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ACC 1 - aminocyclopropane - 1 - carboxylic acid
AOS active oxygen species
APX ascorbate peroxidase
AsA  ascorbate
BSA bovine serium albumin
CAT  catalase
DHA dehydroascorbate
DHAR dehydroascorbate reductase
EDTA  ethylenediaminetetraacetic acid
FW fresh weight
GR glutathione reductase
GSH glutathione, reduced form
GSSH  glutathione, oxidized form
1-MCP 1-methylcyclopropene
MDA malondialdehyde
MDHA monodehydroascorbate
MDHAR monodehydroascorbate reductase
NADH nicotinamide adenine dinucleotide, reduced form
NADPH nicotinamide adenine dinucleotide phosphate, reduced form
oD optical density
POX peroxidase
SOD superoxide dismutase
TBA  thiobarbituric acid
TCA  trichloroacetic acid
Tea-Dea triethanolamine - diethanolamine

Tris tris (hydroxymethyl) - aminomethane
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A i w ity iz fp ks (triple responses) % (Abeles et al.,

—\

‘l*:\'.

1992) %t 5 #&E & @ LRy iaEE X gF 2 77 (Abelesetal,

\\\

1992; Buchanan et al., 2000) ; 7 4% s # 312 &7

2)
“#‘r«

P el
RAEE F 2 § 1 (Saltveit, 1999) -

FAEF 2 Rehz a3 ER XA ERFT D me R D
FEEC s Tad B @i aniwre po{7 @ f2:84% (Buchanan et al., 2000) - # %

L EEF - B AR de T AR R TR - EH 2R

DNA & RNA 3 @A+ F 25 X% AL wme - (Taizand
Zeiger, 1998) - 37 % F]F fR g iR F B B4~ E T 2 RN hihp X
B (aging) ~ ks ~ R F 0 2 M ASOBRBR T ARG 0 B2 A4
(detachment) ~ 525 ~ 5 fFj i3 ¥ (Nooden, 1988) » & im®z chk & > P &
FIFAEWREAE S it v §22pd L (free radicals) #734
#eh3F i (oxidative stress) 7 B (Leshem, 1988; Thompson, 1988) -

F gy Adpmre pE I (active oxygen species » AOS) #tim ¥z
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*F ABHEARY Pl 24 e SHPA 425 pd A& (superoxide

radical » O% +) eh# 4 £.d 3% O, 4k 4% 1 (photosystem I >PST)
1T F AT @ R g OF - B E_ ubiquinone hF B R4 B At
& (Buchananetal., 2000) - 4 2 p AOS 13 4 &2 4 % % 3 H 42wk

BEPF > € H3x AOS ek A 542§ 1158 (Buchanan et al., 2000) - 1&

L et s (biotic) 2

F_*

e e ¥ A2 EHRTRG R AOS &
L4 o4 (abiotic) B AricE: Rk~ L3 B L £ B ER
B~ AIG :;gaﬁ_% Fp o e poch AOS 7 € ~ &3 4 (Hodges and
Forney, 2000) > I P ¢ 3 £ & 4csf & i (Philosoph-Hadas et al., 1991;
Bartoli., 1996) > %] AOS 43tz &g * & it g 4 5 B (Dhindsa et
al., 1981; Philosoph-Hadas et al., 1994) -
e P) I AOS 2 g A & fli & d 7 b efrg 1
P2 - Ly CEERTES oy C P e KRR ERB RGOS 0
=7 Pk e f& (ascorbic acid) ~ B & iy ez B4 *X (glutathione, GSH) -

_‘._1—4,..:.‘

a-2 % f= (a-tocopherol) % #F#* % § % (carotenoids) % > ¥ ® #&if 'k
mie A mie e chp d Bk o ff Vg R ARG FUs fRiBS U pE

(Ascorbate peroxidase, APX) ~ if ¥ i z fi= (Catalase, CAT) ~ #x ok + xR
f fix (Glutathione reductase, GR) ~ iE ¥ i fis (Peroxidase, POX) % 4z ¥ L

it f*= (Superoxide dismutase, SOD) % (Buchanan et al., 2000) - iz % %
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TUEREAD AR RBBE 7 “f » 4 SOD ~ APX ~ CAT ~ POX
£ FEpFEERARF LA T ERE L HE 0 4o GRo

AREFES AV ECAGRAEECERY IR 1 L R
Fe2 B AT - o ki B P-hi ¥ 548 ‘Spokane F1” ¢ - #
APX &t & it g e ‘BJ412 Sponsor’ &-fd 1K 5 e w —‘]5‘ e CAT &
SOD /& # B (Hodges and Forney, 2001)- & % 3 8t 4 &-f& Deccan 103
B8 4 s X 3342 ¢ o Ly CPER AE P EICEARY G B R
Deccan 103 <7 Mn - SOD isozyme - ® j4F# % %1+ (Prochazkova et al,
2001) o 4% R J2 € 4vid RAGE FE T o M H,0, NP MR
(POX ~ CAT ~ APX ~ SOD) & (1 » 1996) o i % % "% j2i¢ 5 o
3% & B 5 watercress ~ paresley ~sage = f& ¥ S 4% % ¢ > paresley
e CAT ~ POX #itd % @ B ki 4 &7 (Philosoph-Hadas et al.,
1994) « F]pt > 2 P EAEE P A L pF s HgRF L p A aF B
PR
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it (senescence) . 4 FH T ALE P 0 BSR4 R B o K4
PARmEa G o fEl bt EF T RAY > BHP IO L S R

b

Bl M A fRR S e g BBrA 2 H A A0 g a4 RS F

Eo i LE P ET AN R T B B e
% {7 # f2iE 42 (Buchananetal., 2000) - ¥ % € FpE ¢ g ¥ - i @

BilnAd A G % BB AA TR e R R 4 P
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AT R dew R R A R8T B
6 e A S ESEFBRS 1R EEY g - DNA & RNA %
BOAFFAEG R K%L w% = (Taizand Zeiger, 1998) -
- RESECYUESRES () B9 7 2 FL 4p1 (Thomas

and Stoddart, 1981) -
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5 EF AN g R E S B
(aging) ~Fds ~FFEF 0 F2 P ATRBEFFAo2 B o A RS
(detachment) ~ 525 ~ 5 fFj i3 * (Nooden, 1988) = & tm* chk & > P &
FIFAEWREAE S it v §22pd L (free radicals) #73
#eh3F 1L (oxidative stress) 7 B (Leshem, 1988; Thompson,

1988) - F HF it Rl EF A P L Eo



e (CoHy) - A RALhf SEFFEY » FF IR %
B AVERET Z & BraanfiE fre o hjpd o &
FTERTEEELE NG IR REF I ESF L L8

BEH R AT EAFT SR RAEE P X

IR
s}
=
W
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e

v % g ez 48 F J& (triple responses) % (Abeles et al., 1992) -

(-)% TP e L &2 T T 4]

R che 4 £ A RGES LA Yang < (1985) * H A7y M
rRa (Bl 27 5ig Bk (Methionine cycle ¢ Yangcycle) * -
& 3 em 54~ L-Methionine 5.4 AdoMet & = f# (S-adenosyl-L-
methionine synthetase) it g g &2 ATP %% % 5 &1 jg e S-
adenosyl-methionine (SAM) » £ 5 d Ri4Elipt 2 ACC & == (1-
aminocyclopropane-1-carboxylic acid synthase, ACC synthase) #- SAM
w% 51 % 4% ACC (1- aminocyclopropane-1-carboxylic acid) £7 = &
A 1 methylthioadenosine (MTA) - ACC 5 ¢ % = T Sgtr > £ - %
i ACC 5 i*p¥ (ACCoxidase) i#% 52 % » ¢ )= prs ¢ 4 2
CO, & HCN - /[ 3842 ACC ¢ 5d ACC N-malonyl-transferase # %

% N-malonyl ACC p77 afe s~ p » @ MTA ¢ £ 54 Methionine



Promotes ethylene
synthesis:

Fruit ripening
Flower senescence

I1AA
_ Wounding Promotes
coo Chilling injury ethylene
Hcl— NHE Drought stress synthesis:
| 4 Flooding Ripening
CH,
| Inhibits Inhibits
s CH, ethylene ethylene
| synthesis: synthesis:
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: 0 o
H H
H
| i;‘::’hﬁgﬁlslz’: h HZC\ /NH; ACC oxid
] e ACC synthase oxidase s
A YANG CYCLE (AdoMet) o | S =y FRT
NHY HoC Co0” 120, CO,
CHy— S —CH, i Ethylene
CH3— S —CH, —CH, —CO0—COO™ o 1-Aminocyclopropane- HCN
w-Keto--methylthiobutyric acid Adenine 1-carboxylic acid (ACC)
HCOOo™ ﬁ ﬁ Malonyl-CoA
2-HPO;
5’-Methylthioadenosine
0,
CH3—S—CH, o CH—s—CH Adenine C'O*CHz*COO
o, PPOsH . H,C NH3
e
H C/C\COO’
o O o 0 2
H H ATP S H H N-Malonyl ACC
5'-Methylthio- 7 5 Methylthioribose
ribose-1-P

Bl c%2d &~ Eef @k
Fig. 1. Ethylene biosynthesis pathway and the Yang cycle (Taiz and Zeiger,

2002).



cycle £ #7#H % = Methionine (Yang, 1985) -
Pan¥fte A EARFIE RGP P EPIRE e FARE A2
Boend fido gt e YideR AR 2 BE R Ao R X T 0
FREAMLBE S RIS R2PE TE R & F A SR A
T M e AR (ethylene receptor) Kk f FaRs ¢ Fi g
EAFrA WITH HEI > ¢ F 4 0 2 % o Bleecker % 4 (1988) 1%
Btz ERBHL FARE AL ORTRES B RRD O RE
BAELAE R A E P e L2 B BRI REHRY &
k& IE ApM A FNLIE RIS A @ PR A TR R IR

a2

ErPoend R At en T o ARG 5 £ E 0 2 1 AR A F] ek

&y

EiEd JpR AT A P MGEA L B o2 (SR AR R
& k¢ g g 4 e ETRI (ethylene receptor 1) % % 2 %] (Chang et al.,

1993) @7 e f* B MY AW FAFIAYF LG B G E TN A o
R F-d 5 o L 48 (Chang and Meyerowitz, 1995)- 2 4 5 &2 2 4

Wi

—

-

sAFIEY FRCGFIMAZ R EEHE A B P MES Y

LM eATRE R 0 Flm RHEd 2 L e enB g o



LA RN A E R XA VA S fE (F,1994) 0 K- fE
%% A faz % > 4o-k 4% (Kao and Yang, 1983) ; &

SRR AR B LR %F AR doar X e & (Aharoni et

F & (Warman and Solomos, 1988; Kao, 1992) -
HiIgEETaT e EF AR ET %5 2 % (Buchanan et

al,, 2000) - *h 4 e AT \Fa oA FE

"V—

A AR S B
i# % 1 3R % (Aharoni and Leiberma, 1979a; Aharoni and Leiberma,
19790) o (ks BE B e F B IR L E S FE R 0 H
ACC v it %% 4 2> 1 AVG ~ AOA -~ Co™ r CO, $2 %4 &
SR A R Fepl R ALK AS E R 0 4 LY ¢y
o Fptdathe VB E Y £ 2 7417 B (Kao and Yang, 1983) -
vz W 0 Aead e N Ry TRE R aE Jfok it g 4 (Kimand Wills,
1995; Hodges and Forney, 2000) - & % ¢ ¢ & & % ¥ 7 nucleotide 3
“e > 4o ADP~ATP ~UDP £ GDP - H ¢ ATP e 4o daip| ¥ av £ F

B PP g s HEiFE P2 a1 7 (Warman and Solomos,



1988) » sz B r KR E R kL FY AHEHBS AE ¢
Tl TSR JIF IR e Ape & o

Fl* e G F RREWEUE e el R gEr o5 e d
FEE P BAFOHICEHARRT EE PR PR R - A F
3 (Pictonetal, 1003) « £ & § 305 i E ¢ ¢ o F S A kR
ACC 3 itpseni LE # 4 (Johnetal, 1995) - = &#r4] ACC % i
Vg P mieenk E 825~ (Johnetal, 1995) - A3F S ¢ > B
BALLHIEA - AR RE SRS LSRR LR ACC & S5
TAREE T L 25 EELP (ohnetal, 1995) » P ¢ it
AT 2 o o R g & H e 4 2 5 %2 (Pennel and Lamb,

1997) «

(2)1-MCP & % % i 2 %
Rifpe fd g rhfFit it o 4 2 P 2B 30 hd plae g S 4
Flo G iew chp cho 1R 7 A2 fhfr F(L) #rdle A g
#r#4] ACC synthase (ACS) ¥ ACC oxidase (ACO) # % > 4= AVG dr
AOA 7 ri#r4] ACS /&4 » Co® ~ Ni** 4= p-chloromercuribenzoate -
AIB ( a -aminoisobutyric acid) ¥ 2 #r4] ACO E 5 (2) # £ &% "% M=

oGP 0 1T E (2 H) £F W RS G on (B4



L
CH, L, CH,

| l
I+ X-M-1L, I M-,
CH, {3 CH, j_
Ethylene
o "
@'+ X-M- L, —*== @-I\I'I—LZ
|
‘ L3 L3
2,5-Norbornadiene
— I“Jl
Q:N:N + X-M-— L2 —_— @:NZN
— l —
diazocyclopentadiene L3 diazocyclopentadiene L
{-'1 }.,
A +X’IIVI"L2 = ﬂ "NII—'Lz
CH; L, n, L

3
1-Methylcyclopropene

B 2. ¢ % 1T % FrdlH 2,5-norbornadiene (NBD) ~
diazocyclopentadiene (DACP) ~ 1-methylcyclopropene (1-MCP) %

Bk g v & 4= (Sisler and Serek, 1999).

10



Bagn) B ¢ o kR () Frdle e rdle e

a

< A

‘3\\-

& o e e Frd|# CO, ~ 2,5 - norbornadiene (NBD) ~ STS
(silver thiosulfate) ~ diazocyclopentadiene (DACP) ~ 1-MCP (1-
methylcyclopropene) * Z ik #5 i & 4+ (@] 2) (Sisler, et al., 1999) -

A

>‘1 a

1I-MCP & - § i e % (e % Frdid| > v 22 5=
(affinity) #2 % & 10 &0 o & RSB R B L XA S Pl
po24 et B b ehi®*  (Blankenship and Dole, 2003) - 1-MCP g = ¢
Fib o RS ¥ TS > B R4 5 EthylBloc s H A a Y 3T G 1
fef > Bt 5 SmartFresh = & £ WM ek £ fe i ¥ hid &
(Blankenship and Dole, 2003) - 1-MCP | %= & %5 & - 2 “E HA” > 5 ¢
Sk FakY A ad mrken I-MCP 5 %8 o 8k ™ >
d FHAM R Exd I-MCP + 2 & 20-30 A48 > FHEFAERK

FEREFEFI 2% 3P 2 FIE 24 ) 1S > 1-MCP ik
B F1EEA4a U3 (BCT)1-MCP 2w i frd|s % (parsley) # %

GREFHFESF LR Eg L Tu

L

\»g,‘.

ck'

% A8 L 4y

i

»z (Able etal., 2002; Jiang et al., 2002) - & % = it 5 =% » 12 1 ppm
1-MCP 2 s e pra>s 5C H B¢ > i@l v d ke 167 % &
£ 7] 60.6 = (KuandWill, 1999) > & pFre 7 12 % 4 ed ex 5 29 podf e

4 Z (Fan and Mattheis, 2000a; Fan and Mattheis, 2000b) - # = ¥ B &

11



10C #&u P 12 % > 2 %mBHE Y ¢ F LT 5 o I-MCP 3Ra dri] § 1=
EHE S L pEE e sig X (Fan and Matthesis, 2000a) o % 14

1-MCP FFAJZ2 t5 f AJLe % » 7 U 1k ¢ I sfi b wsk v chg 3
B M Ao fE P B B R Wy T eng B R Y R

FopilfEeneit 2T (Sereketal, 1999) -

fd A Edn- A7 B b bk

4
g
4y
b
£
4y
P
5
4
e
K
&

FELF A 2HET 3 (unpaired electron)OF BB 2R+ fETpd
AoXaipde §RBAHTL I HEHE- BT RS- BT
FHOETpERTIRE AL R F IS F GRS TR F B
Wi a@a s o B2 pd A A4 (Salin, 1987; Thompson et al., 1987,

Halliwell, 1994; Dat et al., 2000) -

FAF REESFTLEOAFESFRETY DRI ALY P KKK
TENAGET AT (0,2°0, A L M) BhAEF R S
PR EAB o F 2B F RS F 2T SR Y

SEMFASET IRk E D F BT TR avp A (free

radical) - &1+ % (active oxygen species » AOS) srfe s & #5425 A d A

12



(superoxide radical » O,) ~ @ % p d & (hydroxyl radical - « OH) ~ iF %

“ & (hydrogen peroxide>H,0,) % % (Salin, 1987; Thompson et al., 1987;

Smirnoff, 1993; Yu, 1994; Alscher et al., 1997) -

25 pd A& (O)) AEF Ly pd Aod 3 o3RRS KDE
PEF-RFIRRF BB A o O LRI ERE (2-4ps) F
fadiise o — ke aF 2 A fd 4o histidine ~ methionine ~ tryptophan %
AL O F i hwme kB P 0 O) 3 A seFiwmre sl iEs
e g = H 3 DNA %74 (Salin, 1987 Thompson et al., 1987,
Smirnoff, 1993; Yu, 1994; Alscher et al., 1997; Dat et al., 2000) - O, & %
R d R BT e e R s T B TR RS
Wwie i B H B RN R Heled A md TRH > 2 Oy ¢
Faftern AT EL > Oy - L A2 REFSIBHEF AL
40« OH~H,0, % H s Ek3 o

WwE t3 (HOy) A3 A+BRa kenk P efi- 2+ ERF
oz B A f > TRPRE AIms) &2 O - ¢ &3 Aiwmie < &
Feniid o f¥i G SH AMA T o GAEEA S L d R

(Salin, 1987; Thompson et al., 1987; Smirnoff, 1993; Yu, 1994; Alscher et

13



al., 1997; Vandenabeele et al., 2000) - ¢ ** H,O, 4 F+ 4FH > ¥ d & 4
R i R R e AR B s ke H)Op, Hiwmeeni £ 3 B §
sl tsgpd A3 P %h «OH 22X o Fwmeph 3BREER
(transition metals) Fe & Cu pF » H,0, 22 O, ¥ ¢ Haber-Weiss &

Fenton »~ j&2;= « OH:

0, + Fe**(Cu*") — O.+ Fe**(Cu®) (1)
Fe?*(Cu")+H,0, — + OH+OH+ Fe**(Cu®*) (2) ............ Fenton reaction
Overall : H,0,+ « OH +OH+ O, ) ............ Haber-Weiss reaction

i5pd A (COH) E5 43 BR i -kehF ? Bt AP ZEH
U OEM RGBT (EEY <Ims)r A s oa S i 4 i (K
>100 M7s™) » $imve N M A B FE 0 doded FA T R it
AR B AR TORERER A fF0 AR DNA R%2 A4 7
Bigs it iv* (Salin, 1987; Thompson et al., 1987; Smirnoff, 1993; Yu,
1994; Alscher et al., 1997; Dat et al., 2000) - {& 4= m*& p & 7 £ 7 ;ﬁt% L
A ARehpEE s> F cOH 5 A2 chi %k ¢ Hikimie 5=
(Vranova et al., 2002) -

ARF ey AR R 3 2 B e G PR T OLIT S
L@ EPF (Vranovaetal, 2002) » « & w2 X 3| b %op B FR HPF
{4 B & ek 2 2 ¢ £ 7] dipheylene iodonium (DPI, NADPH

14



oxidase #r#|#&[) ¥ SOD #r4] O, 4 =@ X e (Jabs, etal., 1997) -
H,O, & menadione (O; A 2 4 F) ad® 1 F % € 3 Faf & 123 4o
(Prasad etal., 1994) - UV-B 2 ¥ £ ¥ # ¥ PR-1 v Fing 24 >

£ AOS % %4 (Greenand Fluhr, 1995) - & Auxin % # 243 2%

ER

w4 BB HAE AOS 7 B (Jooetal, 2001) o p 2 2 ¢h 4 HO,

> BAXE v L EsE e ) (Cuietal, 1999) - {5 47 fmPe ¥ g 14

wp

FEOpFER AL BELS T MkR AOS T R EA TSR
FPRRBRBEOF B BERRFAF w0 M BEE &4 nT

= > AOS fimre p ek B 2 X P B et i (Vranova et al., 2002) -

(2)EHsy 2 XA
AOS T4 imos — B INBEF LA » 1L B & 4 chve BRI F 548

(chloroplast) ~ # % 4% (mitochondria) ~ i % - %2 (peroxisome) ~

glyoxysome - £ % 8§ _+ 304 AOQOS i & & 4 %2 B » § FHELIT* X 3

-\

L4 > NADPY 27 T 5§ A3 ek k% T (photosystem
I PSI) =733+ A4 0O, (Vandenabeele et al., 2000) - > 42 %8 7 O, B
#_ ubiquinone =% i*:® R £ B #t3 (Buchananetal., 2000) - iF ¥ i 48

2% glyoxysome ~ ¢ 24 AOS> X H J:iFF i* & o 774 {3 cfds

# 5 pF > glyoxysome ® g F (lipid) v 5 d p9spc (fatty acid) &0 3

15



-oxidation {- glycolate #% » A2 Bkt g4 175 %5 2 L2 % o if
5w d k3 it iv* (phtooxidation) @ it {7 sk efex

(photorespiration) % * i £% ¢ ’%‘gé glycolate oxidase gt » #-
glycolate # % % glyoxylate 7k & ¢ &5 HOp cffic o ¥ ¢ > fmve
Bt M % T jEd e kRl g § fs i NADH A4

O, - 4 % E=} e amine oxidase ¢ #-- ~kd § ARF L {S €A
4 H,0, (Federico and Angelini, 1991) » % &> m#e 5 + &7 NADPH
oxidase ¥ M #- O, it 5 Oy t5 £ d SOD :hit# » flmiz k2 #
Oy #% 3 HO, (Neiletal,2002) « £ 4+ &% %4542 %2 £ S8 /T
¢ o d ACC ¥d ACCoxidase ## 5 ¢ penid e iffzy »» 3R 3

F %2 (Yang, 1985) o

()il f 2 E ¥ L0
@~ 1955 & Harman 3 1% € p d R 324 (free radical theory of
aging) > 325 F X A F ¥t § i A he § A0S A

i.ﬁ’)}’f—"\—i mrz o F L BRROOBR LR € 3R AOS R4 AOS

FREBRS 2 o p o di £ 8 &4 wre oy Jorig
Fenigp 3 o 5142 F 5 (oxidative stress) (Buchanan et al., 2000)

AOS tfidrimme it ¥4 EHmE T 585 a (240 uMst 0O, 2
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0.5 UM H;0,) - % 1473188 73F % 4 3=+ (biotic) =

\\4-
\‘|"
\4-

1+ (abiotic)

FESHEPRYOT F Bifdat e, g2 Bix3
FELFREAFREY T i we Y B
5 € (240-720 yMs™ O, & 5-15 pM H,0,) (Dat et al., 2000; Hodges and

Forney, 2000; Polle, 2001) » # 3 # 5 4ci# % v (Philosoph-Hadas et al.,

1991; Bartoli, 1996) e sk ¥ £ ¥ ek it » T it A d AR FES AL g H

# ¥ - (=% (lipid peroxidation) > #]}* AOS Arini &2 E » X135 M

(Dhindsa et al., 1981; Philosoph-Hadas et al., 1994) -

(F)a g e 2R EHM G
o E SRR 0 dmfe sl Re N 2 il B4 (membrane

permeability) € #c%g » @ o SR F PREF S FE S - F* (lipid
peroxidation) 3 # (Ferguson and Simon, 1973) - *3 5 iE ¥ i £%* 48
P lmie X L iFARY £ & 04 1@ iT* 2.~ (Dhindsa et al., 1981; Kunnert
and Ederer, 1985; Thompson et al., 1987; Strother, 1988) - % X7 % ~ 7 4%
fefyinpc (polyunsaturated fatty acid, PUFA) ¢ » % & 5 & B & 424 ¥ -
7 %% (diene) 2 #:2¢ > e fEHi2 54 Lipoxygenase (LOX) fgi- f

ZME VRN EHE PR N By o3P A Y CF RA R
J * )ﬁﬂ' $ * )
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p o Z lipid hydroperoxide » @ % "3 5% i* F J& o " HiE 3 i & -
BRHF o §AAL [0 Ao B KT o ES
it £ B ehBf2A S 5 [ = fF (malondialdehyde » MDA) ~ & %z ~ &
Moo EE i G L aomd ARF AR § ER e R R

(Leshem, 1986; Zhuang et al., 1995) -

o

BRG] FE R S E PR N R e (T
* A MDA Z E ¢ FE P E 1 A2R H 4@ 3 4 (Karand
Feierabend, 1984) - . EopESTY > MDA Z £#&% > @ SOD
2 CAT #ir3 T2 R % (Dhindsaetal., 1982)- %3 B i ¥ 1 % 433
5 Ad pd FA#ril4de (Dhindsa etal., 1981; Thompson et al., 1987) - i¢ *
pod A “’T‘ﬁ?' # kit GSH 2 sodium benzoate &2 v af £d MJ

(methyl jasmonate) % -k f*r 4 # & e (82 MDA % £ 3 4o

(Hung and Kao, 1998) - # jxts chFl & & p a4z > H % ¢ o

i
\av\
che

LA HiE g L iE 4 B oo 10 ppm 2 -{ﬁ/@gg hERERE S ESR S
iR Y g e MDA 2B AL 2 R hp d A
hydroperoxide (Yamauchi and Watada, 1991) - /¥ X & g ¥ X i iF 4%
DB L EYEESE ey TR L MM % (Meir
etal,1992) o d *3F S P Ap Mt i F LT AE S XL ERY § 7

T A o Flt i i it A5 MDA 2T kg T pE X

18



iR gtk 3 s 4R (Hodges etal., 2000) -

NS % BRI N A S LA B
(- )4 2 g 184

Bl Al wmie? o AR EAFTAS - BEEY L FRAR
FAAUHHE we 2l G oM G - R AG RF R LR i

ﬂ“* ey Blmre ho 2o R A 0 A& d 2LpEZ A (non-enzymatic) 1
iy it # (antioxidants) % - &A% % 4| (enzymatic) w3 i 2
(antioxidant enzymes) #ti= (B 3) oz ‘4 & Z KA E QR M
Ao d80 Fuifl i (ascorbic acid, AsA) ~ 3B R i gk rx
(glutathione, GSH) ~ a -4 5 fi= (a-tocopherol) % #g+ B § %
(carotenoids) % » ¥ ® ze,%‘* mfz BTEv nfe oY g d L o dg L PR
1% Pk fhiFF i fr (ascorbate peroxidase, APX) ~ iE % it & fis
(catalase, CAT) ~ 3%+ *<:8 J f* (glutathione reductase, GR) ~ & ¥ it fi=
(peroxidase, POX) % 4z ¥ #L i* & (superoxide dismutase, SOD) %
(Halliwell, 1974; Buchanan et al., 2000) -

SOD (E.C. 1.15.1.1) B A i te$ § v¥excing #8487 » PiFirdlim

¢ i superoxide z £:74 ¢ -SOD &g FfEtwicd > REHA kA
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Ascorbate l

AAA

Monodehydroascorbate |

20

Ke

Bl 3. 43 P kA
¥ i

Fig. 3. Antioxidant defense system. (Buchanan et al., 2000)
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77 2R £%H A CuZn-SOD 21 & 5 A 4 ¥ e F > Mn-SOD i
LA TY Fe-SOD F 3 aftifFF £ ELNY - ¥
A A EME e O o € 5d f P Ik RhaE - s SOD
ff#d Oy st 3 O & HOp v Ik fd ghiB— Hhend = o
e RIg b pEE kALY g CAT (& 30 iEg Y4~ o FE e 1 5 Tk Y
) S POX (& B3t im e BE s e W~ w2 T2 His P T~ 3 F A
B~ e B0 B)  APX (A 5w S RS E SR hé ¢ B4
Fiftha ivs2 %8t H0 - CAT (EC 1.11.1.6) €4 4 heme dw =
HWEE% > % &t peroxisome~ glyoxysome £ - & 7 5 & 4 H0, pE%
(glycolate oxidase) =%z ¢ o fd SOD gtitm ke HyO, € { -
W gd CAT iv* 2H,0; —0,+ 2H,0 0 i3 e 7 & F] HO, R @
14215 2 o
POX (EC 1.11.1.7) » £ heme iifchdv  » #Tii hF i &
AH; + H0,—~A + 2H,0 - POX £ 3 bk # R HEAE R (isozyme)
3 & ¥ #- indole- 3-acetic acid (IAA) ¥ it &z > 3 £ P53 ACC
oxidase fi%% # it - POX % TR “f H,Op et » g ~ T %
FEFY oA FIRE G peroxidase-hydrogen peroxide i 5ts &3 Hy0,
BEREFRTOGRT > ENESE a AT 2EESF AR R

(Yamauchi and Minamide, 1985; Yamauchi and Watada, 1991) -
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POX H @ 4|* ascorbate % &~ &= < APX(EC 1.11.1.11 > & iw
Blmie F o~ W VAR RS ESHPA AT EEE) ) L F

% H)O, ehF Ji » #2 GR(EC1.64.2: & 7 rimPe R E %) -

\\\?{y

%43} Halliwell-Asada 5% 2% & 442 5 ascorbate-glutathione i
% (Asada, 1992) - APX 41 * ascorbate & & &= > # H,Op & &
-k » @ ascorbate P|## % = dehydroascorbate (DHA) &
monodehydroascorbate (MDHA) - MDHAR 7~ % 12 p 2 F i & %‘g d
MDHA reductase (MDHAR) it £ 4 % ascorbate; DHA ¥ 2 p % ~ &
£ %‘g d DHA- reductase (DHAR) fe.it £ 4 5 ascorbate - DHAR it &
7 & GSH - i > & &ié GSH # 3 i 5 ¥ it it glutatione
(GSSG) - GSSG £ s d glutatione reductase (GR) =higit & Ji » F PFij
# NAPH £ 2 5 GSH- fuf @4 s &% 7 § 1345 AOS: k¥
¥ e+ 48 4 e b ascorbate (ASA/DHA) ¥ glutathione (GSH/GSSG)

¥ aix® 3 LB RHK i (Buchanan et al., 2000) -

(Z)EF 2 B g LR AR AR

3

B & E P X X E (Rumex obstusifolius) E R * £ i pF > MDA 3
EH4e 7 £.SOD & CAT #HR T HRpd AAFHH B TiE

F IV 0Er g 4 > B e a2 (Dhindsaetal., 1982) - % i dr & &
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Al FELAGRFEEERY Ry R R EEART -
4o b i B ook B 48 ‘Spokane F17 c APX Bt i R en
‘BJ412 Sponsor’ &-#& i ; xg,'a——‘gfm CAT £ SOD #1# % (Hodges
and Forney, 2001)- % s 8t # 544 Deccan 103 £ % 4 %48 X 3342 i3
Lps% A F ¥ £ L4 $5% H# 4 - Deccan 103 ¢ Mn-SOD (SOD
isozyme) — ® #FF E1E (Prochazkova et al, 2001) o 4% K k2 € 4vif
RFSE PR M HO, A3k p% (POX -~ CAT ~ APX ~ SOD)
Al (R0 1996) e ok R A AT E Y AR BB AL F L
BpE > CAT & SOD ERRMBEK S X E g g2

(Hurng and Kao, 1994) - £ & & 5 j& & d -] 3|+ & & 5 watercress>
parsley>sage = f&+ @22 3" > paresley 7 CAT ~ POX #1-5 3
@B Rac 4 & (Philosoph-Hadas et al., 1994) - ]}t » 7 e fsgeniE & A
it Hing P ERHIE BET AR

SR AT AT AR R R R Ep, o B
ARAZVURAIESLFHER 2 T EAR S £ AR CulZn
SOD g% &t » {3 B kA2 MEmF L5 b4 R (Sen Gupta
etal,1993) - v FHE AR E IR Mn-SOD v n A T B EMEF 4 &
Fooom XV UM ARt X on izt S (McKersie et al., 1996, 1997) o

AR ORES PO APX AT I AT ER? @A RS
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S | R ack o FEX R EE GR ATET G H

= 1 v enguld (Creissen et al., 1996) -
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brper s
-~ R AT
AES R LA SR & (Brassica oleracea L. Albograbra
Group cv. ‘Veg Gin’) &+ & @&+t o #ffE+ 1 fa+ & -k 1:100 (w/v)
gt bl 20C EREPME F 2 48 O BB/ IBFTSIEFT

AR o WP LMFEET AT BVBA SRR BEEL

4
¥
e
K
)
Bt
Il
35
>/

C

S HAET W N Feh 128 RN o 4R %
F - REE M- PR HERAE 25Co70% REDEEREY Ty o X
% & 5000 lux> % p ek 18 (| pF ek RAIEE 534 F#E SR

pd‘?‘j f”/ﬁ‘J\ /i%"]i—;’ 2\ ﬁ—s—}\ld_lj Hﬂ/}l frf 7P %j}/} 'F&E;ﬁ«d’g‘]‘%‘g

s

SE GBI 123 %A E 2 $AEF AL DaHT . A
6 BREFT - RSy Ay 7 2@ ﬁr% 3000 2z Peter’s
No.1 (20 20 20) Xy ‘ ,,Q ’ %”U q Ev /\ 'Fﬁ_ }:/%‘ ﬂ ’ ;J‘ lé)* J\ﬁ&ﬁ&ziﬁi

Eos- vAELNPF (95 10

=

Y2 F AR HLFLRT o
x) 5% fFE 2000 2 Peter’s No.1(20-20-20) # & i - =t o 2 {6 &
e X 3% — =t 1000 Iaipf'ﬁé %‘IQ°7§‘TT§'?.‘_‘_{§'J 21 = pF o> B
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P

32 ASF ke 25mL = &5 0 BT %K o

I N2
(-) kR FaIL

F Py Pk SR R 95 0-01-1-10ppm ¢
’T’,; E R R R B Yl 5 A1—A10 - B1—B10 -~ C1—C10~ D1—D10 -
Bk g o HE R oz £FgA B r B2 25°C ER RPN R A 16 o
A Brdedn? et AR BFEAEGE > BiFL ) THER o117
0-01-~1-10ppm 2 %z f .1‘1557_ JVEE 8 A g A Wi~ it

e BEA L6 A erngad B 8 R EPREIFIERC ORI

ERoRE MY BRI RR 0 3 e G e RS
Cl1—C80(C % CK)>» ¢ ’fﬁ@;g%%fw E1—E80 (E #~ %
Ethyleng) - ¥ ¢t £ B~ 20 % £ * #-2 %3 i 01—020 4 % 0 % e
F 8 oM %Y Cl—C80 & E1—E80 *» i ¥ ehz & 3gxA wlic

B0 25°C R EP hE AR 16 24 ehd Refeidad > &40 20 Ny e
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St A AR RAR LA BN LR R -

g 0~1ppm e ez § A o g 8 o gy 4 Bl o~ St
FBEHM L6 2 B 4 R o r G e ead £
5. CK1—CK80 »# i ¥ = 447 ¢ Lo X %55 EL1—E80 =
BE R = £5g - & pplE wEL C61—C80 & E61—E80 crrgpi ¢ ¥

FERE- T o dZHA S 1-2-3-4 2 AP HE C1—C20 -
C21—C40-C41—C60-C61—C80 & E1—E20-E21—E40-E41—E60 -
E61—E80 i & o 4vr} AadZend 0 X Mmfli 01—020 0 20 ¥
n

PP ERMEAR- R 10 FEFOEERBRNG G T E

BEAr R A AR RSP EPEE 2P EH T H A&

2 H0, 7RI MEEF AL cRT LW F P L FhRL
FefaeiE 2 10 FEF 2 ¥ -REF Ll £ R G

Z")"TT"/%&V@% 5 £4F > W E RIS B b X o

b

(2) 1-MCP fuz
= Hl?%ﬁ—ﬁ )‘IJEJ”.} éiﬁﬁﬁﬂﬁfuﬁj’l'* %‘Q > A Z. L TT’ EI %%{‘1
AAL—AA20 (A 4 Air) 22 AEL—AE20 (E i % Ethylene) » 1-MCP

L 5 s MAL—MA20 (M % 1-MCP) & ME1—ME20 - #-%
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+ %% AAL—AA20~ AE1—AE20 # MA1—MA20-ME1—ME20 *»
BE Rz £FLA N B0 25°C IR R O f 16 22 A
rEvan® o Ean 10 Fro ettt AR RAESN > BN ZREg -

A B AR F

“’c‘—
e
<
O
)
)
)

g % 1 % {5 > AAL—AA20 ~
MA1—MA20 ¢ AE1—AE20  ME1—ME20 > % 2 % £ % 1ppm

LT F U RS @ 3 A E L 8 o gy s B~ A
BEfHF 16 o ewan® > Fan 10 5x o eFedntt AL R4RA N Bl
A TG o F P RIEHE T SPAD i H- = o & N aJE

o jir AT FRAEAR. R 10 FE Y BRI (5 E

Hr RO SR oSt ERER R AT Y R R

L‘-l

fe g Be e B -80°C iffarc o FiL (SR T 39 F - MDA &
HO; 2 E&14nf PFd adi2 * oplea wjde i ade 3 % i
G EIEER 2 10 FES o 2 FLE-#ET1l £4 04 5 &
A ©

1-MCP th* 8 » iz g * F 45 16 22 efenin 2 Mff > -5 T4+
B~ 8.8mg hx H 4 45 % (EthylBloc» €54 1-MCP 2 7 ¥4 &
flawadd g - Hg2skAR S 043%) 530 50mL Eir ¢ o - i

~efeidn o 4o r EmL 2 3RS oKk W R DA Beriap B R

EI lppmo BFEEFRIL > 3 & (HRE) RIER* FHF L s
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ko 1-MCP * £ 2 2+

X ppm =  W/V W: s ired
0.9 ppm 1.5/3000 Voooek e 3R RY A

732X (2000) =z » MEHEFF pRE T rfeiin 1 ppm
& L a% C61—CB80 {- E61—E80 22 1-MCP /2 %3 AAL—
AA10 - AE1—AE10 - MA1—MA10 4o ME1*-ME10 th — 2 = ag ¥ ¥
SPAD # iE— =t > Zple X o & P HE WA ERA RPS BIS KT HE

& P g SPAD T3aE k- BEAFL % o £F2 SPAD BT 7

AREEERLF ke

M-

FUPFRLLEY LT A kgt pFRIES SPAD £ KT A A2
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0 %3 €2 @ % E %% Bradford (1976) #l 3> 2 - B 2 2%
EF % > 4~ 2 mL sodium phosphate buffer (50 mM > pH 6.8) #= fir = 35
fis o & 4C T2 17,600g o 20 A4 o B 20Ul ¢kt~ 5
mL 2_ dye solution - X 10 #4 > plT_595nmm JLE 2 kiE o
¥t Pe e H_ 2 20 pL sodium phosphate buffer (50 mM » pH 6.8 ) P~ 1+ i
R R EAPRHBIET RS F oo b0 T FRAORFGRERL Sug ~
100 pg - # & i F=d  (BSA - bovine serium albumin) i fe & 4 38 #1 %
iR 0 A KBk Al s 0.001pg Ttem™ e 5 Rd 5B
(mgg™)E Ases + 0.01 (ug ~cm™). 1 (cm) x 100 (442 % #) + 1000

T HERAEE (0)

(=) Malondialdehyde (MDA) 2z & z_ P Z_
MDA z & » 7 iF5 g s i-17* 2 4p4k - MDA z £ 2 Rl 2>
# * Heathand Packer (1968 ) 2. 2 /2 o B~ 2 ® KA EE % » 4~ 4mL
TCA (trichloroacetic acid) (5% w/v) # = 325 {5> & 20°C T 1 10,000
g #~ 5 A4 P ImL ik 4 ~ 4 mLTBA (thiobarbituric acid)
(5% > wiv> %3 TCA(20% > wiv) # ] REMES o Bigg B3 95

C —"-%lb J\/é‘ 30 /v\é”lb’ﬂlx?%ﬁ""f‘“?éf% J\‘l XILF}%°/J\/6 5 &
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GisPRE o MR EF R MRS AIRT R %f“f—iﬂué”ﬁ_i/
T4 50009 e 10 AdEfE 0 B iR R Rt 4 3R 532 nm -
600 NM A E 2z kiE o F v #FEHRAM ImL 2 TCA(5% > wiv) 5
P > 4v ~ 4 mLTBA (thiobarbituric acid) &7~ & - ¥ Ris A4 2
Wk fcs 155mMtemT o 5@ MDA 2 § 8 (nmolgt) i (Ass

—Aso) + 155 (MM em) x 5 ( it mL) = 1(cm) x 4 (1 i #)

x 1000 + &R € (FW, Q) -

Lipid
l peroxidation

HS /N OH o o X s N
T Sed e Y Y
™~ H H H H?_O

N x AN

|
OH CH OH

TBA MDA MDA-TBA (TBARS)

H,O, % &2 % & %% Janaand Choudhuri (1981) = ;2 o H jp|%_
RIEEA|* EE v 3 & titanium chloride (TiCly) * &t § A2 % ¢
MEF  MFEAHEF AL 410nm T2mkiE kG HiEF CE FE -

B 2 ® R EE P 2 3mLsodium phosphate buffer (50 mM > pH 6.8) #=

31



Bradafis » i 4C T2 60009 #pes 20 448 o B~2mL b ik o
5o~ ImLTIiCly 2 £353 >33 87 2 5000 rpm g~ 15 & 4sfs » B
Pl gt d SRRl 410 nm 2k @ o 7w ES% A 2 mLTiCly

sodium phosphate buffer B~ F 3% o F s A4 2k k¥ s 0.28

\n

mM*emt e #5¢ 275 H,0, 2 3 (hmolg?) 5 Aup + 0.28 (mM?

cm?) = 1(cm) x 15 (A %K) « HEhi#EL (FW,g) -

(F) 3 PR FEEA T
1. Ascorbate peroxidase (APX » EC.1.11.1.11) f%% 2 36 B~ % F 0 47
APX z_EMpl e 2Y NaKa_no and Asada (1981) =/ - B~ 2 #
KEE PRS2 2% ¢ 501 4mbL 2 sodium phosphate buffer (50 mM,
PH 6.8)*t rkis T o Rl A 35T B 4°C 12 12,0009 #es 20 A
15 #7115 p¥ & X P~k (crude enzyme extract) ¢ B~ 0.1 mL
iz % % P~% > 4c » 1 mL potassium phosphate buffer (150 mM, pH 7.0) > 1
mL ascorbate (1.5 mM) > 0.4 mL EDTA (0.75 mM) > 0.5 mL H,O, (6 mM)

NEEFRLEE M MRT IR E 200nm 2k E (A

Poo)F s 1 #4800 Z v @k 0.1mL B e iR

+

Bk oo
Flsts Adr2 3) % talics 2.8mMiem™ - 5 ¢ APX £ (units g™

FW) 3 Al + 28 (MM7em?) x 3 (F st -mL) + 1(em) x 40 (4
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BeE) +1(x8) + BERHEE (FW, Q) fE5 F1EHE = (unit) &
& A48 45 1 umol 2. ascorbate - H it & (units mg™ protein) % APX

B (unitsgl) + EBp ks T2 (mggh) e

2. Catalase (CAT » EC.1.11.1.6) f¥ 2 2 36 B~ 2 E 4 4o 47

CAT z /&M iplz i & ¥ %% Katoand Shimizu (1985) = ;= o B~ 2
PN EE PANIEA &Y > 1 4mL 2 sodium phosphate buffer (50
MM, pH 6.8) ¢ rkis ™ o R B A o & 4C 2 12,0009 A
20 ~4is o T iR 5 BER 5 Pk (crude enzyme extract) o P~ 0.2
mL f%2 5 B% > 4c » 2.7 mL sodium phosphate buffer (100 mM, pH
7.0)° 0.1 MLH,0, (M) 7 3 $38 4355 15 » 1k §ot & 3l 2 &
240 M 2k & (APoo) F s 1 Akso 26 k% 0.2mL 5B e
RN BEEEE B o F RS A 2 K ales 40mMTemt e 4 ¢
CAT 4+ (units g FW) % AAug + 40 (mM7'em™) x 3 (F &4
mL) + 1(cm) x 20 (it 4) = 1(24) + & RiHE (FW,g) -
f¥ %5 H = (unit) 3F 444 Lpmol 22 HyO, » H vt 54+ (units

mg~protein) 3 CAT 7E{+ (unitsg™) + FBpehds T2 & (mgg?)e
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3. Glutathione redutase (GR » EC.1.6.4.2) ¥ % 2. & B~ % F 1447
GR z_=Miple i & % %% Foster and Hess (1980) = /% - B~ 2 %
KEE PRS2 > 4mL 2 sodium phosphate buffer (50 mM,
pH 6.8) *trkip T o M B 35 > & 4°C 12 12,0009 ds 20 A

e

& #TI F ik I 5 FEE X P~k (crude enzyme extract) - B~ 0.2 mL

&

f¥% 5 P% > 4 »~ 1 mLTRIS-HCI 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) ** 2 &8 PR E355 (8 - kTl d 2hpl k£ 340 nm 2 sk
B (AAsg) F s 1 A4 i NADPH g it i F ez @ b b
BoZv % 02mL SRS ERAFEEIFRR-E 083 KR (A
OD) 2 % it 2 % 5 — ¥ =& =1 (unit)- & ¢ GR Ef (unitsg™
FW) 5 AAuo x 20 (5 ) + 1 (4 48) + t&R4as L (FW,

Q) fEZ A E = (unit) FF 24542 1umol 22 H,Op o H b B
(units mg™* protein) % GR /&1 (unitsg™) + F B chdov iz (mg

g -

4. Peroxidase (POX » EC.1.11.1.7) f2 2 2. 3 B~ % F L 47

Peroxidase z &+ = ¥ %+ MacAdametal. (1992) =z o B~ 2
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BN EE FONIR A e o B PRI E S Y ) 4mL 2
potassium phosphate buffer (50 mM » pH5.8) *tkiz ™ » Rt a7 e =

B e 4C 11 12,000 e 20 A4S 0 B iR S R E B
;% (crude enzyme extract)o B~ 0.1 mL fiZ% % P~;% > 4c » 1 mL potassium
phosphate buffer (50 mM->pH 5.8 )1 mL guaiacol (21.6 mM)> 0.9 mL H,O,
(39MM) > & EREHBS 18> kT d3mplak £ 470 nm 2 =
ki (AAgo) F s 1 Ao 5o 2% 0.1mL B3 fheip (S 3
EBR o F pts A2 f kthdci: 40mMiemt o & - B =& s

(unit) ™= & 45735 1 umol 2 'tetraquauvacol # 7+ ° t &%*¢ POX &+
(units g FW) % AAgp + 26.6(mMTem™) x 3 (5 dis > mL) + 1

(cm) x 40 () + 1(A4h) + RS h4eBE (FW,g) - H ot it

(units mg™ protein) 3 POX & (unitsg?) + E¥B Ry 75 £

(mg g”) -
OCH3 CH3
10 250 Cyoe
4 @ + 4 Hy0p —— L+ 8 Ho
O 0-0 S
' OCHy OCHs4y
Guaiacol Tetraguaiacol
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5. Superoxide dismutase (SOD » EC.1.15.1.1) ¥ % 2. B~ 2 FE Mo 47
SOD =z #iiplz H %3 Paolettietal (1986) = /2P~ 2 * K & ¥
BANIEA 2. & ¢ > 11 3 mL sodium phosphate buffer (50 mM » pH 7.4)
Rt A 5 4C 12 15,0009 #ges 30 4 4kis 0 TE DGR
I L2 E F Bk (crude enzyme extract) - B~ 0.2 mL f¥ % ¥ B 0 4o~
1.6 mL Tea-Dea buffer (triethanolamine -diethanolamine > 100 mM,
pH7.4) > 0.08 mL reduced form nicotinamide adenine dinucleotide
(NADH > 7.5 mM) » 0.05 mL EDTA/ MnCl, (100 mM /50 mM, pH 7.0) »
1 mL B-mercaptoethanol (10 mM) *+ % & g iR £ 323 (5> KT vt 4 3P
& 340nm 23k B (AAsw) A 10 2482 kB (Asg) * 37
voiEBE L 0.2mL FEgEdmn SR E F B0 o k&5 SOD EiE
(units g FW) % (% ¢ 2% AOD—4# 5 A0D) + 1/2 AOD
(MM7em™) x 15 (FFf 3 d) + 10 (2 48) + & Rbs#E (FW,g) - 3
L& (units mg™tprotein) i SOD &+ (unitsgl) + FE B chged B
5B (mggh)-pEd =t (unit) 2025 10 A48 SOD #74] NADH %

it 50% ek E st £ (AOD) -
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. EthylBloc @ ] 53k iz 5 2 @ ) % o

. Dye solution : 2+ 50 mL z g% (95% > v/v) #- 100 mg z. Coomassie

Brillant Blue G-250 = 2% f%{$ » 4r » 100 mL phosphoric acid

(85% > W/V) > 4 » L 33 T E 3 1L Mg AiBipis 2 Jpik B34k

5:’1;“6 y 3 LA 4°C ¢ # oo

. TiCl, (titanium chloride - 0.1% - v/v) > i3 % 20% (V/v) HySO,4: #- 20 mL

e HySO4 4v » 55 F 4 3+ kerdEdr @ > B4 48 4~ 100 uL

TiCly 6 > £ 1L 33 k=% 3 100mL - (TiCly, &% pl & #EF - fe
P pe s+ BN b MY HE) o

. TBA[5% > w/v> 33 TCA(20% wlv) ¢ ]1:2 20gTCA 4 » 80

mL 2 33 kv > 4B T F 2 23R E 4 » 059 TBA %5

B WA ARG EL PRI IR E T 100mL -

(TCA Z E APz nRELPbpxr REFTRELLE).

L RlE S E ¢ @ * $len TBA~H,0,~ascorbate ~ GSSG ~NADPH ~ NADH

SR EFRTFTITHRE o
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# % % 3+ ¢ Minolta SPAD-502 chlorophyll meter

sk R 3 1 U2100, Hitachi

. AT MR B i 3o 0 Super T21, SORVAL
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Fig. 4 Changes in readings of SPAD chlorophyll meter of detached leaves of “Veg Gin’

Chinese kale seedlings treated with fresh air and various concentration of C,H, at

25°C. Data represent mean + S.E. of 10 replications.
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Fig.5 Changes in readings of SPAD chlorophyll meter of detached leaves of ‘Veg Gin’
Chinese kale seedlings treated with various concentrations of C,H, for 3 days at 25
°C. Data represent mean + S.E. of 10 replications.
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Fig. 6 Yellowing of detached leaves of “\eg Gin’ Chinese kale seedlings treated with
various concentrations of C,H,4 at 25°C.
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Fig. 7 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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Fig. 8 Changes in protein content 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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Fig. 9 Changes in H,0O, (A) and 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.

47



Go ASEis c RAWEF LB AGEY XL (SPAD &) A

i pEReRpE S XM

R EEES PR EE AR RS R LI
WA R TR A G F & Lppm ¢ G FAIET Fv g 4 %o
BLEHE SN SOD ~ APX ~ GR ~ CAT & POX % %% chnvt s+ %
ed BEEL HRESC FRIZwF LEEE ¢ o0 SOD Bl
B 3 % W4 o AN AP FRITE SER 0 AR
4Pt (B 10A) 0 & AJZ R SOD »_“ E B s I PR R T

LER 2L o HREBT ’fy‘v}f@;_ﬂ‘m APX 1t B A kA 2 % & <

it o Gagle i sy 304 ABLFTERE (B 10B) - ki
c¥PREE R GR W EE A 4 AP oL gLl
¥ 2 X B4 ¥R e (B 10C) - CAT & POX & féij
FEF Tt a g o CAT v Rl HRERe Faglle Fa Ll o
WERIEA S 1 ARG 28 4 BT (B 11A) 0 A
L RIT 2. POX wiEp ¥ 2 A Bt 2 P HFFNHER
(B 11B)od 4t 17 4o 3 2 S5 2 % A2 1 - SOD~APX~GR & POX

St AN & Fle g eng i B A # 4 0 SOD & CAT RIx 3 §



1.0 +
—e— Air (A)
0.8 + —o— C,H,

0.6

04 r

0.2

SOD (units mg'lprotein)

0.0

20} (B)

—eo— Air
—o— C,H,

15+

10

0.5

APX (units mg'lprotein)

0.0

—e— Air
1.0 - o CH,

08
0.6 r
04 r
0.2

GR (units mg'lprotein)

0.0

Days

B 10.25CT K h EwrE g § 2 e (1ppm) AZ$ SOD (A) ~ APX
(B)2 GR(C) ‘izt ®it 2 B 4F -

Fig. 10 Changes in the specific activities of superoxide dismutase (A), ascorbate
peroxidase (B) and glutathione reductase (C) 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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Fig. 11 Changes in the specific activities of catalase (A) and peroxidase (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 5 replications.
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Fig. 12 Changes in the activities of superoxide dismutase (A), glutathione reductase
(B), peroxidase (C), catalase (D) and ascorbate peroxidase (E) of detached leaves of
‘Veg Gin’ Chinese kale seedlings treated with fresh air and C,H,4 (1 ppm) at 25°C.

Data represent mean + S.E. of 5 replications.
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Fig. 13 Effect of 1-MCP and ethylene on readings of SPAD chlorophyll meter (A),
yellowing index (B) in detached leaves of “Veg Gin’ Chinese kale seedlings at 25°C.
Detached leaves were pretreated with air or 1-MCP (1 ppm) for 24h and then treated
with air and ethylene (1 ppm) for three days, respectively. Data represent mean +
S.E. of 10 replications.
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Fig. 14 Effect of 1-MCP and ethylene on yellowing in detached leaves of ‘Veg Gin’
Chinese kale seedlings at 25°C . Detached leaves were pretreated with air or 1-MCP
(1 ppm) for 24h and then treated with air and ethylene (1 ppm) for 3 days.
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Fig. 15 Effect of 1-MCP and ethylene on protein content in detached leaves of “Veg
Gin’ Chinese kale seedlings at 25°C. Detached leaves were pretreated with air or
1-MCP (1 ppm) for 24h and then treated with air and ethylene (1 ppm) for three
days, respectively. Data represent mean + S.E. of 5 replications.
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Fig. 16 Effect of 1-MCP and ethylene in MDA level in detached leaves of ‘Veg Gin’
Chinese kale seedlings at 25°C . Detached leaves were pretreated with air or 1-MCP
(1 ppm) for 24h and then treated with air and ethylene (1 ppm) for three days,
respectively. Data represent mean + S.E. of 5 replications.
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Fig. 17 Effect of 1-MCP and ethylene in the specific activities of GR (A) and POX (B)
in detached leaves of “Veg Gin’ Chinese kale seedlings at 25°C . Detached leaves
were pretreated with air or 1-MCP (1 ppm) for 24h and then treated with air and
ethylene (1 ppm) for three days, respectively. Data represent mean + S.E. of 5
replications.
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WAEY ¢ 7 % 4 (Dhindsa et al., 1981; Hurng and Kao, 1994) » #]* 5
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1996; Hodges and Forney, 2000) -

& Ascorbate-glutathione ## 2 fi¥ % & ¢ » GR 2 v iE i

“#‘r«

BgZis % 2 X B st (B 10C) : Hpln Eo@E R @ F 3R

’

PR

F# R it e glutathione & L # 3% F“f O, « & H,0, % AOS: 7]
rE & GR #3F itz GSSH :BR i GSH- APX et EH 4% 3
4 % 3 4c (B 10B)- 4aip| st p¥ ascorbate B 4522 ;%% EHE s
# H0p Bl 5 HOo A% ? » HFEZHRE P L EHLY > AP
Z_ ascorbate ¥ glutathione = féug M4 ez g1 - Flp d S84
GG M oddleaFi PRBRRET Nt o  FESYORETE
}:‘l’? o

PaETiEE TL T R E ARG B % % 'E 2 (degradation) £ AR
¢ (bleaching) 7 # (Heath and Packer, 1968; Orthoefer and Dugan, 1973;
Imamura and Shimizu, 1974; Zhuang et al., 1995; Hodges et al., 1996) - &

e f‘a PoEndE EEE RSLEMLR T g ERELL P EASFEIET 7

i 4o Fpt i 2 VI 1 Aol (Toivonen and Sweeney, 1998) - ¢
FRILERTEPHRE T X @ RH? CFEZFERCDORF] T A

Re Fiser g 1 iEr e %24 1 L5 sURE SR FiLo
it 4 11 hygroperoxide > i = ¥ % % "% f2 » APX ~ GR ~ POX /& .3 4v e

PRI A K PR ek £ T ko aerildechip T FIp F

65



a2

KET7HE S POX b iE gy 4r g2

lv
st
oW
B
)
o
N
gl
=
=
&

= POX %") LN F“f HoOp el ?t > g F~ZEEE P >~ g
5 3 peroxidase-hydrogen peroxide & st &3 HyO, £2fssgde H

AT o ENESE a AT 2B E%E2 A5 & (Yamauchi

\

and Minamide, 1985; Yamauchi and Watada, 1991) > Kato £ Shimizu
(1986) A3 & i-E ¥ 4 F POX =1 @ 2 peroxide ¥ total

henolic 2 & EEE + 3 » e T AR DBIES NS T 2 4
?

BEFEEARY > G FEREFEBTELIRG  ELE

deo PlA T AE S X iy PEEER ARG ANESS T

B EG e s d 2 bl s e o FER 10011012 hg ko desh
ErrgpE » ¢ 4 SOD~APX~GR 2 POX B>t R Azt ¥ 4§

(2R R S R

66



PR

g ¥ LH

it
-E
=
a
S
&
ard
7
>/
ke
g
o
S
P
s
h
&
«3\
&k
(«4

»RHEE 2 g4 0 g (del Rio, etal., 1998; Prochazkova et al,
2001) - FEAE FE P o fiF LfEE APX < GR 2 POX Mg
2 BBl rH AEBREPERLRARANIRE K v FiE-

a‘r}Egm; Flgo

o~ I-MCP o i P g iR R R B E
1-MCP & - 5 52 ’T’,: T e > e PR TS 20K 2 iR
EHAR g o g LEME Tl EH A o 4o F T F prig

F o - fE i sk I Fedldl (Fan et al., 1999; Jiang et al., 1999;

o AL G F R £ 5] 1-MCP g ST T
£ FEETHE S LMCP AL 1 AR AUTe % 3ApE ¥

67



1-MCP rdZ i &7 3 2 16 > € "8 MPg i3 (L 1E% ik (7 8 3F
Fltamz R Fla Rk BESF Lo Fildeany FPERGT o d 0
1-MCP #ric %i"%?\{’f*)’%’ﬁ;ﬁ FHER > o aE L L TR ’T’,: 5 | g
thi g s e A F Ny P % GRPOX X fif Iz ot %
ottt I-MCP Ao i MAHBEEHFLE » 7 F e AJT
r g E o GRPOX S4nf P2 ot B3 0 6 gl o 4 -
BT Ap o o T i E POX F 423 4 (Gahagan et al., 1968; Ku et
al., 1970) » 434 3 91 e POX Bfds ¥ i ~l'1c%i & = (Boyer and de

Jaegher, 1986) - Gong £ Mattheis (2008) ™ 1-MCP a2 ¢ = % e ] =

peroxide i si- B E % F S@HF X Pl FRE AFEKTF AP

%~ dBF &% MDA § EH 4~ ¥ “fxE APX - GRPOX 3%
‘H—i‘gét%ﬁlﬁu@ »@m 1-MCP A2 rifrd] b itz it d pt 2% v 10k
W v AL b T ESRE PR T At p ) kB

SRR S ERTRLEE Y R R FRUE T S S FLERT S SUPEE

68



69



P
YN~

Rl
%
Eis

2 548K § (Brassica oleracea L.

Ea

Ah gk AR R

Albograbra Group cv. ‘Veg Gin’) *» 3 # % 2 4L » 331 25°C 2% %8

-
o

GRGEE YR pE > g FEF v SHO, FE2F Lk

e it o I el A 1-MCP o> g 5 > vt §

WRSL e Y SPAD ETEP A MOTHBE D EFC FRAR

% >SPAD FE T IFAR L AT AP Fadlmi v L hd B ES

L1
1

b

BERF2 XL FECRE S Lppm ¢ GRIL 437 > HEwEC

s
;

FRILE o BE ¥ HO; MDA 3 £5+ SPAD f £A RN L E >R

PSRt n EXREYEIF MER @ E Y X HO,

2 MDA Z ERdH A Fe s B HE P R4 asge

bk N ERE S AR g FpER i 9 SOD 2

-~

LWREMARIAREE OV RET X ERY 0O ¢ A S

=k

i

2B

=0

A o TR f F R Feh SOD R M M B ARR H
tom AE AR o CAT &2 POX A_§ § it H0, 4 j2eft% » CAT
AT F LB A POX A0t MRS B4 T AR E

70



E F ¢ POX Fi & ;Pi% H,O, «rfit% @ 2t CAT » 3P K E» ¥
#¢ CAT Eiheng M kitizR al o
Ascorbate-glutathione 5% ® » GR /AR e Hadlis % = X

Baeif s HPIATE-RE VIR R pPFERLE GSH A A * »

&

F% Op + # H0, % AOS« APX i i LA (5 3 4e » Jipl st p¥
ascorbate B 45 %22 32 B 12 gl o

Freirgad o3 TR EFEMTHERY L YAILHNE
S AE P SOD~ GR £ POX Mg fhsi4e o @ g R4 & 7 >

FRE7HERS Y SOD>GR ¥ POX Bt RAzeis e @ £ 5§ i

F2ZH AR R g AR L-MCP #rdrd] > B ¥ By P EER R

M2 e AR D o G TR rsldes Ra St g R D

AhY 2 BRA O O GAIEEN ERE YRR £d 0
L 2 HOp 7 e i g B F TR ARR Aol A

Filowis o @R RE S FF 4 APXSGR # POX it p 4 -

71



7-4‘:317

LB

a—

R

EELELY 54

,iub
1
i

72



AR FAR S AR O E FH T LN E (Brassica
oleracea L. Albograbra Group cv. ‘Veg Gin’) 3 ik v # s = ¥ 2 2+

BE S AR Y e e R S R RE R 2 A

|
=
-
o
—=¥
<
&
.3\
gt
~E
ke
fim
™™
1%
ooy
&
ard
i

o

FE#¥ S P AECREE 25C LH Y 0 1ppm ¢ AT 4

m’*’?
=

2P PR ES et GARY 3 ES AL Y RN

WHRB(TF)e - EF 44 (HO,) £ malondialdehyde (MDA) 7 & &

LS 102 X BApii e T gt HRE B i WPk Sahdn
it 2% ascorbate peroxidase (APX) ~ glutathione reductase (GR) ¥

peroxidase (POX) %43 i“fz2 1t 5% oL 2 X (S REEH Ao

e superoxide dismutase (SOD) £ catalase (CAT) B &g F i o pLt 4

-

A e FREAILAET EAE P B L e iR p
3 M0, § R s o i BT T AR $X MDA

S § B A 4P APXGR 2 POX ¥ 4§ it

rie e gl dl 1-MCP Ay 7 g
B g RITHIE R LK F RS e e S LHF o ¢ RE

%% 30 5B HO,~ MDA 7 £+ 2 APX - GR - POX

73



e

ERTT &

2

1

}rﬁi\‘gét,

TREET REE 330 S ST

2

./vﬂu
Pk

AN—

74



Summary

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 was the
second fully developed leaf of 3-week old seedling of the ethylene-sensitive
‘Veg Gin’ Chinese kale (Brassica oleracea L. Albograbra 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,O3) and malondialdehyde (MDA) content
started to increase on the 1% and 2™ 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 its rapid senescence first

by an increase in H,O,, which caused an increase in the lipid peroxidation of
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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 its specific activities.
Treating excised leaves with the ethylene action inhibitor
1-methylcyclopropene (1-MCP) before ethylene treatment, inhibited
ethylene induced leaf senescence as well as all the ethylene-induced
responses, including the accumulation of H,O, and MDA, and the increase
in enzyme activities of APX, GR and POX. These results further support the
suggestion that ethylene accelerates leaf senescence through enhancement
of oxidative stress in treated leaves. Although the cellular antioxidant
system responded to the stress by increasing the activity of antioxidant
enzymes, the presence of ethylene in the atmosphere caused an irresistible
oxidative stress that eventually led to the final senescence and yellowing of

the leaf.
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