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Effects of Gibberellic Acid and Abscisic Acid on Proteolysis of Senescing
Leaves from Rice Seedlings
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The purpose Gf exmﬁment * The purpose of this study was to monitor the effect

of GA; and ABA on proteolysis of senescing leaves, and especially, their effect
on KCl-enhanced proteclysis at the enzymatic level.

Matﬁﬁals aﬂd MethOdS . Five 5-cm-long leaf segments of rice seedling were

placed, base down, into test tubes containing 2-ml test solutions. Five millimolar
sodium phosphate, pH 7.0, served as a control, and KCI(50mM), GA3(100# M), and
ABA(1#zM) were made up in the control buffer. Leaf segments were
light-incubated at 28°C for 8 days. Five segments were harvested every other
day while the rest were supplied with fresh test solutions. Crude extracts made
with 5mM Sodium phosphate, pH 7.0, were passed through a PD-10 column, and
the first 3.5-ml protein fraction was used as an enzyme source. In addition to
iremoglobin, Rubisco, purified from 8- to 12-day-old seedling leaves, was used as
a substrate. The ninhydrin—positive compounds(NPCs) were measured from the
TCA-soluble supernatant for the activities of hemoglobin-degrading (H-exo) and
Rubisco-degrading exoproteinases (R-exo). The difference in the amount of NPCs
present in the TCA-soluble supernatant and its 12M HCl hydrolyzates was taken
to be a measure of R-endo activity. The NPCs are expressed as the amount
equivalent to L-leucine. Proteins and amino acids were measured. Both fresh
weights of leaf samples and volumes of incubation media remained in the tubes
also were measured when leaf segments were harvested every other day.

Results and Discussions: The effect of GAs and ABA on KCl-eahanced

croteolysis of senescing leaves of rnice was studied. Emphasis was given to their
effects on KCl-enhanced efflux of amino acids and proteinase activity, When
treated singly, GAz affected leaf proteolysis little, while ABA increased
proteolysis, the rate of amino acid efflux, and Rubisco-degrading endoproteinase
activity. An additive increase in all three parameters mentioned above was
observed when leaves were treated with ABA and KCl. No such an’ additive
effect was found when GAs was treated with KCl. Both GA3 and ABA helped to
alleviate the KCl-suppressed activity of Rubisco-degrading exoproteinases. The
additive increase in proteolysis of rice leaves in the presence of both ABA and
KCl could thus be ascribed to a further increase in the efflux of protein
hydrolyzates and Rubisco-degrading endoproteinase activity. A close relationship
was found between the increase in the rate of proteolysis and the decrease in
water absorption of leaf segments. An increase in proteolysis was accompanied
by a decrease in water absorption, and the combined treatment of ABA with KCl
resilted in a further reduction of water ahcorntion



Table §. Effect of GA:x and 484 on UCI-~increased proteclysis of
cenescling rice leaves

Incubation (days)

Coapound Treatsent!’® 2 4 § L)
1

Control 83 61 s . <«
Kcl 0 38 24 16

Protein GAy 88 62 38 28
ABA - ” sS 35 18
GAs + KCI 7”2 40 0 19
ABA ¢ KCI 68 s 25 16
Control 187 306 453 458
Kcl 253 325 427 388

Aslno acid GAa 163 39 453 450
ABA 256 359 468 425
GAz + KCI 24 284 442 412
ABA ¢ EKC1 3s L3k 428 408

1) Concentratlons used: GAx, 100 uM: ABA, 1 uN: XC!, SO N
22 100% at day 0 239 ug proteins and 28 ug Leu eq aaino scids per
leaf segment. .

Table 2. Cusulative asount of water sbeorbed by s senescing leaf
segsent of rice

Inrubstion (days)

Treatmant!? 2 4 1] 8
Jt t/segeent

Control 108 159 20 231
[ {d] a3 125 161 177
GA> ns ] 202 223
ABA 90 135 172 209
GAy ¢+ KCI a7 123 153 174
ABA + KCl 69 108 135 165

11 See Table | for chesical concentrations used.

Table 3. Effect of ICl, GAy snd ABA on the ssount of 2elno aclds
effiuxed into the Incubation sedia

incubstion (days)

Treatsent!'® 2 4 $ 8
18 Leu eq/cegeent

Contral 0.56 2.20 3.2 1.46

(4} 1.24 4.8 1.70 1.38

GAy 0.52 2.28 3.09 2.01

ABA 1.36 6.38 8.54 10.26

GAy » EC) 1.18 an 7.82 7.66
* xCl 1.92 7.88 9.05 11.82

13 See Table 1 for chesical concentrstions used.
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Fig. 2. Relative changes in total {A) and specific (8) activities of R-exo
of senescing rlce laaves as affected by different Incubation aadia. Leaf
seqments were | lght-Incubsted fn the sedia containing 50 i XCl {=-0--), 10G
W GAy 1—O—}. and & cosbination of two (—®~), Flve sN sodlus phosphste
buffer at pH 7.0 served ss controls (~—e~). Day 0 values (100%) of total
ond specific sctivitles were. In ug Leu eq. 10.6 per leal segesent and 44.4
p=r ug protein. respectively.

Table ¢, Arlative changes in R-exo snd R-endo sctivity of rlce
leaves as affected by ABA and RKCI

Enzywe _Total Act, at gay Seeclfic Act. at day
type Trestsent!’ 2 4 3 8 2 4 6 [
} )
Control 10 152 182 107 129 249 418 N
Exo  KCI 81 83 82 80 133 231 34 500
ABA 98 93 83 82 124 163 253 43S
ABA + BEC) 105 105 86 &3 154 298 382 522
Control 108 113 N8 118 427 185 310 412
Endo  XCY 1S 130 137 133 170 4l ST A
ABA 12 t20 122 122 142 219 347 678
ABA + KCI 127 137 145 146 187 330 577 918

17 Concentrations used: ABA, 1 uMi KCl, 50 oK.
23 See Figs. 2 and 3 for 100% activity at dsy 0 of R-cxo end
R-endo, respectively.
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Fig. 1. Relative changes in total (A) and specific (B) activitles of H-exo
of rice lesves as sffocted by different Incubatlion sedia. Lesf segsents were
{ight-incubated in the eedla containing-50 sX KCl (—o0~-), 100 uM GAs (—O-
~). and a coablnation of tw (~—&—), Flve sN sodius phosphate buffer at pH
7.0 served aa controls (—e—). Day 0 values (100X) of total anrd specific
octivities were, In ug Lew eq. 12.0 per leaf segeent and 50.2 per eg
proteln, respoctively.
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Flg. 3. Relative changes in total (A) and specific (8) activities of R-endo
of senescing rice leaves as sffected by GA and KCI. Leal segaents, taken
fros the second true losves of 16—day-old seedlings, were light=-incubated in
vorious sedls contalning 50 aM XCl (—O—), 100 uM GAy (—O0—), and =&
cosbinatlon of two (—s—), Five eM sodius phosphate buffer at pH 7.0 served
a8 controls (—e—), Purified Rubisco proteln wes used as s substrate. Doy 0
values (1001) of total and specific activitles were, in ug Lew eq, 18.3 per
leaf segment and 76.6 per sg protein, respectively,



