of Phaseolus vulgaris, we describe the physiologi-
cal changes of chlorophylls and the disassembly of chlo-
rophyll-protein complexes in the detached leaves of
bean plants treated with plant hormones under dark co-

ndition or light condition.
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MATERIALS AND METHODS

Plant material

The bean seeds (Phaseolus vulgaris L.) were soaked in
running tap water for 4 h and planted on the pot, and
grown in growth chamber at 25C/18T (light/dark) te-
mperature cycle under 18 h of light /6 h of dark regime
condition with 70% humidity for 3 weeks. And the
leaves of 21 day-old plants were excised by razor bla-
des and the detached leaves, grown in hydroponically in
3 mM MES (2-(N-morpholine) ethanesulfonic acid) bu-
ffer (pH 5.6) with or without plant hormones under
dark condition or white light condition for 12 days,
were used as the experimental materials. Experimental
system in which detached leaves are used will offer ex-
cellent results because of the relative ease of manipula-
ting the experimental protocol compared to the comple-
xity using attached leaves, and there is a remarkable
variability in experimental results in attached leaves be-
cause of the uncertainty of the exact time of onset sen-
escence'®?V,

The concentrations of NAA (napthaleneacetic acid),
GA; (gibberellic acid) and BA (benzyladenine) were as-
certained to be 5X107° 5X107? and 5 uM, respecti-
vely, which were chosen for optimal concentration from

the previous report described in Lee ef al. (1995)%.

Thylakoid membrane isolation

For the isolation of thylakoid membranes, the deta-
ched leaves were homogenized with Waring blender in
homogenization buffer consisted of 50 mM HEPES (pH
7.6), 0.3 M sorbitol, 10 mM NaCl and 5 mM MgCl.
To remove cellular debris the homogenate was filtered
through four layers of cheesecloth, and the filterate was
centrifuged at 350 g for 10 min. The supernatant was
pelleted at 5,000 g for 10 min. The membrane pellet
was washed twice in washing buffer consisted of 50
mM HEPES (pH 7.6), 0.1 M sorbitol, 10 mM NaCl and
5 mM MgCl.. The resulting pellet was resuspended in
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a small volume of the same buffer with 10% glycerol,
aliquoted and frozen at —807C. All procedures of thyla-

koid membrane isolation were performed at — 4T,

Thylakoid membranes solubilization

For native green gel electrophoresis thylakoid memb-
ranes was washed twice in 2 mM Tris-maleate (pH 7.
0), and the washed pellet was resuspended in solubili-
zation buffer containing 2 mM Tris-maleate (pH 7.0),
10% glycerol, 0.45% octyl glucoside, 0.45% decyl ma-
ltoside, and 0.1% LDS (lithium dodecyl sulfate). Solu-
bilization buffer was added to give a ratio of total no-
nionic detergent to chlorophyll of 20 1 (w/w). Samp-
les were incubated on ice for 30 min and centrifuged

at 15,000 g for 10 min to remove insoluble materials.

Native green gel electrophoresis

Native green gel was consisted of a stacking gel con-
taining 5% acrylamide, 25 mM Tris-HCl (pH 6.3), 50
mM glycine and 10% glycerol, and a resolving gel con-
taining 8% acrylamide, 25 mM Tris-HCl (pH 8.3), 50
mM glycine and 10% glycerol. The acrylamide/bisacry-
lamide ratio was 100 : 1. The gel was polymerized by
adding 0.05% TEMED (tetramethylethylenediamine).
The electrode buffer contained 25 mM Tris (pH 8.3),
192 mM glycine and 0.1% SDS (sodium dodecyl sul-
fate) as described by Allen and Staehelin (1991)*%,
After the gel was prerun at 10 mA for 1 h in cold cha-
mbers, samples (about 13.5 ug chlorophyll) were loa-
ded onto the gel. The amount of chlorophyll was deter-
mined with spectrophotometer (Shimadzu, UV 240, Ja-
pan) according to the method of Lichtenthaler (1987)
) The gel was electrophorized at 10 mM constant cu-
rrent, 4C for 3 h.

Denaturing SDS-PAGE
For two-dimensional gels, gel slices were excised from
native green gel lanes, incubated for 15 min at 55C in

solubilization solution containing 25 mM Tris-HCl (pH

6.3), 50 mM glycine, 2% SDS, 2% p-mercaptoethanol,
and 10% glycerol. Gel slices treated with the solution
were loaded directly onto the gel of 12% polyacryla-
mide. PAGE (polyacrylamide gel electrophoresis) in the
presence of SDS was performed as described by Laem-
mli (1970)%.

Densitometry scanning

Gel lanes of a native green gel were scanned using a
TLC scanner (Shimadzu, CS-930, Japan). The measuring
wavelength of the densitometer was 675 nm. Peak
areas for each green band in the lane was measured and
represented as a percentage of the total chlorophyll in
chlorophyll-protein complexes excluding free pigment.
The values for each green band were the average of in-

dependent three experiments.

RESULTS

Changes in the contents of chlorophyll

To characterize the senescence process of the deta-
ched leaves we determined the changes of chlorophyll
contents under different experimental conditions. Cha-
nges in the contents of chlorophyll from the detached
leaves of Pheseolus vuigaris which were kept in the dark
or light condition during leaf senescence were shown in
Fig. 1 (see Lee ef al., 1997)*. Control was defined as
the leaves of bean plants grown hydroponically in 3
mM MES solution without plant hormones under the
darkness or light. Leaves of bean plants that were pla-
ced in the darkness showed gradual loss of chlorophyll
along with senescence period, thus the decrease in chlo-
rophyll content of the control under darkness on 12 d
was 66% of the initial value. The illumination of light
was significantly effect in the suppressing of chlorophyll
loss during leaf senescence when compared to the dark.
To examine whether or not plant hormone is regulatory
factor during lqaf senescence, chlorophyll contents of the

leaves, which had been treated with plant hormones for
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12 d, were investigated. The changes of chlorophyll co-
ntents in the NAA-treated leaves during leaf senescence
was similar to those in the control (Fig. 1 and Table 1).
The chlorophyll content of GAs-treated leaves was dec-
reased during leaf senescence when compared to those
in the control (Fig. 1 and Table 2). However, exogenous
BA application was more effective in protecting the deg-
radation of chlorophyll of senescing leaves than the co-
ntrol, particularly BA application under illumination of
light strongly retarded the chlorophyll breakdown of se-
nescing leaves (Fig. 1 and Table 3). These results sug-
gest that exogenous BA application induces synergistic
effect on the suppression of chlorophyll breakdown, pa-
rticularly the reciprocal effect of BA and light may stro-
ngly retard the degradation of chlorophyll during leaf

senescence.
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Fig. 1. Changes in the contents of chlorophyll and Chl
a/b ratios from the detached leaves of Phaseolus
vulgris which were kept in the dark (A) or light
condition (B) for 12 d. The values are the ave-
rage of three independent expreiments. —@—,
total Chis —(O—, Chi a/b ratio.
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Chl a/b ratio of the control which was kept in the
dark did not changes significantly during 8 d of dark-
induced senescence, and then the leaves showed remar-
kable increase of Chl a/b ratio upon prolonged incuba-
tion in the dark. Chl a/b ratio of leaves illuminated
with light was not significantly altered during leaf sene-
scence when compared to those which were kept in the
dark (Fig. 1). Exogenous BA application caused the sta-
bility of Chl a/b ratio during leaf senescence than cont-
rol, NAA and GA; (Fig. 1 and Tables 1~3). The stabi-
lity of Chl a/b ratio during leaf senescence may be due
to the retardation in the breakdown of light-harvesting
chlorophyll complexes containing both Chl a and Chl b.

Effect of light on the disassembly of chiorophyil-pro-
tein complexes

The changes of chlorophyll contents and Chl a/b ra-
tios may induce the structural changes of thylakoid co-
mponents. The following experiments, therefore, condu-
cted to elucidate how plant hormones and light regulate
the disassembly of chlorophyll-protein complexes during
leaf senescence. The bean thylakoids solubilized with
nonionic detergent/chlorophyll weight of 201 were
separated to ten main pigmented bands in the native
green gel system to be nomenclatured as follow . two
bands of RC(reaction center)-LHC, three bands of RC-
Core (RC-Corel, 2, and 3), LHCII, three bands of SC
(small complexes, two bands of SC-1 and SC-2) and FP
(free pigment). In present study, PSI complex was main
band in two bands of RC-LHC in the green gel, there-
fore we designated RC-LHC complex as PSI complex.
The band pattern was obtained in the previous study
described in Lee et al. (1997)*®. We could observe 4
major changes in the relative distribution of chlorophyil-
protein complexes during dark induced senescence (Fig.
2) 1 (1) PSI complex was remarkably decreased after 2
d, (2) RC-Corel and 2 was rapidly degraded at the early
stage of leaf senescence, (3) RC-Core 3 was slightly
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Table 1. Changes in the contents of chlorophyll and Chl a/b ratios from the detached leaves of Phaseolus vulgris

treated with NAA under dark or light condition ug Chl/g fresh weight
days after excision (d) chlorophyll a chlorophyll b chlorophyll a/b total chlorophyll
Dark 0 771.5% 360.5 2.14 1132
2 764.2 353.8 2.16 1118
4 687.9 303.1 2.27 991
6 609.3 262.7 2.32 872
8 494.1 205.9 2.40 700
10 406.6 153.4 2.65 560
12 300.7 97.3 3.09 398
Light 0 771.5 360.5 2.14 1132
2 769.2 357.8 2.15 1127
4 747.9 343.1 2.18 1091
6 648.8 296.2 2.19 945
8 582.6 254.4 2.29 837
10 546.5 2335 2.34 780
12 404.5 160.5 2.52 565

“The values are the average of three independent experiments.

Table 2. Changes in the contents of chlorophyll and Chl a/b ratios from the detached leaves of Phaseolus vuigris

treated with GA, under dark or light condition ug Chl/g fresh weight
days after excision (d) Chl a Chl b Chl a/g Total Chl
Dark 0 771.5¥ 360.5 2.14 1132
2 741.4 341.6 2.17 1083
4 636.5 275.5 2.31 912
6 570.4 238.6 2.39 809
8 463.7 189.3 2.45 653
10 348.4 123.6 2.82 472
12 2249 68.1 3.30 293
Light 0 771.5 360.5 2.14 1132
2 722.8 336.2 2.15 1059
4 681.9 303.1 2.25 985
6 621.7 270.3 2.30 892
8 554.9 233.1 2.38 788
10 494.7 200.3 2.47 695
12 377.0 130.0 2.90 507

“The values are the average of three independent experiments.

Table 3. Changes in the contents of chlorophyll and Chl a/b ratios from the detached leaves of Phaseolus vulgris

treated with BA under dark or light condition ug Chl/g fresh weight
days after excision (d) Chl a Chl b Chl Total Chl
Dark 0 771.5° 360.5 2.14 1132
2 770.1 359.9 2.14 1130
4 689.6 3134 2.20 1003
6 630.8 284.2 2.22 915
8 561.7 245.3 2.29 807
10 442.4 180.6 2.45 623
12 365.4 141.6 2.58 507
Light 0 7715 360.5 2.14 1132
2 775.6 362.4 2.14 1138
4 758.9 348.5 2.18 1107
6 676.2 308.8 2.19 985
8 615.0 277.0 2.22 892
10 559.8 240.2 2.33 800
12 538.4 221.6 2.43 760

“The values are the average of three independent experiments.
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Fig. 2. Changes in the disassembly of chlorophyll-pro-
tein complexes from Phaseolus vulgris which
were kept in the dark for 12 d. Thylakoid me-
mbranes were solubilized with octyl glucoside,
decyl matoside and lithium dodecyl sulfate. Let-
ters on the left-hand side indicate the designa-
tion of chlorophyll-protein complexes resolved :
a, RC-LHC 5 b, RC-Corel ; ¢, RC-Core2 ; d, RC-
Core3 5 e, LHCII 5 f, SC-1 3 g, SC-2 7 h, FP.

increased until 4 d and slowly decreased thereafter, and
(4) as the gradual decrease of LHCII progressed at the
late stage of senescence, there was a steady increase in

the amount of SC-2. White light was generally effect

in the structural stability of chlorophyll-protein comple-
xes of senescing leaves when compared to the darkness.
Particularly the degradation of PSI and RC-Core3 was
suppressed by the illumination of light. These results ag-
ree with the notion using the leaves of Lolium tumelen-

tum27)

Effect of plant hormones on the disassembly of chlo-

rophyll-protein complexes

To elucidate effect of plant hormones on the disasse-
mbly of chlorophyll-protein complexes during leaf sene-
scence, the changes of relative distribution of chloroph-
yll-protein complexes in the detached leaves treated
with plant hormones for 12 d were investigated (Tables
5~7). The leaves treated with NAA under dark condi-
tion was little changes in the relative distribution of ch-
lorophyll-protein complexes of senescing leaves when
compared to control which was kept in the dark (Tab-
les 4 and 5). The disassembly of chlorophyll-protein co-
mplexes in the detached leaves treated with GA, was
faster to some extent than control (Tables 4 and 6).

Particularly, the leaves treated with GAs showed decr-

Table 4. Changes in the disassembly of chlorophyll-protein complexes from Phaseolus vulgris which were kept in the

dark or light condition for 12 d

Relative amount of chlorophyll in chlorophyll-protein complexes

days after excision (d) —— o T RCCo2  RCCored  LHGI  SC1 o)
Dark 0 26.4 35 3.8 4.2 357 12.0 14.4
2 8.6 - 5.7 5.3 39.6 17.6 232

4 3.3 - - 9.8 345 1.6 50.3

6 1.8 - - 8.6 33.9 06 55.1

8 - - - 1.6 32.9 - 65.5

10 - - - 2.0 354 - 62.6

12 - - - - 340 - 66.0

Light 0 26.4 35 3.8 42 357 12,0 14.4
2 11.8 1.2 4.9 3.5 452 15.2 18.2

4 8.5 - 7.1 4.8 476 48 27.2

6 6.0 - 6.5 16.4 40.4 4.3 26.4

8 3.9 - - 2.2 50.9 39 30.1

10 2.0 - - 2.9 297 3.7 61.7

12 - - - - 375 - 62.5
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Table 5. Changes in the disassembly of chlorophyll-protein comlexes from Phaseolus vugris treated with NAA under
dark or light condition for 12 d
Relative amount of chlorophyll in chlorophyll-protein complexes

days after excision (d)

PSI RC-Corel RC-Core2 RC-Core3 LHCII SC-1 5C-2

Dark 0 26.4 3.5 3.8 4.2 35.7 12.0 14.4
2 13.2 - 6.5 4.5 39.6 177 18.5

4 3.5 - - 9.2 35.2 1.8 50.3

6 1.5 - - 9.2 33.9 1.6 53.8

8 - - - 4.2 35.2 - 60.6

10 - - - 1.3 37.2 - 61.5

12 - - - - 32.8 - 67.2

Light 0 26.4 3.5 3.8 4.2 35.7 12.0 14.4
2 12.0 1.3 4.5 4.2 46.8 13.2 18.0

4 9.7 - 8.2 4.5 43.0 6.8 27.8

6 5.9 - 6.4 16.6 41.2 3.9 26.0

8 3.5 - - 2.8 48.6 3.9 41.2

10 2.1 - - 24 32.8 2.9 59.8

12 - - - - 39.2 - 60.8

Table 6. Changes in the disassembly of chlorophyll-protein complexes from Phaseolus vulgris treated with GAs under
dark or light condition for 12 d
Relative amount of chlorophyll in chlorophyll-protein complexes

days after excision (d)

PSI RC-Corel RC-Core2 RC-Core3 LHCII SC-1 SC-2

Dark 0 26.4 3.5 3.8 4.2 35.7 120 14.4
2 6.2 - 4.5 6.2 40.3 13.4 294

4 0.8 - - 8.3 41.2 4.1 45.6

6 - - - 0.8 39.2 0.3 59.7

8 - - - - 35.4 - 64.6

10 - - - - 332 - 66.8

12 ~ - - - 31.8 - 68.2

Light 0 26.4 3.5 3.8 4.2 35.7 12,0 14.4
2 10.8 0.7 5.0 4.2 44.1 13.3 21.9

4 5.2 - 6.8 5.3 43.8 5.2 33.7

6 3.1 - 5.7 11.3 40.8 5.2 33.9

8 1.8 - -~ 5.1 43.2 2.8 47.1

10 - - - - 35.7 - 64.3

12 - - - - 30.2 - 69.8
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Table 7. Changes in the disassembly of chlorophyll-protein complexes from Phaseolus vuigris treated with BA under

dark or light condition for 12 d

Relative amount of chlorophyll in chlorophyll-protein complexes

days after excision (d)

PSI RC-Corel RC-Core2 RC-Core3 LHCI SC-1 SC-2

Dark o] 26.4 3.5 3.8 4.2 35.7 12.0 14.4
2 131 - 6.5 4.0 42.3 16.2 179

4 3.3 - 4.0 9.2 40.8 7.5 35.2

6 1.5 - 1.8 8.2 40.4 3.2 459

8 - - - 2.8 39.5 2.7 55.0

10 - - - 2.3 38.5 1.3 579

12 - - - - 37.2 0.8 62.0

Light 0 26.4 35 3.8 4.2 357 12.0 14.4
2 20.2 1.8 4.5 2.9 40.2 13.8 16.6

4 13.2 1.2 6.2 3.9 38.9 5.3 31.3

6 109 0.7 54 10.3 40.5 5.2 34.0

8 9.5 - 4.2 4.3 43.8 6.7 315

10 5.7 - - 4.2 45.8 3.9 40.4

12 5.2 - - - 47.2 3.5 44.1

eased levels of chlorophylls associated with PSI and
RC-Core3. On the other hand, exogenous BA appli-
cation caused the structural stability of chlorophyll-
protein complexes during leaf senescence when co-
mpared to control placed in the darkness (Tables 4
and 7). Particularly, BA was significantly effect in
retarding the disassembly of RC-Core2, RC-Core3
and SC-1 in senescent leaves. These results suggest
that BA causes a suppressing effect on the disasse-
mbly of chlorophyll-protein complexes during leaf
senescence while NAA and GAs had little effect.
The stability of chlorophyll-protein complexes by
exogenous BA application may be attributed to the
proposal that cytokinin induces the stability of
grana in chloroplast, and promotes the synthesis of
chloroplast proteins®®**”. In the simultaneous treat-
ment of plant hormones and light, BA application il-
luminated light was most effective in the stability of
chlorophyll-protein complexes in senescing leaves
(Tables 4~7). BA application collaborated with

304/ A e

light strongly suppressed not only the degradation of
and PSI and LHCII but also that of RC-Core2, RC-Core3
and SC-1.

DISCUSSION

Chlorophyll loss during dark-induced senescence was
a good representative in the senescing leaves. The illu-
mination of light caused significantly suppressing effect
in the breakdown of chlorophyll when compared to da-
rkness (Fig. 1), these results are consistent to the obse-
rvations with many plant species®™*®. To elucidate ef-
fect of plant hormones during leaf senescence, chloroph-
yll contents in the detached leaves of bean plants,
which had been treated with plant hormones for 12 d,
were investigated. Exogenous application of NAA and
GA; had little effect in the retardation of chlorophyll
degradation during leaf senescence but exogenous appli-
cation BA significantly caused suppressing effect in the

chlorophyll breakdown, when compared to the control
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(Fig. 1, Tables 1~3). However, Horton and Bourguoin
(1992) suggested that gibberellic acid retarded loss of
chlorophyll in the juvenile ivy®”, and some reports also
showed the same effect of GA; on the retardation of
chlorophyll breakdown®*®, On the other hand, Witten-
bach (1977) had proposed that GA; had little or no
effect on the senescence rate of chlorophyll loss in the
wheat seedlings®”, and these results were similar to
present experimental results. The contrary effect of GA;
on the breakdown of chlorophyll may be attributed to
the different degrees of delaying export of nutrients
from the leaves of source organs to the other sink or-
gans during senescence or the regulatory degrees of ch-
lorophyll turnover. Cytokinin has been known to play
an important role for the retardation of chlorophyll loss
in a large number of species'”'?. These results suggest
that cytokinin is very effect in retardation the loss of
ALA (aminolevulinic acid) dehydratase and PBG (por-
phobilinogen) deaminase, two enzymes was involved in
chlorophyll biosynthesis'®.

Chl asb ratio of the control which was kept in the
dark did not changes significantly until the middle stage
of dark-induced senescence, and -then was increased in
the late stage of senescence (Fig. 1). The increase of Chl
a/b ratio may be attributed to the degradation of light-
harvesting chlorophyll complexes containing Chl a and
Chl b. To better understand the changes in the chloro-
phyll-binding proteins during leaf senescence, we studied
the disassembly of chlorophyll-protein complex in the
detached leaves during senescence using native green gel
system. The bands, which were separated in native
green gel, were nomenclatured in order of increasing
mobility as follows : PSI, three bands of RC-Core (RC-
Corel, 2 and 3), LHCII, the three bands of SC (two
bands of SC-1 and SC-2) and FP (Fig. 2) as shown in
previous study®®. The protein components of the band
was showed in a fully denaturing SDS-PAGE as fol-
lows : (1) PSI complexes contained P700 apoprotein, a
number of LHCI apoprotein and the smaller PSI subu-

nits, (2) RC-Core complexes contained a number of
reaction center and core complexes associated with PSI
and PSII, (3) LHCII was preserved as the trimeric form
of the main light harvesting antenna of PSII, and (4) SC
complexes were composed of partially disassociated PSII
components, particularly SC-2 contained a number of
LHCI monomer®®. As shown in Fig. 2, the disassembly
of LHCII was suppressed until the middle stage of dark-
induced senescence, and the LHCII was significantly de-
graded thereafter. The disassembly of LHCI may be in-
duced by the increase of Chl a/b ratio, and these results
are consistent with the notion that the degradation of
LHCII apoprotein was retarded until the late stage of
leaf senescence in Lolium tumelentum®”. However, it is
not clear whether disassembly of chlorophyll-protein co-
mplexes is caused by breakdown of chlorophyll, or by
proteolytic digestion of the protein moiety. Therefore fu-
rther studies are required to elucidate proteolytic diges-
tion of the protein moiety during leaf senescence. Illumi-
nation of light, in general, offered the structural stability
of chlorophyll-protein complexes of the detached leaves
during senescence when compared to the darkness, par-
ticularly was significant effect in protecting PSI and RC-
Core3 degradation (Table 4). The effect of light on the
disassembly of chlorophyll-protein complexes could be
observed in the previous study that white light retards
the degradation of chlorophyll-binding proteins, particu-
larly suppresses strongly the breakdown of CPI and LH-
CH apopreteins®%,

Plant hormones such as auxin, gibberellin and cytoki-
nin are known to regulate loss of chlorophyll of leaves
in a large number of plant species during senescence®**>
36 However, there are little informations on the disas-
sembly of chlorophyll-protein complexes of senescing
leaves. In the present study, we have studied the effect
of plant hormones on the changes of chlorophyll-protein
complexes during senescence. Exogenous applications of
NAA and GA; were little or no effect on the changes
of relative distribution in chlorophyll-protein complexes
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of senescing leaves when compared to the control (Tab-
les 4~6). The fact suggested the possibility that chloro-
phyll-protein complexes are degraded with kinetics simi-
lar to that of disappearance of chlorophyll. Exogenous
BA application caused the suppressing of the disassem-
bly of chlorophyll-protein complexes, particularity RC-
Core2, RC-Core3 and SC-1, comparing to the control
(Tables 4 and 7). The stability of chlorophyll-protein
complexes by exogenous BA application may be induced
by the proposal that cytokinin induced the stability of
grana in chloroplast, and promotes the synthesis of ch-
loroplast proteins®**®, Huang ef al. (1990) also have
reported the similar results with wheat seedlings®”. On
the other hand, in the simultaneous treatment of plant
hormones, BA application collaborated with light was
most effective in protecting the disassembly of chloro-
phyll-protein complexes, particularly PSI, RC-Core2, RC-
Core3 and SC-1 in senescing leaves (Table 7). The que-
stion of whether light and cytokinin act independently
to affect leaf senescence or whether plant hormones are
involved in the senescing responses induced by physio-
logically photoreceptors is still an open one. Mohr (19
84) suggested a simple additive interaction when cyto-
kinin and light were applied simultaneously and conclu-
ded that two factor act independently on the chloroph-
yll accumulation®®. In contrast, Flores and Tobin (19
86) suggested that red light or cytokinin was each more
effective on the cab and rbcS expression in the presence
of the other than when administered alone®”. In present
study, it could be suggested that simultaneous applica-
tion of light and BA induces synergistic effect on the re-
tardation of the disassembly of chlorophyll-protein com-
plexes during leaf senescence when compared to light or
BA application alone, and light may play an important
role for the retardation of the disassembly of chloroph-
yll-protein complexes in senescing leaves when compa-
red to BA. Further studies are needed to elucidate pro-
teolytic digestion of chlorophyll-binding proteins and

molecular mechanism that allows the structural changes
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of chloroplast by simultaneous application of plant hor-
mones and light.
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