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Ascorbate gel =X

Y AelA9l ascorbaied] &2 Kellys) Latzko(1985)9)
WS o] gdly e, $EE2 ADAC(1984)] o whet
26-dichloroindophenolo] tidt HAY o2 HFHL. £, 10
M o AAE 2% HPO2 mM EDTA ¥3) 5 mL} 4
FAE o] 83t e F AL 4000 g, 108)3H ascor-
bate7} ¥3H AAAS o] indophenolz A3 ascor-
bate §F= &3 ch

F428Y0 & 5 P 53

APX(Ascorbate peroxidase)?] &ALAL 10709 9 AHL
70 mM K-phosphate 9% 9(pH 8.0) 4 mL9} 0.3 g9 Agrl2
A B kg = AAEE (20000 g 2083t de AA
dHoZ FHHT. APX A T Asada(1984)2] o wha}
ascorbate7} 2F5hE W) 290 nmo M9 FRE FAEFAF=
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S4d A A9k GR(Glutathione Reductase)e) Hd &
A2 Pastoris) Trippi(1993)2] WS 7%= s 10749 9
AAZ 50 mM Tris-HCl 9434(0.] mM EDTA, 008 g/mL
PVPP X%, pH 76) 4 mLg} 03 g9 AHAE o]43te] o}
3 T AUEQ000 g 0%)ek e ARAGA FH)
&9t GR ¥4=% Schaedle?t Bassham(1977)¢] o]
we srsolle] NADPHS) 5340 nme) §%% 2a)2
2E ZAHAL ojn) FA4urEe 50 mM Tris-HCl g3
(pH 7.6). 0.15 mM NADPH, 05 mM GSSG, 3 mM MgCl,
203 mLY 480 3E 2 mLY yhedelA Ay
ek

APX isozyme9| ®7|9E 24

APX isozyme?] X7]9F £4& Mittlers} Zilinskas(1993)
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Fig. 2. Changes in inorganic peroxide levels in senescing
wheat leaves during 4 days dark incubation in the prese-
nce (M) or absence (O) of 10 uM BA.
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Fig. 3. The time course of the total activity of cytosolic
ascorbate peroxidase in senescing leaves during 4 days
dark incubation in the presence (@) or absence (O) of
10 uM BA.
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Fig. 4. Detection of cytosolic APX isozyme activities by
the native-electrophoretic gel assay in soluble protein cxt-
racts from senescing wheat leaves treated with (B) or wi-
thout (C) 10 uM benzyladenine. Numbers in each lane
indicate the days of dark incubation period. All lanes con-
tained 100 pg of soluble lcaf protein extract
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o E 7122 tgR 2ol AAsg WA APX isoz-
ymed] & 2 AU)95E FH57] A4 APX isozyme
0709 9 o AHMAF 250E 100 mM Na-phosphate
$ZN(5 mM ascorbate, | mM EDTA ¥3, pH 7.0) 3 mL¢}
AGAE 03 g& o838k wlais T A4EZ(27000 g 30%)
dlod FEager oW dojzl APX isozyme AlBE A7)
el AMEE m7x] —80Co] RaAsh AlEY A
FEE BSAZ ¥F02 ANl Lowry 5(1951)9) 4|
w2t FAHS APX isozyme A 8¢ H7|9EL SDSE
AQAN7 A tank buffer7} 2 mM ascorbate® T3 AL
Asty EH 07 Laemmli(1970) el wat nondenatu-
ring, nonreducing F U] A5t} APX isozymes] A
719% 4 F2l= 10% polyacrylamide gel S &3t YAAR
(10-15 mA/gel) 2 4T Azl 247F Tk FHHYch
o|w} & wellg loading A BHL 100 g T4 Phjdo] £§d
30 uL ¥92 3gth APX isozyme BAE A2 L YA
geldol A H2E isozyme bandEL 50 mM Na-phosphate
#5292 mM ascorbate ¥, pH 700 o)A 3087 FH3)
N71A(F 108vtt AEE gpdez udh) o 50 mM
Na-phosphate %44 mM ascorbate, 2 mM H,0,, pH 7.0)
oA 2087k wjgsh 3, 1E]a 127t 50 mM Na-phosphate
$3HApH 70)2.2 washingsla #|43ke] 50 mM Na-phos-
phate $+%-¢}(28 mM TEMED, 245 mM NBT X3, pH 7.8)]
50 ARAIE BAN wiAe] geldel A T4 band7}
#3449 WA & 1087 858 A7 T Z2TE gl A
Bt W& TAAAL

23 3 %

A Qojre] HELS HO, Fael st

Qo) =HRYE G540 g Fgo] A ZA8NT
H,0,9] &30z EAXo|x|™(Brennan and Frenkel, 1977;
Kar and Feierabend, 1984; Hashimoto et al. 19R9; Pastori
and Trippi, 1993), §€4 e HO, % $E7 vEo]
=4 A FrE vehlie £23 A%t €9 HOxe ¢
Y AhedZ FHEA oz AERA 3P AAHY
ZA AAHA ol AEFH FHS dodlA B FEE
A% =d|(Salin, 1988; Mittler and Zilinskas, 1991), H,0,=
ORY BEG A0z Qs G54 BAe EFAHY
NE THEAS 27 dsiA st JEg 49
HashibeS Bo AEme] stA=Y AF FA A AR
¢2+-8 4 o 71ckDhindsa er al., 1981; Leshem, 1981; Whistler.
1986; Pastori and Trippi, 1993). H:0, 2 Atizitz £33
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Fig. 1. Changes of Chl content in senescing wheat leaves
during 4 days dark incubation in the presence (@) or
absence (O) of 10 uM BA.
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(Klapheck et al, 1990). 2222 FEA S A X 279
AsRs APXE H0, AAd Qo) wl$ a3 47t
% gk

e
1.

=
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ANEZ APX isozymeo| 22| 3 Wi a4

shijkzql I dold AEE APX AH E4x =3¢
Bl AESE APX isozymed ¥ P weekls za}
et dutgez o AN FE5H BLELANY HF
APX BXEE o8 279 Hna ¢ APX isozymes
x¥aty g ALq AZHT geiMittler and Zilinskas,
1993). A, AAZ Mittlers} Zilinskas(1993)= A|EZ APX

22 913 AZL native-PAGE WS /sl 945 E
u}i 29l Qo ZAste $%4 A XEZ APX isoz-
ymes Rdgct 1nE B dYqMe dF2EGL
H0, £2)E TF 99 =3F37 DA NEZ APX
FAE ve-& A7) 98 Mittlers} Zilinskas(1993)8]

& o]gda] A|EE APX isozymed £, ZAA3sichFig
4). Fig, 414 2 ulo} o), iz oME 423Fe) oul<¥
%ok 270¢] isozyme(“a”, “b”)o] £E3}H M °|F isozymes]
A% ddtd glo] ol 144 “b7 isozymeo] ot ¥E
Hgou o F ¥yl gislen, BAR Mz® deixe v
kgt “c” isozyme2 E &3] 37k FHEATE olH “a” iso-
ymed WET Qo vl ek Azt B w2t 1 &
R} A8 dgsgon b isozymes ujck 297714
Az wgsin g B3 vk S8 EE AN
Eero] FacAdy 7132 loading® He 1T o of
23 ¥ BA Al 7dMel £ BHE= APX Fhe
de novo WHBTFE 7B APX EA9 BAB sjag
MsAe AT £ 9oy o A4 23 AL 4T
NEZ APXe A5 olgstd ddslgdoz qraE oo}
@k ol A7 BA Az TolA isozymed] BAxsh FHFFo
Z74e AT APX7E 99 =334 BEEH tifo] 9
isozymee =4 ojM 2FsE H0.9 AA 2rp 2
gehe dgse oz 449t

Dehydroascorbate reductase 4T W3}

APX7L AAT A=A ascorbaeE o} &3e HO.E
#94)7)= FA)A ascorbates dehydroascorbate=. ’}}E}%
t}. o]n] DHAR #4% glutathioneg ©]-83}4 dehydroascor-
bateZ T ascorbate® AAAT)= vle-S Zafgho 2 A g
corbate-glutathione & Z oA} APXS} 7|5 H o2 J@Hh
olgh 7+& ascorbate AMA2F) E7F F-E FHA
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Fig. 5. The time course of dehydroascorbate reductase
activity in senescing leaves during 4 days dark incubation
in the presence (@) or absence (O) of 10 uM BA.
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Fig. 6. Changes in ascorbale levels in senescing wheat
leaves during 4 days dark incubation in the presence (@)
or absence () of 10 uM BA.
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Fig. 7. The time course of glutathione reductase activity
in senescing leaves during 4 days dark incubation in the
presence (@) or absence (O) of 10 uM BA.

29" 4 988 HZ Bug v ok
Glutathione reductase EMF i3}

GRE reducing cofactor24] NADPHE o]48fe] At3td
glutathione(GSSG)S #9918 glutathione(GSH) 2.2 HEA| 7]
v ouhsg Zojgezd AW E2 GSH/GSSG ¥l&s
SANTVA H o2 At AT 7 ALY 2Ed T2
dge sl 9lgo] EiEtHSchaedle and Bassham,
1977: Tang and Webb, 1994). ¢] &A= FA|ol| dehydroascor-

J. Plant Biol., Vol. 38, No. 1

bateZH-E ascorbates A A7) DHAR & 49| Zufuh-g-of
875% gutathioned ATt FL2A APX, DHAR#
27 ascorbate-glutathione 3)2& F+4J3}1 ¢thNakano and
Asada, 1981; Jablonski and Anderson, 1982; Salin, 1988).
addue 2 99 =HqA4F APX, DHAR 4% w3et
g7 GR A=9 W3Z 28909 1 A% Fg 79
At 2ol GR BAE9 Wik 27 o3 BA AT
o BRolA g Ate A ot F7RE AR
deiigoh 2 2T delMe =4 A3} 34 &
3 B4R Z7HE Holtyl 4dAdle ZAE7] ARE
o1 BAZ AEE YoM gduld 44A7AE GR €4
=7t A% Z7tEo] dzTo vlE ddHer 52 $ES
HAFEST

o|Ad AEFUA F4E=E3] BA= AEE APX isoz-
ymed] #g §59 37 APX, DHAR ¥ GRY AA &4
%2 2AA7EA Z2AATY HO, $3& AGAIT 9
e o] e =A% Jde E 99 AXFAHE HO
A7¢ #¥std APX7} DHAR ¥ GR# 7|3H02 97
o] 2 4%2 Pk FA|9 BAA o8 zEE:
oleg dulals Ao g AZHTL Ascorbate-glutathione &
27t 4S2AN FEAe Zdd H0, F0 7|Use 443t
2E# 2 dE o] &g FYsvie o] & LA
s} 2HNakano and Asda, 1981; Jablonski and Anderson,
1982) &<, A% H0; tumover7} BT 274 oo}
Zo wrial o FTHAEY FYZ AX P HAx 2E
a2 B o7& ATdAE HO0.8 AAs: b
Ao go] ¥rEA(Klapheck et al, 1990; Dalton e al., 1993;
Tang and Webb, 1994; Sgherri et al,, 1994) ©] 2= FEH=
22 AFAdx 2AT & dgo] AdF gk 2E2FE
B 239 ZAd¢ o|g RUSEIFE HO, FHeE A%
=42 2 YoM AEDY HO, AA ¢ sIFH
##s}e] ascorbate-glutathione 3|27} 58344 2H-&3ta
ol ol 1 2ol FAL BAY I FAHE Hem
Az Ao
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ABSTRACT

The present study performed the isolation of cytosolic ascorbate peroxidase (APX) isozymes
and analyzed the pattern of their activity development and also investigated the change in
some other enzyme activities related to the ascorbate-glutathione pathway from the senescing
wheat leaves. The aim of this work is to examine the possibility that in the cytoplasm of
wheat leaves the ascorbate-glutathione pathway plays a significant role in relation to leaf
senescence involving an H,0; accumulation and then to show the effect of benzyladenine
(BA) on that pathway. During the leaf senescence characterized by increases in Chl breakdown
and H;O; accumulation under the 4-day dark incubation of matured leaf segwments; i) no
significant increase of total cytosolic APX was obsecrved, ii) a dehydroascorbate reductase
(DHAR) activity was decreased rapidly, iii) a slight increase of glutathione reductase (GR)
activity occurred. In the BA-treated leaves; however, i) the total activity of APX increased
conspicuously, ii) the decrease of DHAR activity was relatively inhibited, iii) the GR activity
increase was more enhanced, and iv) the decrease of ascorbate content and the increase
of H,O: content were retarded as compared with those of control leaves. Three isozymes
of cytosolic APX were found by using a native-electrophoretic gel in senescing wheat leaves
and two of them occwred with major activity. In the developmental patterns of cytosolic
APX isozymes, only two isozyme bands (“a” and “D”) appeared with almost constant activity
through 4 days of incubation in the control leaves, while one additional weak isozyme hand
(“c”) and a little increase of “b” isozyme activity were detected in the BA-treated leaves.
Especially, the development of “a” isozyme activity increased remarkably compared with that
of control leaves. The increased capacity for peroxide scavenging due to the enhanced activity
of all 3 enzymes (APX, DHAR, GR) participating in the ascorbate-glutathione pathway in
BA-treated leaves suggested that this pathway might play a significant role in the processes
related to the wheat leaf senescence.

Keywords : senescence, wheat leaves, ascorbate-glutathione pathway, benzyladenine, ascor-
bate peroxidase
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