B yffIZEN(J. Taiwan Soc. Hort. Sci.)53(4) : 427-440,2007

LY, > 3 - -\—t = 2 N N S = 1
CAERNEE S R ERY 2R S
Antioxidant Responses in Ethylene-induced Leaf Senescence of Chinese Kale

(Brassica oleracea L. Alboglabra Group)1

SR R 2
by

Chia-Man Chang?, Ching-Hui Kao?, and Tsu-Tsuen Wang’

UGS © PR [R5 CRE B  JTERIR

Key words: antioxidant system, ethylene, senescence, active oxygen species

mﬁl = A R pJ‘ﬁhﬁi’T{ EA(Brassica oleracea L. Alboglabra Group cv.
“Veg Gin’) 3 Jlf" mﬁUm Hw& DI SRR I G (RS A
fﬁﬁﬁﬁhé?‘ (TR~ T > I Te R A R ERYEE A | ‘fﬂcmfi‘%é‘:‘ l'“‘i_'*?’u F[:J ° f%ﬂjfﬂl
BT A TREER T 25°C§IE%GH"' J 1 ppm “&5hEl 4 = PHEEIHE FI[ o &
IR BT 3 A VB R EI@"‘FAIE%%E% AT A (2 50O 55 [ 5 (HL0,)
=72 f%(malondialdehyde, MDA)r BT CREEDRIBT 1 2 B Ji{H’r@ﬁp ) j;ﬁ;ﬂ;{\;ﬁﬁ
Ao B pUPlg [ ER ER 1Y ascorbate peroxidase (APX)-glutathione reductase (GR)
% peroxidase (POX) S HE4a [* [ L= 1 T AL 2 S S BTH T 0 {1
superoxide dismutase (SOD)Z* catalase (CAT)I[[5 BHH A (™ o F=ihifl Fe > R0
’Eu.i'g‘ < f?“ TEES A, B i’pjfjl » RLE RS TSR R F HLO, ﬁi* froserp quFI
’?”T‘IH; =[5 [ ] > 25 MDA F,é% (R S T (SB[

APX - GR ¥ POX s [“ ¥ ”ﬁ@%ﬁ’r@ﬁ[l o

CORRRL- TR e S o L AR S ST EA R E'E”"ﬁﬁ%ﬁ:% 2RI »EN?{,@B’EE'
R E S (RER AP IE[IE A = A T (trlple responses)Z(Abeles et al.,
1992) « S5 LHeR A T f: AR EE| RLET ?f“@?'IJ/I":F'J(Abeles et al., 1992; Buchanan et al., 2000) ;
DU 2 ST S PR A e L o T F(’?;, 1997; 5&,2003) <

LAV 3y~ (EH Fzr%ﬂ/ Y- iy R PR S BIREE T EW%F*J IPEASEAES93 WA -11.2-46-22(6)] F 11T - This paper
is a portion of the MS thesis submitted by the first author, The aulhors appreciated the support by a grant from the Council of Agriculture
[93FS-1.1.2-FD-Z2(6)].

2. it ’ TS 2R S ”*ﬁl‘é’“’i [l =1 ’ VIS B R T sl ’Flfﬁ kf[ﬁ%}f-ﬁf'}fﬁ;(ﬂ% {E5#): Former graduate student,
Departmenl of Horticulture; Professor Department of Agronomy; and Associate Professor, Corresponding author. E-mail:
tsutsuen@ntu.edu.tw, Department of Horticulture; National Taiwan University, Taipei, Taiwan, R.O.C.

3. AYH AR S = E[ T FHSE] o Date received for publication: Mar. 08, 2006. -427



428- 2O ROE A =E 0 T

AU RLE A ) AR g PO FR T ALY AR U R o kL e
JarE A 143t (programmed cell death, PCD) (Buchanan et al, 2000) - % 4 ¥ ['“‘KETF&F? R - iﬁ_lf[lléf Bl
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buffer (150 mM > pH 7.5) » 0.3 mL MgCl, (30 mM) > 0.5 mL oxidized form glutathione (GSSG » 3 mM)* 1
mL reduced form nicotinamide adenine dinucleotide phosphate (NADPH » 0.45 mM)#*7 2t ET F",f‘ﬁ =
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mM) > FF 5 Fh F",f‘ﬁii BN D - Fit el [*1‘7E[H—470 nm V[0 (A Agg) IE_AYE”EEEFIEE 155 1 556H > A p
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SOD "/?Fﬂ‘[‘iiEﬂﬁ—ﬂ‘i\*ﬂ Paoletti et al. (1986)7F 3% o TV 2 4 Ti MHF“g”E‘(ﬁU”ﬁﬂ'ﬁIﬁHI » I'} 3 mL
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mM /50 mM, pH 7.0 )» 1 mL B-mercaptoethanol (10 mM) #+7 5t F“ "*3 i o PR e U |
340 nm Ik [ (A Asgg) |ET7E[]E$ MES 10 5364 5 IR 0.2 mL HIVRE rﬂa”&[* TERF Uk -
PRI P unit)hL | 5 10 5564 SOD f]fjl NADH %™ 50%fi9[-k (i~ £ (AOD) -

e 55 A |[EE3EISE F | Sigma-Aldrich Corporation, USA.
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Fig. 1 Changes in readings of SPAD chlorophyll meter of detached leaves of ‘Veg Gin’ Chinese kale
seedlings treated with C,H4 at 25°C . Data represent mean * S.E. of 10 replications.
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FJRET 5 (A 1 ppm &A% AR T BER A i 4 Sl ] 27 SPAD (il B B (Y
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- J#ﬁ%ﬁé*ﬁ il
= TREEES R H0, R VR

-

20 -

SPAD reading

—e— Air
10 - —o— C,H,

100
—e— Air (B)
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Fig. 2 Changes in readings of SPAD chlorophyll meter (A) and yellowing index (B) of detached leaves of
‘Veg Gin’ Chinese kale seedlings treated with fresh air and C,H, (1 ppm) at 25°C. Data represent
mean * S.E. of 10 replications.
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ﬁ%‘]' 3. ﬁ"? %LF'I FUBER A T 25°C N I 2 REE ARG ppm)EIELY S VS BV [
Fig. 3 Changes in protein content of detached leaves of ‘Veg Gin’ Chinese kale seedlings treated with fresh
air and CoHy (1 ppm) at 25°C . Data represent mean * S.E. of 5 replications.
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[MDA] By~
Fig. 4 Changes in HyO, (A) and malondialdehyde [MDA] (B) level of detached leaves of ‘Veg Gin’ Chinese
kale seedlings treated with fresh air and C,H4 (1 ppm) at 25°C. Data represent mean * S.E. of 5
replications.
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SR 6 A R 9 MDA (Bl > B | SIS R 4B) - SR
MDA & Big B o [ 3E AR H 1L R A 5 [E AR Y MDA f,i? FITF R 5% 2 SRl T
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air and C,Hy (1 ppm) at 25°C . Data represent mean  S.E. of 5 replications.
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Abstract

The purpose of this research was to study the changes in enzyme activities of antioxidant system in
excised leaves in response to ethylene, and to find out the relationship between oxidative stress and
ethylene-induced leaf senescence. Plant material used in this study were the second fully developed leaf of
3-week old seedlings of the ethylene-sensitive ‘Veg Gin’ Chinese kale (Brassica oleracea L. Alboglabra
Group). Incubating the excised leaves of Chinese kale in dark at 25°C in the presence of 1 ppm ethylene for 4
days greatly accelerated the process of leaf yellowing. The ethylene treated leaves, in comparison with the
air-treated control, had significantly lower chlorophyll and protein content on the third day. The hydrogen
peroxide (H,0,) and malondialdehyde (MDA) content started to increase on the 1% and o day after ethylene
treatment, and were much higher than the control. Specific activities of three antioxidant enzymes within the
plant’s antioxidant defense system: the ascorbate peroxidase (APX), the glutathione reductase (GR) and the
peroxidase (POX), all showed significant increase after two days in the ethylene-treated leaves. On the other
hand, the superoxide dismutase (SOD) and the catalase (CAT) changed very little in these leaves. The above
results suggested that in excised leaves of Chinese kale, ethylene induced their rapid senescence first by an
increase in H,O,, which caused an increase in the lipid peroxidation of the membrane systems and resulted in
the accumulation of MDA. When the oxidative stress progressed, enzymes in the cellular antioxidant system
including APX, GR and POX responded by increasing their specific activities.



