Journal of Bio-Environment Control, 16(2):121-129, (2007)

EOIE 720 A0M M21 2 2E-|20] CH
ehitsls o] #y XI0|

LuE - THE - 08K - st - AP

Differential Responses of Antioxidant Enzymes on Chilling and
Drought Stress in Tomato Seedlings (Lycopersicon esculentum 1..)

Nam Jun Kang*, Myeong Whan Cho, Han Chul Rhee, Young Hah Choi, and Yeong Cheol Um
Protected Horticulture Experiment Station, NHRI, RDA, 20 Gangdong Gangseu-gu Busan 618-800, Korea

Abstract. Responses of antioxidant enzymes on chilling and drought stress in tomato seedlings were
investigated. Growing patterns of tomato based on fresh weight of tomato seedlings were severely affected
by chilling and drought stress. Fresh weight of tomato seedlings were reduced by 69.5% in chilling stress
and 50.6% in drought stress compared to those in the unstressed control seedlings after 12 days of stress.
The specific and gel activity of SOD and POD in the leaves, shoots, and roots of tomato seedlings were sig-
nificantly increased by chilling and drought stress. Activation of SOD and POD activity by chilling stress
were higher in the roots than those of drought stress. However, activation of SOD and POD activity by
drought stress were higher in the leaves and shoots than those of chilling stress. The specific and gel activ-
ity of GR in the leaves, shoots, and roots of tomato seedlings were also significantly increased by chilling
and drought stress. When the seedlings were treated with chilling or drought stress, one GR isozyme band
(GR-3) was newly expressed in the leaves of tomato seedlings. The specific and gel activity of PPO was sig-
nificantly increased in the roots and shoots of tomato seedlings by chilling and drought stress, respectively.
However, the specific and gel activity of PPO in the leaves is no difference between stressed and controlied
tomato seedlings.

Key words : chilling, drought, GR, POD, PPO, SOD, tomato

*Corresponding author

M 4 s AR o Aoz F483% Azl 2], Tl
2 g ) 2 A 7 850 f3g 44
2L 25 RS X33 o K] 8 2B U §EAE AR 454 2224 grEE-S
g5 A =9 Aol AREREERL 4, At WelEle] Fs Yo7tk (Elstner, 1987; Foyer, 1993
o] ¥ & BT AT 28 AEld == Al Heath, 1987; Lee®t Lee, 2000; Kendall®t McKersie,
siEtd oz Belgh Halrt doju AslE A ok 1989; Salin, 1991).
53] A A BAREE B 2EdAE e} diREe] ZEe FAAF) tiF o] 7]
F7VINE 29l el e AT Faf Zow EmHEolY 7lRE 53 2o st E3,
2 3l Aoz 4R Uth(Asada, 1999; Bowler  EFEFE|LoL} ol T2 H AN 2 484 3194 T
5, 1992; Heath, 1987). ZR3kalran) 891 4% SODY POD 53 22 33l 84 58 ¥3sle
(0) T 22 BAANATL AR 2HE9] AT BY st A2’ 7A]an dtk(Davies, 1995). &
oMz AgEo] e 7ix] 2E8A gl digh 3] 38} AU} $83 9L sk oz duy
WS SIS WA 98-S s AR Bk e, FEo)E superoxide dismutase(SOD), per-
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oxidase(POD), catalase(CAT), ascorbic peroxidase(APX),
glutathidne reductase(GR) 5-9] &2 7}x] dhrslaa
7} EAlsle Aoz B84 tkFoyer, 1993; Monk
5, 1989). 33l &4 FollA sODe Y AkaE
Oy Ftslrane) 22 MBI ¥he-S Zvlist
= S4RA 84 P Eoldle 55 2EAY] TR
o] we} Cu/Zn-SOD, Mn-SOD 2 Fe-SODZ 72
CHBannister 5, 1987; Bowler %5, 1992). SODell &
M f71E ks PODY CATOl 28iA &
A} Ak Az Bag o= Aot 84 Ak
o 9% e T HoE gEA vk
(Anderson -, 1995; Salin, 1991). =3} GRS o}A~F
2HAk] WS 2REKE GAEA FFEE|LT) ok
I8 gaRkeel 831 J3S ke APXe] B4
< N7 F8% A8S It B3 45 ~E
g 2ol g Wo{7|2 9] 3t polyphenol oxi-
dase(PPO)2] EAd3loll <t Alxge] 2ladslly,
PPOE 2130 Hodsle] Fxz o= A¥us vt
A st ZEF 20l g WS T2 1E o,
HE3ME-S AsAIA 3EEQ] quinones: AAISH=
de A3ks Aoz 44 ArHSommer 5, 1994).
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1. AERIE 2t AE-I2 X2

A8 AE= EnkE (ycopersicon esculentum 1.) 4]
ARt FH) 355 wrlEee|EdA ol ARl
B ol ) Al A AL Helel dx AHEE
st Eekny XEQ F7|E delste] Akt
AL g A% BEvE fE= %] 15emd F
2 g Y Eof| HA8I L, 73 AE AsiMe A
o] 30em?] EeRhE X Eo| A3l uia} wke] &
7} 242} 25°ce} 18°CE Y frefeddr 10d
B Bl A4 F 2 gdo] 4m " 10
ARE AL M9} 12 ME stk A Ae

F57} 200 pmol %R FAHE AE AREE o8-

3t

il

A .

gt - 494

e, 9 v v 247 1Ak g e
2EE °CE Al A% HEle B vke] &
7} 25°Ce} 18°CE 2EH fredoN 38e
tl, BEdrE e EYTE Al 7|2t -50
kPaZ 3G EYTE 35 A A 071
Rich-5330(Agronet, Koreays: |83l B2 &
B 22 A Bk = AlA(SKMS50C2,
SDEC)Z ©-83t3dth. thzTE 7120] 18/25°C /)
2 249 [l EYGE-S 20 kPag 243}

of At

2, CHHE ==
Ao S S T 8 WEe pH
7} 8002 ZFAP 100mM Tris-HCl -8R0
A, 7] ¥ B2 FEdtd FE3I9T Polytron
(PT-3100, Kinematicays ©]-8-8}o] A8 5g& 10mL
o] gb gHo= widt F 15,000xgZ 4°Col|l A
7+ QA1E-T(Allegra 64R, Beckman)stath. 94
2] & F2do) A5l AR IS AASL
, PD-10 column(Pharmacia-LKB)S S3Al# 4o
chijd B3g g0 34 =4 2 F9as By
Alg 2 ARSI dulz §#S bovine serum
albumine ¥ ©ld=z AL8-34] Bradford WY
(Bradford, 1976)0.2 &334t}

E

M

oL

3. 820 Y =3

SODS] ¥4<& NBT S AMSl 24319th
(Beyers} Fridovich, 1987). &4 248 ¢35 Hkg-&
< 50 mM Na-carbonate(pH 10.2), 1.3 uM riboflavin,
13 mM methionine, 65pM NBT 2 Thlzal ol
o=z AT ¥kEEo] 50 e AlPHE 25°C
o] 3F AelolA 1083 ¥RAIZ] & B35 A (DU
650, Beckman)2 ©|83} 560 nmolA FJEE =
P, HRTES B ZABKA] 2& HgES
A18315E). SOD B2 Asada $(1974)2] 4)& o]
83lo] NBT 24 Asi&= Akt

PODS| &AL whE-Eo IS AE Uty
guaiacol®| tetraguaiacolZ2 BAAEE G2 A3
(Putter, 1974). ¥-8-5-2 10 mM potassium phospha-
te(pH 7.0) £l 03 mM guaiacol, 0.1 mM H,0,
2 gl 2l EFE 25°CoA] 127 wEA]
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7 & BAFEADU 650, Beckman)S o]-8-3}o]
290 nmollA FREE SAIAT. 24 TS mg
A g B imole) guaiacolo] AHElEE Ao=
3190 extinction coefficients 290 nmol 4] 6.439
mM~'em™& ARSI,

GR2] B4 Rao 5(1996)2] ol F3kd pivt
782 ZA¥ 100mM potassium phosphate 2402
S48t ¥h8SEES 1.0mM EDTA, 0.1mM
NADPH, 0.5mM GSSG 100mM potassium pho-
sphate(pH 7.8) & #4 FE2HoZ FAHUEH, 25
°CollX] NADPHE F715to 22X Whe-& AlFsich
FAo] EA8 NADPHY Aloll osi hade &
B5E BEBBEA(DU-650, Beckman)S ©]-83}
340 nmolX SAEIAET G4 TS mg DA B
2 pmol® NADPH7} 4FslE|& RS2 dtglon
extinction coefficient= 340 nmol|A 622 mM'em™&
AHEBIATE

PPO2] &2 Mohammadi®} Kazemi(2002)2]
Hell F31d pHY| 642 ZHE 25mM citrate pho-
sphateE AR&SI S48t ¥RS3IEHES 5mM L-
proline, 20 mM pyrocatechol, 25 mM citrate pho-
sphate ¥ FA FER0Z AT YL pyro-
catechols 7FeF F 25°CollA] 13#7F ¥kS- & 515
oA F7hekE FREE BEF A (Du-650,
Beckman)S AH8-31] S48tk A4 42 mg

AT $Y SR8 FYES BAS,

4. L BY

FHEAE sodium dodecyl sulfate(SDSY}F EEF]A]
22 10% polyacrylamide Zol|A A& T 20 gl
Bz 2 A7t A5 4% 4L
pH7l 8882 A9 Tris-glycineo| o A @ 30
mAZ 2R3} 4°ColX SAITE ARG D719
F 71do] FhE glofl AL ol 30°C o el
A RS TS & Hls e 2ABEEY, 9
ool e A g 89 2N 2He e
2t}

Superoxide dismutase(SOD, EC.1.15.1.1)%= 2.5mM
nitroblue tetrazolium(NBT)°] ¥+l 50mM potassi-
um phosphate(pH 7.8) 8ol AS ol 30°C & A
EfollA] 2587 HAEsle] FHEAE AR

#lzol e Farsrase] B4 Aol

AXE e AL Al 2.5mM NBT9 30mM ribo-
flavin®] $H+¥ S0 mM potassium phosphate(pH 7.8)
off gof oF AefellA] 3087t Aejgh & Ao
< HF0] BRSAIZTHRao T, 1996).

Peroxidase(POD, EC.1.11.1.7)& 4.0mM9] H,0,%}
9.0mM2] p-phenylenediamine®] &% 0.1M Na-
citrate(pH 5.0) 8ol A& Ho} 30°C b JeholAM
15571 GASIATHOlson?} Varner, 1993).

Glutathione reductase(GR, EC.1.6.42)% 3.5mM
L-glutathione oxidized(GSSG), 0.25 mM methylthia-
zoletetrazolium(MTT), 0.34 mM 2,6-dichlorophenolin-
dophenol(DPIP), ¥ 0.5mM B-nicotinamide adenine
dinucleotide phosphate reductedNADPH)7} ¥
200 mM Tris-HCI(pH 7.5y&-40l] AL o] 30°C ¢
Aol A 1AIZE B2 ¥REAIZTHRao 5, 1996).

Polyphenol oxidase(PPO, EC.1.14.18.1%= 100 mM
Na-phosphate(pH 7.0) £l AL o] H200A 5%
o A A3t & 10mM DL-3,4-dihydroxyphenyl-
alanine(DOPA)7} &f¥ 100mM Na-phosphate(pH
7.0) §Yo A& gol ¥k tHMohammadi®}
Kazemi, 2002).

Zn o 0F

A5l A3 2xof 8 20 F A3 URT
o Hlal| A2 F= 714x X Al BEFE f859 A
T2 JAHA ZAsiatkFig 1), R A
W57} AHEE FASH Z718E HhE AL A
Ae Aot tlEo] Afo] dAlEE AeS Bix,
Az AeldMe 39 o]FRE AHAN. iR
AAFL A F 1295 37.93 gl vls] ALa A
Z AglollME 42 69.5%9} 50.6% AT A&
A2 A A AEA FE AT A vlee
UL ol Bls) AL e}t 68%, HE 7}
55.8% I, 27w A2 A7t 74.7%, Ax
A&7} 42% Aadhe 73S Btk w3k Bajol A
AT tiFF vls) A2 227} 74.4%, AZ A7
7t 51.7% FAsiachElolE] v, ol Axz
Hol A o) ofgt ErfE #EO| &L YHrh= B
2o} 27171 ] & 9L v 1z) ddre o
7 et & G e AL o At

12

a]

o
o Hr
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Fig. 1. Changes in fresh weight accumulation of tomato
seedlings during the chilling and drought stress periods.
Chilling stress was treated at 5°C with 12 hour photope-
riod with 200 umol™s™" of light intensity using growth
chamber for 12 days. Drought stress was treated with —
50 kPa soil water potential in glasshouse at 18/25°C
(night/day) for 12 days. Control seedlings were grown
with —20 kPa soil water potential in glasshouse at 18/
25°C (night/day) with 12 hour photoperiod for 12 days.

AL e Ax A F edAe] A B9
SOD$} POD &40 48 F4g dile= Fig. 29
2}, Adkzo g wE RoM AL wE HZR A
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Fig. 3. Changes in the gel activities of superoxide dismutase
(SOD) in tomato seedlings. Proteins were extracted from
the leaves, shoots and roots of chilling-stressed and drought-
stressed tomato seedlings. Electrophoresis was conducted
using a 10% polyacrylamide slab gel without SDS.

o] POD /32 thof| Bisl] A3} 7z X
N ZZF 39.6%2} 81.1% F7V8la, E7)dA e
247} 574%9F 106.4% 271510 AL Harol= A
Z Aol Z FEg gl = Bele] pOD &
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Fig. 2. Specific activities of SOD and POD in the tomato seedlings. Proteins were extracted from the leaves, shoots, and
roots of chilling-stressed and drought-stressed tomato seedlings for 6 days.
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ErlE fEO| ol AeH $8 A

SOD W=7} EAstget], AtH oz Me 4o
A W A ztell Zolrt gt et Aol
2 AEH R wze] A o)zt e}
IETEUE A X9} 1% Ao & 848
BT A& A2g 5ol FeloAe SoD-1 =9
Aort Skl & 848 B % A B
o] Y3} E7)oME SOD-3 ¥ize] Wer} Z7)3led
52 g4 BT

SODe 715 E3F 37400 oJ3iA] HrtshA AAd= o]
218 AUe] trzRe-S JAAT = BekaEs 3
Aslrast B2 ASAIE G4 SdikaFd o
g Fa3 Worjte Z UeA e, 55 2a49
Z59] wl Cwzn-SOD, Fe-SOD % Mn-SODZE
TFEE K Bamnister 5, 1987, Bowler 5, 1992;
Gupta 5, 1993). OlF-Ee] 48 ANEH 79 A&
ZFoH ZFoNE Cw/Zn-SODE EA51A] Y= ACE
ez Qlth(Bridgese}t Salin, 1981). 54 Eof| 4
CwZn-SOD2} Mn-SOD7} EAJ8k=H], Cw/Zn-SODE
MEA, J2H, v)EZ=e]o}, peroxisome X glyoxi-
some 5 A5 (Bowler 5, 1992; Longa &,
1994), Mn-SOD B|EZE]o}e] matrixel] A8
Aoz HIE) O (Bowler 5, 1994) Fe-SODE 7}
A e AL )¢ =EckBamister 5, 1987).
SODe] &5 o3t A9 125 9 Bt
73l digh i F218 B Ad=tEol RaEle
H(Shen 5, 1999; Walker®} McKersie, 1993; Wang,
1996), ©]9} & 2155 B3 4ol Ulgl sope] &
2 A 228 B8l SODe| HHE fU1de =M
ki Zo] o8t AHlE Y & ke 7eAs
s=]o] SOD7} 25 Ae] Aallell igk viAdel Al
EQiE Agsla sl JEHAHBowler 5, 1994;
McKersie &, 1993).

Fig. 4= EFE §H9] 291 PoDe] &4 &
A% ARl dit E7elxe 47 a9 i
Wev), Belolde eje) POD HI=S} B,
ZIRFAR] POD WA= 4=¢] Wd 9P Tl His|
AL = Ax A Aldle Zpol7 IRAEE, e
dxda xtolr} glgith AL Hed Hdae
POD-4 Hi=9] W7} S718HHaL, 3 X2l3h olA]
£ POD-2 M=}, Z7|9|x1& POD-13} POD-2 WI=
o] Wxr} kel AEFA0] WE 2120 Repd
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Fig. 4. Changes in the gel activities of peroxidase (POD) in
tomato seedlings. Proteins were extracted from the leaves,
shoots, and roots of chilling-stressed and drought-stressed
tomato seedlings. Electrophoresis was conducted using a
10% polyacrylamide slab gel without SDS.

i Aot S-S & 4 U

A& ¢lojA POD:= guaiacols HA FAAZ
ALgate] A el A 229 sl TAAY] #3l,
gzl A 2 sl g o] S e A2l
qeE FYe AT A FARR okFE2HAT
O} AEAF ¢ T8 o83t AIE WellA #itsls
4o Eajlol] Bshs A2 TEHAcH(Asada, 1992).
ol2ldt T 1F9] PODE #AF TE, AEAe EA)
AA L 1 7isel e Aoz guA =), At
9] 739 F2 ¥, ¥ L AzHd X &
2le] A$- G219k AEAd YR8k 715 s
THAsada, 1992; Chen¥} Asada, 1989). B35 70
R A=Y PoDS FH H&e SoDdl <lsiA
718 IRIBGAE B Rl A ExlE Befge
2H AogE 84 Akl o3t sl AAAe
Aoz d#x] tHAnderson =, 1995; Graham}
Patterson, 1982; Kang -, 1998; LeeS} Lee, 2000;
Salin, 1991). ¥ 23] ZHelre tix 2ol vls)
A2 T AR AzE ErkE {35 gloiA poD
288 FAH S7RE FEE Ak AR e
Z A A POD 984 wi=o] dxEs Rojo o}
2} O IS Hoet, AL XPelre HeleA,
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Fig. 5. Specific activities of GR and PPO in the tomato seedlings. Proteins were extracted from the leaves, shoots, and roots
of chilling-stressed and drought-stressed tomato seedlings for 6 days.
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Fig. 6. Changes in the gel activities of glutathione reduc-
tase (GR) in tomato seedlings. Proteins were extracted
from the leaves, shoots, and roots of chilling-stressed and
drought-stressed tomato seedlings. Electrophoresis was
conducted using a 10% polyacrylamide slab gel without
SDS.

el Al 99] GR 8432 vzl i) 42 53.0%
%} 512% F7Fka, E7190e 242 34.8%%
31.8% 7k F Al b Aol Itk et
o] Sge A3} Ax A Al hERl vls)
212t 18.3%% 41.4% S8l A% AEdlA e
2dE Btk PPOY 8482 AL = Az A
Al E719}F BelolM= S71ele ATS BRI, Ao
Ae tiz79 4 zlelrt gtk £719] PPO B4
S AL Boe 1z AelA wshet, Aed Bz
A2l Al G gzl vls] 242 48.8%S} 1276
% 271530t HejolMe E719) wle] e By
=], gzl vig) A2 AgdMe 90.0%, Hx
AelMe 53.0% S7Fk gele A Al o
& IS = A= osiE )

ErlE fHo F9¥ GRe #d IS
A3, 9 E7)0l= 3709 GR =TT EA))
Halole 29l GR W=7} &3I4 ckFig. 6). GR
THRAY] WY PP Ui His] AL = A
Z A2 Yt oA Flgh 2le)7t A=), o
Z79 ol whe] MEZ} UeRd vhd A2 Az
A2l X 3709 =rt SRt =3k dhe]o s
=7l vigl] AL e AF APolA wiee] U
7} 7K1 2o BA4E HyY a8y E7dME
zTol AL e 71z Xeleke] e I ol
Z Zol7} gidct.

ZHE0] Aol dojuls o8] 71A] gl
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Fig. 7. Changes in the gel activities of polyphenol oxidase
(PPO) in tomato seedlings. Proteins were extracted from
the leaves, shoots, and roots of chilling-stressed and
drought-stressed tomato seedlings. Electrophoresis was
conducted using a 10% polyacrylamide slab gel without
SDS.

E|A %k Halliwell-Asada BEE E3dlo] opam= dA
o} SFEFEITY 2 -84 FUEHo oM &
=% sk, olelgt A a7EE oz ER
AR AAEREE] Fodshs AeE Bl thFoyer
5, 1991; Hauslanden®} Alscher, 1993; Horemans
, 2000). Edwards 5(1994)2 A2l 23} GR &
ol 84 Z7he BHEA W] HT Ty A=
Hico] Wy dA|gittar slgted, o s A
20] YolME BT Leed} Lee, 2000). 2 A)¥
9] AoME AHEHQl GR FA AL tixTo
HJ3)) A& = xR A3 AEAA F431A &
7RI, B3] YoM thxTol vls) AL Fe
1z 2] Alddle GR-39] Hi=r} SEishA] wEE o]
B @7 tigh vk ZpolE & wids| =9t
EnE §R9 9o o& ppo 49 wd oy
< T3 Ael7t e, 9 EV)dME 42 2
7Nt 370e] st EAIEIHAL Heldle 70 wl=rt
EA3AHFig. 7). AL e 7% Ao fE B
H 98 2719} WielolA Zolrt A=), A2 A
23+ BajollA PPO-13} PPO-4¢] ®l= ZhAdo] =7}
ke AR B, & X2g Bl = PPO-1

fo b o

=9 gAlo] A Frkshe ARk Byt 12
L oME B Ao & Alr) vERER] o8k
t}. 21804 PPOE polyphenole] 4H812)E0]] 2Js)iA
FEAS] quinone®| Ad7 MEEE] g]laHsle] #
osle] Fgo|Hel it AFAE HHHoE f7A
71715 3P XA AsAA 2 2Ed 2 o
g AE ST AoE 4#EA thMayer,
1987). £ A|89] 2= A7 dx A A E
TIE fRe el mE &4 Fole JNANE Z§k
Aoz gz Hlg) & &AL B pPOx: B
g0l thst ¥hg 7)o 2 ARk A o= AHESY
o} olH3 A= EnlEY] 74 Az A7 Al 539
Z71914 PPOS] o] FAsHA E718the Thipya-
pong 5(2004)°] Rt AX|EHAT.

¥ 2

AL e 1Z A e ErtE fHe| A8
Fold gRIslE o] whe odS AR A, EviE
Fro AAFE 2E] T 12¢Al tizTo) Big) Z
Zt 69.5%2F 50.6% ZFAsisitt. SODeF PODL] 84
<tz vis] AL e Ax A 5o &
A& BAe), AL Ao e v 2 &
A5 BYx 13 HeElMe A 7004 52 3
& B} oS Adls T EAL] WHWTA
T IXEAT GRY] e AL e Ax A4
TR T 22 $4E Bget, 99 E7)dx e A
23} AZ 23] Xole YA, Belds A%
A7t B S Byrh GR FHES DAPFLS
Aot Az )olE GR-3 =T} Aoxie el
of diz&7e} 2|7t URAY, E7)9F HeldllMs &
Zpol7h QST PPO BAL Aolie BE Aol
217} QAR £719) Bl AL e Az
Aol A tiETHT 2 A3e Byt 53] 27]9
PPO &/4& A& At AxAeox =k ¥t
9] PPO B& Ax ARt A2 Ajollr] &=t
FaA) wEHRIoT AzA e EZ7)oA,
A2 AgoMs o 2 UEE Hoy B3 g
7] mE K9 ke xj018 - ukda) Ut

FAlo] . AE, AL, ERfE GR, POD, PPO, SOD

-127 -



10.

12.

13.

14.

9l

[E=3

L=
S

o
ror

. Anderson, M.D., TK. Prasad, and C.R. Stewart. 1995.

Changes in isozyme profiles of catalase, peroxidase,
and glutathione reductase during acclimation to chill-
ing in mesocotyls of maize seedlings. Plant Physiol.
109:1247-1257.

. Asada, K. 1992. Ascorbate peroxidase: A hydrogne

peroxide-scavenging enzyme in plants. Physiol. Plant.
85:235-241.

. Asada, K. 1999. The water-water cycle in chloro-

plasts. Scavenging of active oxygens and dissipation of
excess photons. Annu. Rev. Plant Physiol. Plant Mol.
Biol. 50:601-639.

. Asada, K., M. Takahashi, and M. Nagate. 1974, Assay

and inhibitors of spinach superoxide dismutase. Agr.
Biol. Chem. 38:471-473.

. Bannister, J.V., WH. Bannister, and G. Rotilio. 1987.

Aspects of the structure, function, and applications of
superoxide dismutase. CRC Crit. Rev. Biochem. 22:
111-180.

. Beyer, WF. and 1. Fridovich. 1987. Assaying for

superoxide dismutase activity: Some large conse-
quences of minor changes in conditions. Anal. Bio-
chem. 161:559-566.

. Bowler, C., M. Van Montagu, and D. Inze. 1992.

Superoxide dismutases and stress tolerance. Annu.

Rev. Plant Physiol. Plant Mol. Biol. 43:83-116.

. Bowler, C., W. Van Camp, M. Van Montagu, and D.

Inze. 1994. Superoxide dismutase in plants. CRC Crit.
Rev. Plant Sci. 13:199-218.

. Bradford, M.M. 1976. A rapid and sensitive method

for the quantitization of microgram quantities of pro-
tein utilizing the principle of protein-dye binding.
Anal. Biochem. 72:248-254.

Bridges, S.M. and M.L. Salin. 1981. Distribution of
iron-containing superoxide dismutase in vascular plants.
Plant Physiol. 68:275-278.

. Chen, GX. and K. Asada. 1989. Ascorbate peroxidase

in tea leaves: Occurrence of two isozymes and the dif-
ferences in their enzymatic and molecular properties.
Plant Cell Physiol. 30:987-998.

Davies, K.J.A. 1995, Oxidative stress: The paradox of
aerobic life, pp. 1-32. In: C. Rice-Evans, B. Halliwell,
and G.G. Lunt (eds.). Free radicals and oxidative stress:
Environment, drugs, and food additives. Biochem.
Soc. Symp. 61, Portlant Press, London, UK.

Edwards E.A, C. Enard, GP. Creissen, and K.J. Mul-
lineaux. 1994. Synthesis and properties of glutathione
reductase in stressed peas. Planta. 192:137-143.
Elstner, E.F. 1987. Metabolism of activated oxygen
species, pp. 253-315. In: D.D. Davies (ed.). Biochem-
istry of metabolism: The biochemistry of plants. Vol.

16.

20.

21.

22,

23.

24.

25.

26.

27.

28.

- 128 -

- HFst - 49

I1. Academic Press, New York, NY, USA.

. Foyer, C.F. 1993. Ascorbic acid, pp. 31-58. In: R.G.

Alscher and J.L. Hess (eds.). Antioxidants in higher
plants, CRC Press, Boca Raton, FL, USA.

Foyer, C.F., M. Lelandais, C. Galap, and K.J. Kunert.
1991. Effects of elevated cytosolic glutathione reduc-
tase activity on the cellular glutathione pool and photo-
synthesis in leaves under normal and stress conditions.
Plant Physiol. 97:863-872.

. Graham, D. and B.D. Patterson. 1982. Responses of

plants to low non-freezing temperatures: Proteins,
metabolism, and acclimation. Annu. Rev. Plant Phys-
iol. 33:347-372.

. Gupta, A.S., JL. Heinen, A.S. Holaday, J.J. Burke,,

and R.D. Allen. 1993. Increased resistance to oxida-
tive stress in transgenic plants that overexpress chloro-
plastic Cu/Zn superoxide dismutase. Proc. Natl. Acad.
Sci. USA. 90:1629-1633.

. Hauslanden, A. and R.G. Alscher. 1993. Glutathione,

In: R.G Alscher and J.L.. Hess. Eds, Antioxidants in
higher plants. CRC Press, London. pp. 1-30.

Heath, R.L. 1987. The biochemistry of ozone attack on
the plasma membrane of plant cells. Adv. Phytochem.
21:29-54.

Horemans, N., C.H. Foyer, G. Potters, and H. Asard.
2000. Ascorbate function and associated transport sys-
tems in plants. Plant Physiol. Biochem. 38:531-540.
Kang, K.S., C.J. Lim, T.J. Han, J.C. Kim, and C.D.
Jin. 1998. Activation of ascorbate-glutathione cycle in
Arabidopsis leaves in responses to aminotriazol. J.
Plant Biol. 41:155-16t.

Kendall, E.J. and B.D. MeKersie. 1989. Free radical
and freezing injury to cell membranes of winter wheat.
Physiol. Plant. 76:86-94.

Lee, D.H. and C.B. Lee. 2000. Chilling stress-induced
changes of antioxidant enzymes in the leaves of
cucumber: In gel enzyme activity assays. Plant Sci.
159:75-85.

Longa, M.A., L.A. del Rio, and J.M. Palma. 1994.
Superoxide dismutase of chestnut leaves, Castanea
sativa: Characterization and study of their involve-
ment in natural leaf senescence. Physiol. Plant. 92:
227-232.

Mayer, AM. 1987. Polyphenol oxidase in plants-
recent progress. Phytochemistry. 26:11-20.

McKersie, B.D., Y.R. Chen, M. de Beus, S.R. Bowler,
D. Inze, K. Halluin, and J. Botterman. 1993. Superox-
ide dismutase enhances tolerance of freezing stress in
transgenic alfalfa (Medicago sativa L.). Plant Physiol.
103:1155-1163.

Mohammadi, M. and H. Kazemi. 2002. Changes in
peroxidase and polyphenol oxidase activities in sus-
ceptible and resistant wheat heads inoculated with
Fusarium graminearum and induced resistance. Plant



29.

30.

31.

32.

33.

34,

B0k §H oM LT B AEazo] o RisEA) B4 Ho|

Sci. 162:491-498.

Monk, L.S., K.V. Fagerstedt, and RM.M. Crawford.
1989. Oxygen toxicity and superoxide dismutase as an
antioxidant in physiological stress. Physiol. Plant 76:
456-459.

Olson, PD. and J.E. Varner. 1993. Hydrogen peroxide
and lignification. Plant J. 4:887-892.

Putter, J. 1974. Peroxidases, pp. 685-690. In: H.U.
Bergmeyer (Ed.). Methods of enzymatic analysis 2.
Academic Press, NY, USA.

Rao, M.V,, G. Paliyath, and D.P. Ormrod. 1996. Ultra-
violet-B- and ozone-induced biochemical changes in
antioxidant enzymes of Arabidopsis thaliana. Plant
Physiol. 110:125-136.

Salin, M.L. 1991. Chloroplast and mitochondrial
mechanism for protection against oxygen toxicity. Free
Radic. Res. Commun. 12-13:851-858.

Shen, W., K. Nada, and S. Tachibana. 1999. Effect of

3s.

36.

37.

38.

-129 -

cold treatment on enzymic and nonenzymic antioxi-
dant activities in leaves of chilling-tolerant and chill-
ing-sensitive cucumber cultivars. J. Japan. Soc. Hort.
Sci. 68:967-973.

Sommer, A., E. Neeman, J.C. Steffens, A.M. Mayer,
and E. Harel. 1994. Import, targeting and processing of
a plant polyphenol oxidase. Plant Physiol. 105:1301-
1311.

Thipyapong, P., J. Melkonian, D.W. Wolfe, and J.C.
Steffens. 2004. Suppression of polyphenol oxidases
increases stress tolerance in tomato. Plant Sci. 167:
693-703.

Walker, M.A. and B.D. McKersie. 1993. Role of the
ascorbate-glutathione antioxidant system in chilling
resistance of tomato. J. Plant Physiol. 141:234-239.
Wang, C.Y. 1996. Temperature preconditioning affects
ascorbate antioxidant system in chilled zucchini squa-
sh. Postharvest Biol. Technol. 8:29-36.



