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AsA, ascorbate.

ASFRD, ascorbate free radical reductase.

AT, S-awmimo-1,2,4=trigzale.

CCCP, carbonyl cyanide m-chlorophenylhydrazone.
DHA, dehydroascorbate.

DHARD, dehydroascorbate reductase.

DMAB, 3-(dimethylamino)benzoic acid.

F6P, fructose-B-phosphate.

G6P, glucose-6-phosphate.

G6PDH, glucose-6-phosphate dehydrogenase.
Glyphosate, N-(phosphonomethyl)glycine mono-(isopropylammonium) salt.
GSH, reduced glutathione.

GSSG, oxidized glutathione.

MBTH, 3-methyl-2-benzothiazoline hydrazone.

MSA, methanesulfinic acid.

PQ, 1,1’°-dimethyl-4,4 -bipyrimidinium dichloride (paraquat). e
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HEHDCRBBEXTEZ2DOLBLXEERBVIORMENTVE, K751
20CUTRBAABEOBMLVARFBEARVICHIBRX LEEORE NI TS &M
TED, 78— N=RFVERBED—HOHMYIBESE T TCOIHEXTEENLI<
Py F 29U R2=2TREZBRERLILSINZIENMNE, RUEEOHY TB
BMEXRDVERRLZ2DO0MDD, BEXTIUB/NEZLBRXTCEIBOVERNE R &M
Mo T3,

HEFEYLZEETRISLEEGE. —HIT7cold injury” &I N % 5 E A H
NI AETL 5, T O7cold injury’ 2325 L NTEEHh, FLRBILESE
ZBEEHTHIRNEFOCLEVBRCEEINTERVI»OERR STVE EEXS
083

XY Z PORBUET 2 LR IVERIFE/ANS C V. i HIEE
Kb, CNREBEHEMAOBE T cold injury’ 2B Ao DEANREL 379
EFZZXoN, CNoDEHROBMHEANRE I ASITDRATY 5,

Levitt (1,2) & cold injury WHIAN © disulfide bond DRI & » T
HULBEVIRFEZRBERL TWAB, Elisabeth et al. (3) BAY v vy yigipw
T protein-sulfhydryl (SH) ® non-protein-sulfhydryl BEP T3 & %2R L
T2, COZELRMBAAEBEERT & - TBAANBRREBRBRSE I EZ2RLTY 5,
Kuiper (4) & alfalfa RRVWCHAEREELHEELOMBER2HEHS »IT L,

Huner et al.(5) & A3-hexadecenoic acid MEHEMMERES L TWV3 EHEL
TW %, Duncan and Widholm (6) &\ proline OFFMAEEMWH EBEH/LL TV B
EBNXTWVWB, ZDH® Duncan and Widholm (7) & maize callus REBWT
proline BEEMHEOFETELYEHTCRI LV E LTV 5,

CHRFMULUCEEMERBEES 32y N 2BOFHENBRABEEVIUEL S
D770 —FBIHEBLINRINTWVS, Goldstein et al.(8) & E£. coli RHBWVWT

7.4kDa O ¥ v X 2 BRBEENHEOBIRARINZI I E2HELTVE, /Y
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BV TIE Guy and Haskell (DB ATV YV VOERSVWIEELER DAL
HLTOWEVWEARBEIKhBEVW220 Y v N I7EMNRELNZ EHEL TS, X
7= Perras and Sarhan (10) REBUHMI IV DB 8208 v X7 HMNH
HBAKINRTVWBEEHEL TV %,
FLBZREEOFE»SO T T —F 3 IR THY, Sagisaka (11) &
glucose-B6-phosphate dehydrogenase DEUMNKXFTOR TR BVWTHEMT 5
&, ¥ 7 Nakagawara and Sagisaka (12) & ascorbate free radical reduc-
tase. ascorbate peroxidase, dehydroascorbate reductase FOMREEELXF
DRSS BVTCEEMT B ER2-RL TS, Esterbauer and Grill (13) &
glutathione reductase OEWNXFHHME B &2+ 7 e ZHVTRL,
Guy and Carter (14) ® glutathione reductase {EMNEBE M I X Y 66EE £
22 AAYVYVIOELHVWTRLTWS, &5 Anderson et al.(15)
3 # (eastern white pine)2 VT —HOHBILy 27 2Z2WEL. 05

REXBREFEFHIEZRL K,

Keiser (16) % Guy et al.(17) KT Hahn and Walbot (18) & RN &
AR, CNODI YN IVERPBEEHOEMBEEEbLDR VR VEETAER
I X o CRETBEIOICR oD EZZI N5, B nRNA © cDNA OBt
Er o BEEZFENOBET2ZHL AR T IHANVI 22T INTV S,
Mohapatra et al. @ —#H OB E(19-22)TT7 V7 » V7 »y OEBEEMHECHES T 3
BETREE7a—=v 7 &N, Orr et al.(23) & Brassica napus DK &
Wit fE 7 & Arabidopsis @ kin 1 BETRTTAOMEMENRD 5 LHE L TV %,
F 7. Lin et al.(24) & Arabidopsis OEBFENBLE TNV HREREET L2
DEURTHEEI=FLTWE L2 EBEARATW S,

F 72 Sagisaka et al.(25-27) RHP oM AMMMELZE THEEZHY
THHEL, SXDO0ESEHYR I P2y FYT72R3LDELTVEIVEREILR

L g St -1y

.
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A &S5 KIEEBMEIR X - T glucose-6-phosphate dehydrogenase @ & 5
BOKODPOBMBEENEML, CROOBEOZSMNEUBRIFEOREIBMIC
BELTWwW3, % glucose-6-phosphate dehydrogenase & superoxide T &
> CHEEMICAM EN(28), glutathione reductase WHEMALKFER L VFEM
KEREIN2 QR EAHMERIOVTCHSANTVE DT, PNV T [E KK
BRAGFET AL EERLUBE L THERESHEENERL, AU CEH
BEEZBRETHALDREVAVABEBRNFEAGRIN TV SAENRE IN S, :
Kendall and McKersie (30) WH¥MZEREUE L BT I2RREOF A -2 ‘
& in vitro CHIMB2ZEHBETCUE LALGADOD I A—-URIEFREBAMNTY s
o, BELELEHRIBECHEES S LZ2RBLTVWS, LALHE
HEEEZA PLVZ2ETLTCEOIIRAEAHMNEILREL, BESOFZEN L EK :
MEDEIIBEHMATEHIADOMPICEITIAMERD TV IN TRV,

BEREALABRCIIZMBOYS A -V LABOA A= 2Z2ZHEITBILE2HNLE

LCABIERT oo BRARXTCREYRERZ PV A EEALBARET 3 ;
MALOEEE Z OB >V CAEBORIE» SR 2N k. :
1
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BEAAKFELCCHCHEAT A2FEUBEBEIRNDBLBALACH Y., Hiah 0@
LAkFBERS S LHBREDCBRANEER25 2R TEEZILON S, B
Halliwell and Foyer (81) I3 glutathione (GSH) & glutathione reductase A
ascorbate (AsA) HICBBRILAFZORERZRHEHUIT I LEZRLTV B,

M2z EELEST S &L, MRERRNOBMERILAEFLT, HRE LT ATP OKER
RHEEDOERBENET T 5(32), FH ATP OEXRKBOETRETEERDD 3
METCOBTOMMREZILS L, SORIIFRNBAEBE & - THERLKRE
DEIBFEHREEOANZREIDDLEEALONS, COLDBEBILKFZDERSE
RS IIABIEELPEEEEOHE MK, BRI SHHABRELRERNIDO—2 L
Z2Zohb (11,12,34,35), AsA-GSH cycle & ZhicBi5 3 3 ascorbate free ¢

A T WIS AR T T TR A R

e T

radical reductase (ASFRD)., catalase % peroxidase RN S5 DO&EZ2H 5 T

W3 (36,37

RBEAERLEI & > TELT S L RUAASMONTVE, TV T 7 i
VT R BOTRERMEL XV EHBORMAAREL S W, x75csx R

Z W glucose-6-phosphate dehydrogenase (G6PDH) D #E#: & glucose-6-

phosphate (G6P) DO MWE MA#Hm L (11). ASFRD. dehydroascorbate reductase
(DHARD) K U ascorbate peroxidase (ASPOD) D iEHEH MM T 5 (12), GSH & g
Ash 24 E LT BBIADBREZINRI VIRV IRIBRPORORIFHEIN

(33,34), TR/ E 35) MUY EDaY (38) RBVIRERBLERR & »
THBERBEEINIEABEEIL VS, T OBRERRCEERE O
MEEERBECHTIMBEOBEERIETH 5 ENREIN, Cho OMEEH

._4_.




DEFORNRVHEREBREOHBEHNOBRIENREBEREZXFYUHEEHFHNLERA TS
5 & BHIE5 (1),
BIHERVBAETHANBZEBVBRAIUBNEZZBEENE T 5 & BB KF
DEER—BEHIEMTEEEZRAVELE 8D, VW AXOX2EERE» B
WULEE®D 3 LKA TABRIMEKFOEMMAAEL, FHER GSH & G6P ORE
MBEDLITE2LIMEINTVEU0), RTF7RBVTHAEBRILD A b KEOD
BECHEETBIENRARINRTVEIUD, SO6REBLARTSOH TR GSH @
BEXBRATCETL. ChREWVWT G6BP ODBEIETITBZIEMNRINATY B
(42) S HEREBTCOHMBOBLIKETIHEDIHMIIAHBINTY 5(11,43),
HHERBTIToRECAHROEEIIB Z 5 { superoxide anion RBEBILAKFEOD |
OB EHBIFERL I -CHlaR8IINS EEDN B, Halliwell 5(31,36,37), ‘
Asada 5 (44-48). Sagisaka 5 (12,83,385,42,43) 3 HPHMP I L 2EE%
PHOD I EBALY 2B E T B AsA-GSH cycle % ASPOD. catalase O & 5 %
BREVY AT 2Z2FoTW0B I LR RLEL, BEAEIK IV NS OBERILY DK
£%(12,33-35,42, 42 G BEEHOHMMARE OB 2R, COXKREL
LCBBRIEDZNALERER LTI ERIINZIEZRBLTIBD, 2O
EPSHEBAALKFZOVRNVEHEHYR Lo TC—D2DORERZEDOY 7 FNERIBE STV
5EEIZIoND, MBNZOREBTHEBVCHIEBELECHFEINE ¥ v N

7EDSL, —HABBAKRR I TORIKRFEEIN S (Matsuda 5 K
£) o INOCOMPREHBENBERZ PV AN T ABECHEL THRET RS 3
KBS AEBEARYBRALEoTVH T LERITBRLTY 5, ;

B2ETE, MBNLZOELZHVWT, BEERVCALIHNRIEZLBAENZ PV 2
KU CBEZEEURCBEEBERBSVCLEDEL I BEMAREL 20,h 2R
REBND, ALHBSEBILEHAHE paraquat F 72 3-amino-1,2,4-triazole & .
Itk TYED LT, Paraquat 27 oo 75 2 b superoxide ZRAE I ¥
5% & LT(47). 3-amino-1,2,4-triazole & catalase O %f %P A (48,

49)E LTCHVE, ZO4H#, LHEOD I 5-enolpyruvyl-3-phosphate synthase |
O i BT IS 2 HF R B L (50,51), MIATEEMKREAERLEVRAEL L 1

T~ BBE X glyphosate ZH W,




B e M0 5= R 5 Bk

1. AZE

NADP*. NADPH. K O NAD* & Oriental Yeast Co., LTD. o & &2 H W,
G6PDH(yeast). phosphoglucomutase(rabbit muscle). phosphoglucoisomerase
(yeast). glutathione reductase(yeast), GSH & ¥ GSSG & Boehringer
Mannheim GmbH © %5 % B\ 7z, Ascorbate oxidase & Toyo Jozo Co., LTD. O
G2 RH UK. AT, AsAy ¥ & U PQ(methyl viologen) & Nakarai Tesque O
MmAEPHFEHL K, DHA & Darco G-60 & ZHn T Fluka AG (Buchs, Switzer-
land) K O Atlas Powder Co. O#¥Z MW7, Glyphosate BREH @ Roundup &
MmzAHVE, TOMOREZIL2THEKOFTEmEZH VI,

2. HYHH
MBEBNZOEFRIRKBRABBOBHMAUM Z T, BH 28°C (16K [,
10,000 lux ©YeH G ) « & 24°C (8 Hefd]) « #HXNEE 75% O —ERE T TE
WMIBEAN—IF 254 LETCEFI L, BFERT7T-10HEHEO I KBOE 2
HE W H WY 72,

3. K& LM H
BEEVLEIGEHZ22CRETETRBEZAFu—VORBFEREI I ETIT 2, %
4. PQ AL

0.01% Triton X-100 &ML 7z 50uM PQ BB ZRIBRTHHO/NZ DR
RMMICHEFE GO nl / 80 FHE)L K.

5. AT ALIE | :
0.01% Triton X-100 Wik L7 30 nM AT B2 RFHETHEHONE QR
REIcEZEGBO nl / 80 HwE)L o




6. Glyphosate HLIE
S HM UL - glyophosate BREH| (0.8 M glyphosate) Z BIF®R 7THHOD
NEOERMICHEHZE (B0 nl / 80 HE)L i, MHE 1 HUARHYE O R AR
DoN, KDEERBHBCE T LA, HBROLDEBEHBRERUCEBEELER ¢ dry

weight L VTR L L,

7. BRE oML
0.5 ¢ DEHMMZ 2 nl © 5% BEFEE, 0.6 s ODEB L X ABRUI
hZ2HOVWTKETE®RL I, 15,000xg TO o HELDEHEE. LHEWE KHC0; T
pH 7.5 W FI L, 1,000xg Tl HRMELDEE L, COLBEZEHBEOHE R
fER L7,

8. HEHEE M E
BEAAKFRIBIRERAERS HEQBIDTHEL 2,
AsA RO DHA 20T RUFIIR B AR FE(12,02)IHKE - T2,
G6P MU F6P BIRD I I BHMEBEETHE L, $8bB 0.5 nl FIHH K. |
0.5 ml 0.5 W Tris-HCl (pH7.7)s 0.76 ml HEKH 5 R BEME £ 25 ng O
Darco G-60 ZMA T KEAL. 16,000xg TOHLHMELLEZ T . L
1.5 mly 10«1 60 mM NADP*, 10x1 0.6 M MgCl, ZIES& L. T 51 1.75 units \

ERERER (RNOF: 3R N VR |
GSH & GSSG OMWE DB O GSH OWE R 25O WE (26SH) & LTRL i

G6PDH (G6P assay)s 2.0 units phosphoglucomutase (GlP assay), 3.5 units ?
phosphoglucoisomerase (FBP assay) 2 OJHIC I X\ 340 nm ORKXE O IN %
7N E— AWK EE (Shinadzu UV-190) THIE L 72, '
4 glutathione = (GSH+GSSG) & glutathione reductase-5,5"-dithiobis(2-
nitrobenzoic acid) recycling #(53) TXk® i, GSSG BE 2K % 7-®. 200
Ll OB 5¢1 2-vinylpyridine 2/ X GSH 2 <2 27 L 7z, GSSG & ;_

o




9. BEXROHH
0.3 g O/NEZEMHEEZ 2 ml 50 mM Tris-HCl (pH 7.7), 4ul 1 M dithi-
othreitoly 0.1 g #® KT 0.1 g Polyclar AT S EHAKKRCAB K L B
B L, 20,000xg CTELDEHE, LEL2PHBERE L CBERHEHRAECHY L
(12,

1 0. BEREHOHIE
RIBBOMBILULTOEEY E LA, RIEFRE 1.5 nl &L,

G6PDH : 50 mM Tris-HCl (pH 7.7). 4 mM MgCl,. 0.4 mM NADP*, 0.7 mM G6P &
CHBMFEBR. RO G6P OWM T L. 340 nm @ RIEE © ¥ 0% |
LD,

Catalase : 50 mM potassium phosphate buffer (pH 6.9). 11.6 mM H,0, R UH
MHFEB. RCBIHBERORMTHLE U 240 nn O RIEE O BD 2 HlE
U7:(12), Ho0p DL EHEEIE 0.0436 nM~* cm~*(54) & L 7z,

DHARD : 50 mM potassium phosphate buffer (pH 6.1)y 1.7 mM GSH. 1 nM
NADPH, 0.6 units glutathione reductase. 3.3 mM DHA RO HBEE R K,
RIS DHA ORMTHE Uy 340 nn REEOBD ZHE L K (12),

ASFRD : 50 mM potassium phosphate buffer (pH 7.5)+ 1 mM NADH. 1 mM AsA,

1 unit ascorbate oxidease RU M B FE K, X/ ascorbate oxidase
DHEMTEHE Ly 340 nm ORLEEORKD ZHE L 72(12),

2 i fn S

1. #Y&E O RE Lo AL

PQ METCIVNHEZAHEHRIEL2ARRBEAAXRD 5 Nnic, AT AU T3 AHE
RIHE»»SEOR B HBEANRE SN, Glyphosate MW T 1 HUARED
ZRMAEONL, ChEH UL CTEBUETCIREELARZRRD SN 5 2,




2. BEBIAAKFREORIL

PQ L |l HEICHKEAOBEALKFEE X control RKEXNTH 24 (0.6
wmol/g fresh weight) WML 22 (Fig. 1), AT M OBFAIRERBER 2R L
o CORMVWUYRNOBBIALKFZRZIULUESIHEBEEITCRBEDLEL, BELEBOEH S,
BRIAAKFREERESACBB{E LTI (FHRIBEIRERRENS) . TOKK
control SV BDLLEVVLVRLVIETED L 2,

3. BEREOEAL

KEKRT PQ AL 2T &, 1 HEULAHWK GBP & F6P OEE M control O 2
fEwcm U 7o (Figs.2A,2B), MAROREER 2 7 VOREHMA AT LRV
TbRoN7(Figs.24,2B)e Ml ED 3> Izt U T glyphosate ML T
G6P & F6P OBE BHL MITHE D L - (Fig.3), [F6P1/[GBPI{E & control TIZ
0.32-0.42 TdH o 7o, {K7 » PQe glyphosate W &k o THMIT B2 ME 2R L

>

- 0

Ash B PQ MIMIL X 5> T2HLWIK control OKEHITE D L 2(0.95
umol/g fresh weight)(Fig.20), EE R T AT LB RV TD AshA BERET
DU 7(Fig.2C), DHA IBE R PQ RU AT MR I T1 HUARAREZHBKED
e CFig 200 5

GSH BB KR PO AT MEHBIBEF —FE LV XNV E2HE - TV (Fig.2E),
CHREX LT GSSG DEE X PQ M T25(0.1umnol/g fresh weight)\ AT A 3
T 3.6 £5(0.18umol/g fresh weight)iXZh W 1 HLUARAKHEML, £0O
% PQ MECTCRZOVRNVELESL, AT WE T ER GSSGC BER ER LEY - ;

(Fig.2F),

3. MEREROEA |
. PO RO AT MLEEfR. GEPDH ¥5 ¥ 38N %R U7 (Fig.4A) 4%, glypho-
sate MM LA EHBCRIHILPEELOMBE SN2 (Fig.5), NAD® ¥R ML glycer
aldehyde-3-phosphate dehydrogenase {EH BEE KT AT LERIHEMERL 2
By PQAMECTCREIARREONBEPo L (F—F2RBARLTVEV) , |
SEME LR BEEHEOH T catalase RAS H VIEH(1-2 mmol/min/e §

_9_




fresh weight)ZH LTV, COFEHRBREERT PQ ABI LTI S5 REMN
L7:(Fig.4B)s — A AT ALHEIT X U catalase FH R 1 HUARARKZEL2RHEEI L
fo(Fig.4B) . DHARD WHH BERER KT PQ Mt & - THEHMU A AT A2 L
RGEaRALRBEBD SN - 72 (Fig.4C), ASFRD EH & PQ ALHEIT X » TKA & <
L 7-(Fig.4D)o — i+ glyphosate MLIE L /o EE T, catalase, DHARD, R U
ASFRD HHRBEALA LB o (F—FRBRLTWVWEW) ,

BHE. PO RU AT BRI Z2BHRBERCBIEROREIL:E Table. 1 &k &
Wi,

e =" L = =5

MY R BB AR EOBIYBRERT 54 FCAEFELET 210, Mk
BIRBEEOBEANS Y, BRABELI IRV ES CARILY KL BH2
FUTIBRENRSBEEALND,

G6P 13 G6PDH & OIS T NADPH 2ART 510, ML ETRBIESOK ]
KU THBHEER 5N B, [FOPI/[GEPIOHAEE D PO MBI & » CHMT 5 ©
ik, G6P 2t T BB, NEOEERFEY TS5 fructan 5 O F6P 1
DERNEAL D EEZIONDB, GBP DL X)L & G6PDH oFEMH O MIE, B |
LAFBREROFHESNBRATCREMALEL TV LD RBARIEE & %

A5N B,

B R BBALMIE I £ D catalases DHARDy JX OF ASFRD JE#EMBINT 3 & &

B, ChOOBMENBBRILKRERET I LD EEH SN LELIONE, BE ?
FURO S v N7 BERBEELEEY | HERARSNBD 5 NI THY 4
(Matsuda &5, RRERK) . CHOoOBEFTUHOHEMOKBMEBZ IO L LR —K

T2, COEHRBEHERZOREEHHEKETIBEEHOMME &R
o BEAEIL T 2 nRNA OFHASH B O CTCOMIEEK, 1IEM» S ES N
U224 T5E# 3 5 (Matsuda 5. KREXR) . B2 v 233 BERY
BNHKTFERRZ s v A 706 RHEBB OV TR, HOARKROVWTREEAES
Mo TWIEW(55),




PQ ALIEICT & - T AsA .U)V’\“}I/ﬁitf:fﬁ@ GSSG DBEE R EH LM, o
BUTOE3REIOND, 78T 53X PHNT PO K& TAERLUL super-
oxide & AsA @Ik L T ascorbate free radical 24 L (56-58), & i A
ASFRD I & - T Ash WK &N %5, Superoxide 54 U 2 @EIL/KFE b AL
Ash 2 # L T ascorbate free radical 24 KT 2N, COREHEE R
superoxide & DRI HNTEWVW(GT), cocthrofiBEROBEILKER
catalase ® GSH OHBZMHSEBIENLBLRIEBOR L>TEHREEN S, TOK
5T AsA BERIL S v, DHA 2 A B L. DHA A% DHARD O fil 8% 4 B (59,60) T AsA
KERED, R ELLTGSSC ov Ry R¥EMYT 3,

INEDOXFMEBIEZE Y XV D glutathione peroxidase (0.06«mol/min/g fresh
weight) 28 ATVE N, BRAEKFLORICEH&EE pH 7.0 BV T 1.5 nM
GSH KR U DHA L DIBMFEHRRICDO N EW(36), T, AT W&o THiflnE
H D catalase ZHEFEL GG, MIREF ORI OEBILAKFEIT AsA & GSH
KL BIBFENRRISTHREINS EEX LN, MR ELUT DHA & GSSG A4 B
95 AR L DHA & GSH K& - TELE . ZOMRZEOD GSSGC AHAA
WER T A, 7. PQ /1 AT MO XS GSH BIHBE IR GSSGC REE T
5E9BEFHETCTD GSH OREREZEINLLEVOR, MIAECHFAT 2 BEBILKE
ZBRETBRLDREZLAD GSH BFLARIN TR LEILNDS, 2O
CERBHMEAOELTNZ —ERRO2KLDDOM OO HHBEMMAFLET 5 &2 i
BLTW3,

— i\ control W3 glutathione reductase OWFEM & 0.24mol/min/g
fresh weight T» V., COFEHIEE. PO LU AT MBIk X TEMHLE D 5
RETE T aBRLTHENT f

INOoDHHRIE, LBDODZEEEZEXIADLDETD Halliwell 5 (31,36,37)A BN
&Sy GSH & AsA RAEBERNRUCIIFBENCARBRALKEZERET 3 K&
ZHoTWB I EEZRBLTW S,

o DFEFEERERIPOMIE PQ THUE LGS, ARBRALEBRERIEIEEL L T AsA
AEE, T GSH M. AT TUELALEACRIBRERRIE HFoBLH 2
ALTw2aNREEL LT GSH WHBIEKRRER KRS BE&IHZH - TV BT & AR
RINic, COZEhoMNTRBALEZ2EBIT2E&H 28 ARBILYBRER

_11_




X277l 2 e HBESISAEIFPIVYFIRFYTTCRERSTVBEIENERS
¢ B g

= o— T RS

ME/NEDOIEREE . paraquaty R T 3-amino-1,2,4-triazole TAHLH U X #
tcoRZE2ZEBE L, BMIELLEBREHEROCEERBE X glucose-6-phosphate
dehydrogenase. catalase, dehydroascorbate reductase & U ascorbate free
radical reductase O X B X EM . hydrogen peroxide. glucose-6-phosphate,
fructose-6-phosphate. ascorbate. dehydroascorbate. reduced glutathione &
' oxidized glutathione DWE ThH o/, Th o 3HOUMBIR IV MBAHOA
BMALMRUOBERER 27 )VORBERXE ML, MR CESRBERZREI LS
paraquat LI X » THIfIN @ ascorbate WBERIFLIRD LN, o 2o
DMBMTRIOBPIRLNE D o, Catalase DR EMHEHNTH % 3-
amino-1,2,4-triazole THIf@a 2 W L 72543\ oxidized glutathione I E A%
BEW A % o 7o Glucose-B-phosphate dehydrogenase #H#H X 3 DDA § X T
KBV THMU A, AT ABRIEYZAERL XY glyphosate THIE L 7t
BRBIOEHBED LI, Catalase. B L U dehydroascorbate reductase @ 1
SRR AL fOF paraquat M K OO L /A, 8-amino-1,2,4-triazole j
THLIE U 728554 1 & dehydroascorbate reductase HH R EZERZIE DI SN Hh |

72 . Ascorbate free radical reductase ¥E M 3 paraquat W2 L7-HESICD &
FOEESEML s i
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Fig. 1. Changes with oxidative treatment in the hydrogen peroxide
levels in leaves of winter wheat.
Each treatment started at time 0 when plants were 7 days old. The first
leaf was measured. @, control; A, cold; B, PQ; O, AT.
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Fig. 2. Changes with oxidative treatment in the substrate levels in

leaves of winter wheat.
Each treatment started at time 0 when plants were 7 days old. The first
leaf was measured. A, G6P; B, F6P; C, AsA; D, DHA; E, 2GSH; F, GSSG.

@, control; a, cold; &, PQ; O, AT.
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Fig. 3. Changes with glyphosate treatment in the substrate levels in
leaves of winter wheat.
Treatment of glyphosate started at time 0 when plants were 7 days old.
The first leaf was measured. A, G6P; B, F6P. @ control; x,glyphosate.
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Fig. 4. Changes with oxidative treatment in the enzyme activities in ;
leaves of winter wheat.

Each treatment started at time 0 when plants were 7 days old. The first
leaf was measured at 25°C. A, G6PDH; B, catalase; C, DHARD: D,
ASFRD. e, control; A, cold: m, PQ: O, AT.

_18_




G6PDH

pmol / min / g dry weight
N W
T 1

I

O | ) L |

@ g

Time (day)

Fig. 5. Changes with glyphosate treatment in the GBPDH activity in _

leaves of winter wheat.
Treatment of glyphosate started at time 0 when plants were 7 days old.
The first leaf was measured at 25°C. ® .control; x,glyphosate.
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Table 1 Changes caused by cold, PQ, or AT treatment in the suvbhstrate

levels and enzymatic activities.

Treatment Treatment

Substrate Cold PQ AT Activity Cold PQ AT
GBP ++ ++ + GoPDH + +++ ++
F6P ot ke + CATALASE ++ L s e
AsA NC . NC DHARD + ++ NC
DHA NC b NC ASFRD NC 4 i
GSH NC NC NC

GSSG NC ik kidck

+, Increased to a level less than twofold of the control; ++, increased
to a level more than twofold of the control; +++, increased to a level

more than threefold of the control.

-, Decreased to a level more than half of the control; --, decreased to

a level less than half of the control. NC, not changed.




= 8 Bx

FLFRE /INZZ=E O ZFEHRH fE T I T S
1EC ¥ AUL EFHE i B2 D & R 1K VK 3= oo 38 B 199 N

BEHRIEALOE., ZHELEEY IV —EOBEEHOENT 2 RSN T
W5(11,12,33,34,43), it Z B o RBRHRF T 2BEFZHOENIRED S
N, ChoDBEFRBEERE TTCOBILN I AU rofil2Fs TWVB EEZ
ohrd, BEERETTRARROREEENE T T 5720 ATP OBERE KDL T
5EZEXOoND, COIINBNBRETCRETINRETFEERORTEOBRKE TR,
MRLELULTCEFTD)—I7MNECZLEEDNSE, V-2 LEEFRIHABNCEES
TERIBU. BEAKFZO LS BEMBERE 24K T 5, Patterson and Myers
& Anacytis nidulans OXERFRZHVT in vivo RBY 28I OLE K2 ,
RLUTW 5 (81), Asada 5 (44) & Robinson and Gibbs(B2)IZ BB LA v L v E :
DrwvuvZ32bZ2HV. invitro TOBBILHOEREZRE Uik, BT Wise
and Naylor(63,64)!& chilling-enhanced photooxidation W 2oWTHL L TV
Do I HI Sagisaka(41)& Puntarulo 5 (65)R X 7 5 DK KU KTE O Ik 2 H
WTEHRRBEOBBILYWOMEL e LALRBMNRS in vivo TOBEEKRGER D k
HERERAVOAEBR L ODVTOHRERZR IR TRV, ‘

AF T 3-(dimethylamino)benzoic acid (DMAB) & 3-methyl-2-benzothia-
zoline hydrazone (MBTH) @ # v 7V v Z RIS (66)%2 H W THIE/NE R B 3 &
AR DOBEOBBILKFZOLVRLVOBME2RA LEERE2 BN 3B,
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1. AFE
3-Dimethylaminobenzoic acid(DMAB), Aldrich(USA);3-methyl-2-benzo-
thiazolinone hydrazone(MBTH), Nakarai Tesque(JAPAN); peroxidase(horse

radish), catalase(beef liver), Boehringer Mannheim(GERMANY); AG-1, Bio-
Rad(USA); ZTOMDORERITIRMZ H WV,

2. EBEHVH
A0y ) ALAFOETR24HEMOBKE. FORKIEALN -+ 2754

PEEREL, AHMALKERL L2 - ERECHETAEFT L, 20k,

10,000 lux O Z2HH L, AEFXFHRIKEBRB28CHE24C. HEI6ER & L
o BEBR7THHO - KHEHOEZERBICHY., HHAT 3KM 10,000 lux OX
PHEAE L, BELABBI Y Yy IV E2A4TCORBAFo— VOBRAANBT I LR &
> THTole F2aV VRBMIROEZMAL, RKBSEHTEE « LWL T I,

3. i EIL K % O i
0.2 58 OMEDEZ LIRS 29 ) OFRIFOCTHRELLKEA VT2 nl
D 0.2 N HCIOy & 0.1 ¢ P & EBIEH L, 20,000xg TH A RMEBLSEHL 2,
HC104 2B {7, EHEEZ 4 N XKOH © pH 7.5 WehFI L, £ T 1z kKC104 2
1,000xg T 1 HoMELZEHEL KBV, EHE200u] 2 1 nl © AG-1x8 A# 7 A K
M ATy 80041 OREBATHR Ly W M2 8 B L A % O M5 R 72, 5

4. Catalase AL é
10 units @ catalase » FEBHBEICMA, 20CTISHHAUE A2 4T - 126 l'
TO®. 1DHBEIPOEBIR LULTIREZELEL 2,

O. BEIL/KFEE O HlE
ﬁmm@m&@1m1®%$m\wwna>m&mnms%ﬁto&wm
D vBEEE A (pH 6.5), 80u1 @ 1.31mM MBTH KT 2041 O® peroxidase
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(0.25 units) THREE 1.5 ml & L7, RIEWEZE25°CT peroxidase ODHEMIT & -
TBEB L7, 590 nm OREE O M % double-beam spectrophotometer
(Shimadzu UV-190) THIE L =,

G S g S

SAEHVWKEAFET, BREKFZFEEOCHERCE IZ2REHR 2 »5 200 nnol
ORI TcHEHBMEZRLK, Table I RARLAIIREARHABILAKZLBERNTH
oo & 51T, peroxidase RASs TV VR TCRIORIBBEFTLED - L
» L peroxidase 721 (-H20,) THEHTORXEEOHMMMARBD S (blankf@) o
Catalase TTOBEBMEKR I RBBELEEEZLE T 3 & -H0, ERUMZE T 590
nm QWHKERED L,

BB LIE/NZDOETE, BRBRAEKFOBRE T 4 CREATAIE I & » 2 8 i
U~ control VXV O 3FEIXIL o 7o (Fig.6)o BEALKZEE ILNEEKS O
CHRBESBY, ZORBEHEOEEITHA UL, BEOEMBIMNELI 54T
Kbolo, HEHNREHEZ Fig.8 WALk, ThiRHLTUEZITDRE WD (28
C in the light) TRBEIKFEOBEE X 0.6-0.8umol/g fresh weight T& -
e (Figen8; 1)

8CHEFAUEZIT > DDOR 2L BRUNIER 2R LE(Fig. Do 1 BLUAR AR
BBREKFREOETAELGN, ZORIDEEIRH 0.24mn0l/g fresh
weight KRNI, F 2V VO FEOHADBEEVUEBR IV LSFEALCHENETEBE
LRKFOEFENS SN (Fig.8)e F 2V VDFEDOHEA. control T 0.2~
0.4umol/g fresh weight EEOBBMILKREBE CH oADK L CIEBUNE
BICERIVUER I BLUANRZOBENRY 2.5 FIoE - 72 (Fig.8),

Sl = =L

%@@@ﬁ*%@ﬂﬁkmmt%@i¥%§®pﬂwM@e%ﬁ%ﬂﬁ?éﬁ
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HITBREINILFETHB(66)e TDOHEKEWEH XL ascorbate © GSH O & 5 7
HBHBRGAET I ETHEZNOBRA L CHFERBUHEBBILAFEAEFE L L
THWAZ ENTX B (Table Do SHOMERIVBRLAIUBNZOELAG L B
WT, BEEUERE X TABIKAKFORBENENT A L 2RLE, AIEORKE
MBI L2 BBLKFORBEENMIF 2y VO0oFEEBVW I RN, TR
CORBRBIETFEER»PSODEFTOY —I7REBREIH, COBFBFRMHBAT
BESTERBUTBBILKERER T B EERELTYWS, MENEF YT
BARAABERBV IO DHBEACERE LT VAR YBREBREOEEN LN TS
D (12,33,34)y TN 5 D scavenging system BAEU T 2 BBILAKEZOEE % b
HB—FEDBEVVRNVIHEFILIORFELTCVWEREEZIONSE, TN dD sca-
venging system OFHE T TCHEOSKEOBABILAZENEEN I s TREXR
5B BEBFALABRII s CNEZOEMBARBVTIER R Z 2 O BE{LK
EBREBELTVBEIERREBLTVS, ThicH LU T28CREFT CHLIE 2 15 » 7 /)
ZOREMBTCIBRMAEKFZOBEBTMNRES N (Fig. 2), TOZ :REELA
BMIAKZOAEABRBIEEOBETORNMEENEDO L > Ao »OEKE &SI
HINTELEEULBILEERLTVE, S5 RBDLEBBOEABILAZOERNE
MBS &5 BWREPL, LR BBMMAFZREBERESRBHIIENTERL
R s, BRBRIKEENELCZ EEZI o0 2, BEELE ORI EELK
ABRERT IBEMIFRFARILERD 5,

B =SS |

BELUEZE LU KB NEZOEOHBILKZEELZHE L, BB AZEOHR
ERIERULEZHB LA control ORI iMUL, 15~2008Icizd 0L
NNVRDEST, WMEBEORBILKEOHEEI 1.5umn0l/g fresh weight T -

>

o <)
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Tablell Specificity of the Assay for Hydrogen Peroxide

A at 590 nm
H,O,? Sample
Complete reaction mixture 0.163 0.179
—Peroxidase and H,0, 0.001 0.001
—Peroxidase 0.001 0.001
—H,0, 0.056 0.062
10 units catalase® 0.049 0.064

@ Authentic sample, 20 nmol. ® Treated 10 units of catalase for
15 min at 20°C.
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Fig. 6. Abrupt formation of hydrogen peroxide by cold treatment in :
leaves of winter wheat. :
Seedlings of winter wheat were grown in a growth chamber. Before the :
cold treatment, the seedlings were exposed to 10,000 lux for 3 h at 28°C,
and part of the seedlings were moved to a dark ice-box at 4°C at 0 time
(4). The control seedlings were kept at 28°C in the light (e ).
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Fig. 7. Effect of light intensity on the concentration of hydrogen
peroxide in leaves of winter wheat.
Seedlings of winter wheat were grown in a growth chamber. Before the
dark treatment, the seedlings were exposed to 10,000 lux for 3 h at 28°C.
The illumination was terminated at 0 time and kept at 28°C (A ). The
conctrol wheat plants were kept at 28°C in the light (@).
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Fig. 8. Abrupt formation of hydrogen peroxide by cold treatment in
cucumber cotyledon.
Seedlings of cucumber were grown in a growth chamber. Before the
cold treatment, the seedlings were exposed to 10,000 lux for 3 h at 28°C
and part of the seedlings were moved to a dark ice-box at 4°C at 0 time
(a). The control seedlings were kept at 28°C in the light (®).
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IR & UL EH T X S HEfH kT & J S
S 2 fE Jk I D £E B

s = Iy =

BERALEOR (R2HE) RUCKXFOMBE/NE(12)I DOV T, peroxide B EBF
ODEMNREMT 5 2R LI, CORZIBEERETTCHEABILKFZOBENLS
F0,. RN TBREBEDOD—D2EEFEALN 5,

7007532 PCBOVTRIEBHTFTTCEBLERITS EHPIE "chilling- |
enhanced photooxidation &R EN EILEEFEZ X F 5(63,64), BIETHBXN 1
EBVRRABBOHENOBBIAALKFZORBENRBELUIBEBR Ko T—BHIRE T 3
CERERLI(BY), COZEREENBITE > CRHIITOEBILAZENAERL T
WBHRZTELZRLTWV S,

ZADHYRBEEGRZITOLDRVHMBLZFE> T, oD EXEGRMEEB D
WCHBELAEC IV BRI YBREBZOBEUERT T2, ChREGRZTHLE
VHEAMEERE T CHBAYREZE®E 2L E LI EZIE2RL TV S,

AETREHRCHEEBELAME TSI EIRED, EHBZLZYTCBIEEHRZITDLREY
EMETCOIHEBNAMAKFORELRE ZACL2HLAAR LAER2R L L, BEL
KEBBEESFRKDFRELINIBECOTHEYNTHY. CORDIHE
NTRAF VI —FR I THEINRTWS, EB, NADH oxidation @@ (87)
% NADPH oxidase(68)y I P2 F U 7(B89)H S DBEE(L/KE F 213 super-
oxide DEBMEE IR TV 5B, 2

XKEHTOHMY TR 7ol AV RETFORIARBRIZVEISLEEZILN
A, EHMBREL ISV TIREREBSETORPVEVRIIPIV Y 7HOBLN R :
ftEffoTVEEBTEERE DB LEX LN 5, ?

AEOEBTR, IPIVEFITOBTFORNMCEEZEIDIVWS 2L ORE é
CEBUEIIDLETCHTY, FAEEABRMBETIZ2ZLBII2BBILAKFORED
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ZlAbFANTT, IP2VYFYTOBFORNDHEEFER & L TR, cytochrome ¢
oxidase DYEA T 2B CETOHRNZIET 5 KCN(70) KT NaNs(71) Z AW
o SHEBOLLDIIMPIVEEYTORMEER TDH S carbonyl cyanide m-
chlorophenylhydrazone (CCCP) iz & % ML3¥ (72,73) % 1T » 7o

oW EMBBY 2 BMILKFOLEEMN, BEELEBORN Y T HiRLE
LEbO2BUMEBLTCEE2RDLGARIEZTSZ I EZBRT,

- Serer i =SS I

1. A3
3-(Dimethylamino)benzoic acid (& Aldrich Chemical Company, Inc.
(USA) Db D% H Wi, 3-methyl-2-benzothiazoline hydrazone, KCN R T
NaNs & Nakarai Tesque,Inc. @b ® % H W7, Peroxidase (horse radish) &
Boehringer Mannheim (Germany) O3 D 2ZH Wi, B4 &+ v REMEIE AG-1x8 &
Bio-Rad (USA) b DZ2{FEHL 7z, CCCP & SIGMA Chemical Co.(USA) DD %
L, ZOMHMOAERIFHEmZH WV,

2. EBHMH
Fo Yy ) A AFORFRB22UEHOBRKE., FORKIEBLAN-IF 274
PLEEEEL, AHEMAILIKERBR IZ2—ERECEREFE L, ZTO®,
10,000 lux X2 HWEe L, £FRXHRIKERM28CEM24°C. HEI6KMH & L,
RER7THHOZMBZEZRBCHVWE, COXEMERZ 7T VIS4V RAARRK,
28CT 1 KRBT CRIMELTHA S, 5~30COEELEZIT- . BEUER ;
EEEOTY )~V ERBBBTH - . E

3. KB MHE
BEELEZI 7N IFTA NV A A 1EH2CTCHIUE 2T kB 2-5COD

TP/ —VEBPRBET A ETHT - o




4. SRR L s 0H
KCNy NaNay RO CCCP W XV MEBETAZHNLY 0.6nl © 0.1nM OXHE
B EHBERB I A ER LTI, CORIGRBEMEZTIHAR
RERIIMBRIOZEBRT EBDOHETIT - o

5. #BEALKFHE DM E
HMBPORBILKZEERIBEIHCBRALFHEBDTHEL L. £ .
AsA B DHA BB 2EEIWARNHEHE(2)T, GSH R GSSC dH 2 HIK BT
F (B THIEL 72,

72 Ml 2 s SR

MB/NEZZMBEPOBEBALKFZEOEER 0.1~0.24mn0l/g fresh weight BE
TdHoto(Fig. Do ChH LT, BELEEZBLADORIUERS S LUARBER
EARKFORBERVLEM/MREITCEZE > (Fig. . TORBLARR X - L @BEILK
FOVRNVBEPFTLEBED, S6RFEFLEMULEDTEZA YV —Y 2V 2H80VEL
s

| KM -5CTCRBUMLA®R, S0COBBTCMELEZIToLHEAER DRI
—RORABRIKKFOREHMNLRBD 5 i (Fig.10),

Ash DREREELELSSBREBHSMIKETL, DD DHA O v RV A
MU (Fig.11)s Z D% AsA & DHA DV RNVBBARARBEDUVRNVEES I,

GSH OBEEIE AsA ERIBRKERLIBR IO ED LM, GSSC OBEE I GSH @
RECHBEBSIBE—-ETH - I (Fig. 12),

XM EZ KCN T LUALEHAE UHEKRIOSHRICEELE & [ — K728
ftkFBEOHMRAEON, ZO0HBA YV —v a VEERAE S 2 (Fig.13),
EXAMBmEZ MR NaNs T LB AR S, KCN BERB &V LTRBVEDL S I
DBBMALKZOBEBEOEMEA YLV —Y 2 VEERBED SN (Fig.14),

Chkxt U CcEMBAE CCCP THUHLAEHAE. KCN ® NaN; AEBOBR ASH
TABILKZOBERMPA Y Y —V 2 vEBEEBELNE A o 72 (Fig. 15),

e T e 3
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EEMEIE Y > CAERHBR AL b O L MRS ARIAZORME + &
Loy s vEERES N (Fig. 9. R EEMEI X5 Ash RO GSH O BEE
T& DHA OBEHM(Figs. 11,12)bHMIBNTCOBBILKFOLERZREMT TV 5,
GSH OBMEHNED LD Shhbs T GSSC OWERMM LKA o - Bl 3 b
B TORVA, BE5 EILENT GSH A0 SH 3B, BIAES v NI ED Y
AT A VERFEELEGLLLEDEEZEIOND, COERRIVERULEIR LS T
BRI KEOLERT BRILNEDROBESC ERTESNE, CORRBEA
BEAOEOEMGEAV, S5 1 BHOBEMESF - 7% EE0E %8
LTWVW3, o THEL2HEBILAKFER 2007532 PHTORAEKRBER &5 T
HEULB33DTREA, I P2V F Y 7TCOBTORNOBEBEREISTHEL 24KF
BT ABME N T LA T A LR I TALB L EbN S, ERMME LML -2 |
MBEEEED B2l ko CARILAEREL S EE, BEFLCOVABT O |
RNAACEREEY, RHEFREC LD EEZ LN B,

Fo-5CT | BRI ATAMIE 247 o 72 ZALBE 2 30°CIC U 4 1c b 20875 38 B Ak K ;
ZOMMMAS 5Nt (Fig. 102, COBHRKS>VCRMASLNTVEETORA ;
RABIKDBEOUVR VRSB S ) — 2 FHBIARETSLDELER LN 1

>

- 0

CNODBEBILKFZOLERGHZHALAD LD, I P2V F ) TOEFOR
N5 T2 BRCELINEZIT s, KCN RO NaNy B b2V FY 7TO&ET
(EERHP D cytochrome c oxidase %2 PHEIFT A2 HMTHV L, FFE/NE O XM E i
Z KCN T L7 E, Fig. 18 RALN DI LR —BHNRBRIIKEOEEH
MEZDRDOAY V-V 2 VEERBD L, BEELBERIERLEEHZ2RL 2,
WA DM IE NaNs T LB ARDIAD 5N (Fig.14)s I bPI Y FYTTO :
BT GEER A OBBIARE R AE HELTWE T & AH 55K :
o ENLOBBMAKKBMEOHMOFERUTOLS BBl sh 5, Mz _
KCN £ 7 NaNs TUE LALEE. S b2 FY 7HD cytochrome ¢ oxidase ‘
OPHES T 2B CcCETORMBMHIN, V-2 LAEBEFRIEBEZESLFLEALT }
superoxide BB AKFO LI BELBEELZLL 5, w
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—F CCCP RE-> TETOFENZHRAEIRLEEGRE. ARMEKFORE K
ftrEHohd, SOREBEELE2ZTo CO BB AKFOREREALLLE» 5 &
(Fig.15)e COZ EREBEEUBR I > TEHEL2HBBILKENRI P2V FITOR
FEERTRAELTVBIEZRBLTVS, LALEBASBBRILKERLE OF
A A= 2B HS AR IN TRV,

MY OEZERMELLEE, AR KFOERBZLCTRLI N AN, £
MBOBAE. CORRRACTRBDONEPo L (F—FRBARLTVEY)
COBVEEBLEOHRARLAEZEHOZRERNIZDBDLEI TV %,

REBEOEATCE VYWV R VOBBILKENRELLLEGE. Vv X 7HARKHE
S33BETREOHITBHEEELZE XIS EEIONS, EREBELER LD
glucose-6-phosphate dehydrogenase OEMAE A & (B2F(74)) « EE
MBI THFEHINZI I UYANIHOA, OO BBEBILAFR > THES
hadZ& (BMHEHS, KRER) FdHoOoNTWVE, TS ORZISEHOER DR
REILK—BITHIHNETH 5,

S%. BB KFEROA A= L20FME2HFARNLIBLEND 5,
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A2BEHLTOBVWESETCUBNZOXZEELE (-5C) Ll s, @
BALKFOBEAUEERES SLUARULUELEVESGOOMHEET L, 2O L
BERUERBAANEGE 25 S ECITEENRIEDL TS 2, T2V EVREE
THINSFAVOURLVOBDLPBIOBHBLERS B LALERZRLEL, &5
Ky IPIVEYVTOEFOFN%Z cytochrome ¢ oxidase DIEH T 5 T F
$THRETHS KCN © NaNs T/NEZEOXZME L TH A&k 5 @B LK FEEREE O
MR s, O LRI EBERELEOBAL 2B8BEKRKFZI Py F Y T7HOD
cytochrome ¢ oxidase ODIFFAI BB CEFORNBEBRKET IS L& TR
3B EE2REBLTVE, FRER (-5C) KE-TLHABMZICCREBIERID

BEALKFOEAENEI o/t CORRBRIHBEANTCOBRBILKZEOLEEMN I b 2
VFYTOBFEREREEAZLBEELTWERZEZRLTWV S,
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Fig. 9. Formation of hydrogen peroxide in stems of winter wheat during
early stage of cold treatment.
Stems were wrapped in aluminum foil and pre-incubated at 28°C in the
dark for 1 h. The control wheat stems were kept at 28°C (® ), and the
cold treatment was done by moving the sample into the ethanol bath of
-5°C at 0 time (4 ).
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Fig. 10. Formation of hydrogen peroxide in stems of winter wheat
caused by re-warming after cold treatment.
Stems of winter wheat were wrapped in aluminum foil and incubated at
28°C in the dark for 1 h. Then the sample was incubated in the ethanol
bath of -5°C for 1 h. After that, the concentration of hydrogen peroxide in
the stem was measured (@ ). Re-warming was done by moving the
samples kept at -5°C for 1 h into the water bath of 30°C at 0 time and the
concentration of hydrogen peroxide was measured (a).
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Fig. 11. Changes in the concentrations of ascorbate and
dehydroascorbate in stems of winter wheat during the early
stage of cold treatment.

Stems were wrapped in aluminum foil and pre-incubated at 28°C in the
dark for 1 h. Ascorbate and dehydroascorbate were measured as
described (12,52). The control wheat stems were kept at 28°C and
ascorbate (® ) and dehydroascorbate ( 0 ) were measured. Cold
treatment was done by moving the sample into the ethanol bath of -5°C
and ascorbate ( A ) and dehydroascorbate ( A ) were measured.
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Fig. 12. Changes in the concentrations of GSH and GSSG in stems of
winter wheat during the early stage of cold treatment.
Stems were wrapped in aluminum foil and pre-incubated at 28°C in the
dark for 1 h. GSH and GSSG were measured as described (53). The
control stems were kept at 28°C and GSH (@) and GSSG (0 ) were
measured. Cold treatment was done by moving the sample into the

ethanol bath of -5°C at 0 time and GSH (4 ) and GSSG (&) were
measured.
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Fig. 13. Formation of hydrogen peroxide in stems of winter wheat
caused by CN™ treatment. ]
Stems were wrapped in aluminum foil and pre-incubated at 28°C in the i
dark for 1 h. Hydrogen peroxide was measured as described (39). The
CN™ treatment was done by immersion of stems in 0.1 mM KCN in the
dark at 0 time at 28°C and the concentration of hydrogen peroxide was
measured (@ ). Cold treatment was done by moving the CN”treated
sample into the ethanol bath of -5°C at 10 min and the concentration of
hydrogen peroxide was measured ( 4 ).
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Fig. 14. Formation of hydrogen peroxide in stems of winter wheat
caused by NaNs treatment.
Stems were wrapped in aluminum foil and pre-incubated at 28°C in the
dark for 1 h. Hydrogen peroxide was measured as described (39). The
NaN3 treatment was done by immersion of stems in 0.1 mM NaN3 in the
dark at O time at 28°C and the concentration of hydrogen peroxide was
measured (8).
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Fig. 15. Effect of CCCP on the concentration of hydrogen peroxide in
stems of winter wheat.
Stems were wrapped in aluminum foil and pre-incubated at 28°C in the
dark for 1 h. Hydrogen peroxide was measured as described (839). The
CCCP treatment was done by immersion of stems in 0.1 mM CCCPin
the dark at 0 time at 28°C and the concentration of hydrogen peroxide
was measured (®). Cold treatment was done by moving the CCCP
treated sample into the ethanol bath of -5°C at 10 min and the 1
concentration of hydrogen peroxide was measured ( 4 ).
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A 72 AL IE 1= = S EEfRH o B T S5
H v d r o x ¥y 1 R a d i c¢ a 1
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FoOERUVABIECEENEOR., MYOERCEMBT IV ITARILKREO
BEXA—BHCIARIEVERERICHENTSI LZRLIE, BEAEK LT
M AHEBLKRERERT 2AMIRIEEEHsAR IR TV, BEST '
Do EERBILAKEZENENRT H2DOTIEE <. £ superoxide RAERT % & F X “
bNBb, MBEANOBEILKFE L superoxide DEENFVRBRIE >t E,. &
SRR D E Y hydroxyl radical MAERT 2 ENREX LN B,

Hydroxyl radical ® 4R R superoxide & @MLK FEIC & % KIS (Haber-
feiss reaction)(75) & 2ffigk & @& L /KFE O KIS (Fenton reaction)(76) A%
50T\ 5 (Scheme 1, 2)o Hydroxyl radical WIE# I K%M radical TH Y *’»
B EOHE TS v N B I BEE S B EAEORBYER !
B UBAL R KEEIL 2T B2 ERMENTHB Y (77-79), MIMANICZLE DO hydroxyl
radical MELELEBHE, HIEBERZE I A—-V2REL, IROXBOFKKEOD
=R B ELEFZA N %, i

Scheme 1

Haber-feiss Reaction

Holls + 0a™ == "0H + 04~ # 0,

Scheme 2

e Y T T AR S S DS T s
% (R RIS LA S8 PP =

Fenton Reaction

Fe2* + H,0, — "OH + OH- + Fe3*




—Fs 72808753 APRBREOHFEOEE. dinethylsulfoxide (DMSO) A H %h 75 £&
BANWIE B ENRMOoN T S(80), 7 DMSO & hydroxyl radical O H € #l
ELTHBHONTVE@), THoDI AL HMERABNEEFOREELE 2R
fELca MldA O superoxide LBEILKFORBENR—HBHNKEZD., Ch
5o HEMT S hydroxyl radical PHMBEOFRBOFEEDO—22 B LTWVE I L
RRBINILOT, MildAN D hydroxyl radical O#IE Z R & 72,

Hydroxyl radical BQHIAD LBV RIEHVE S EZNBEERIFFCEETH
50 Wo TAM T DMSO & hydroxyl radical tORIETH T % methane-
sulfinic acid (MSA) 2 BIE 3 5 Ml # & (82) % H» 7z (Scheme 3),

Scheme 3
CH4-SO-CHg + 'OH ——— CHgSOOH + "CHg

DMSO methanesulfinic acid

Q
CH3SOOH + Ar-N=N*— Ar-NN-§-CHg + H*

C.F.Babbs and M.J.Gale
Analytical Biochemistry, 163, 67-73 (1987)

Poy et == B 5 &

1. AE
Dimethyl sulfoxide (& Nakarai Tesque (Japan) © b D % {f 5 /2,
Fast Blue BB salt & Sigma (USA) ©Od D %2 f#HH L/, Methanesulfinic acid
(& Lancaster MTM Research Chemicals (England) Od DO 2ZHFEH L, ZTOMHOD
AEISGHAHAO S O 2V I,
2. EBHMH
AR YY) I LAFORTRUKHOBKE, FTORKIEALAN-IF 2 7 4
PEREEL, AHMAIKER/R I ERECETEETE L. 0%,
10,000 lux o 2mEH L. £FRXHRIKXEBRR28CHE24C. HEI6EM & L
Lo BEZ7THHOZMBZ2ER AV, THHOEZMBRI 7LV I A LA
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A%, 0.8 ml @ 20% DMSO T28C—T 1 BB Ar CRIMME L, -20~30COEE
MEBIZEEEDODL Y ) —NVEhBEBEBTH- 2.

3. Methanesulfinic acid @ #iHi & Ol %E
ZEBELHEBZOXMBIT VI AA VPO HULAZBREDKR 2 nl OFEK
FCHARCABZHVTERL L, BIHKE 14,000xg TI155 & 047 B L .
E#EWR 2 ml @ toluene:butanol(3:1) ZMABLULIBHRL AL, 511 14,000
x¢ TOLMOELSE#®KR. KB 0.2 0l © 1 NHCI ZWA. &VT 0.1 ml
®30 nM Fast Blue BB salt 2 A CHP LA, ZEERBEHATIODHRIE &€&,
2 ml @ toluene:butanol(3:1) ZMA TH L SHE{L L 7, 14,000xg T O 43 ] &
LDRHE. FRARELHED KRS D Fast Blue BB salt 2B (72®iC 2 nl @
I mM HCl 2B L 72, 14,000xg THOMELDEHER. REBOLXLENDOLD
KON HEEHKE 0.4 nl ) 20u1 @ pyridine Z/MX 420 nm ORKEE 2
HMEL,. REHFKIMERO MSA 2 H W,

4. EBLEI T 2 LTso OHIE
THEHO vy Y/NEOEHE, E2UYVELLAEZEIHOHE S Z 7V 3
A AN THZ28CHEFRT I EBMAILELL, TORZEEDOL Y/ —VELRE
BTISAMEBEELELZEL, 7VIFAA VLo RMOVELTHOE R Z2F 274
KTHA A, 8CHRFAFTCOHMABTEIEL, TO®RILGRK I OBHBMAIKRHEAT
EBESECEELEEK I bHEHOAFEEZHUE Lk, —2OREMLE Y L TIS
APULroXEEEZHEHL K,

B 5 Fer e

SOOEBIRAV MSA ODEREETEE nnol »5 1 umol BEOKEAD MS
A REBARETH - 72 (Fig. 168), ELRBBLRBIFIEHHERZHN 0.1uncl 5
1l umol ORICTHE &R 7,

REENEL2BE LSS, WIE%154 £ T control (28°C) T MSA DA B
BEEAFEONE oDy S5CHLOERNBEFV-10CTERELHKLED KSA
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ODEBMMBBD SN (Fig. 1T, S5 REEZTFTFC-20Ck7%%5E 0.3umol/g

fresh weight AL OFH O HSA BEF LU, HSA OAERBUER 1 2UARIA
bhiE®d. 20CUEZMELADOTCIMNBRISSEDIDRACEMENHNYT % M
m%zZmnrLU7K(Fig. 17),

SORERMORIREMAZFHNALHER, BEELBEERO KK HSA RE O
m(Fig. 1O®K. 4~6KHMEA2E—2¢95 120t 2ZKHBEZE—2¢F
52200 LRI NK(Fig. 18), Fh4d~6KHMEHOLOE -7 ZUERE M
BEVEEFOIANY 7 b EHERR SN T,

CNODOEETCOMMMEDOILE & hydroxyl radical OBFEZFXRB D ic,
MSA BIEDH A LEUAEZI5HMITV, TORZERCR UL TEAFTIELEROD
BHEERLE2FNIER(Fig. 19), -5CHLORBRESNEBD-10CTH 7 T M5
Ly " IBCTRBELEALCEEFEITIMHEERBD NS K - T,

5 ==l = =L

Hydroxyl radical BRIEFRRLEUOBMOEUBERETHY, DNA 23U 0 LT
PHMBAROZTFVRAVTOVAVAIBY A—VRBEZEHESELTVS, #HYZERE
M LA AL KEORBERETIAI EH»5(39,74), EEUEORE LA
& 5 T hydroxyl radical BHIfANTHEL B E¢EX 5N, 4@ DMSO » 5
U5 MSA O¥EEH» S hydroxyl radical OBEIEZ T oM. COHERHEN
THED, ERURBRYZOOEELONE, TOMBE in vivo OBE. LK |
LU 7z hydroxyl radical A% DMSO DIA R D FHOLG FERIEDT 5 &\ MSA R i
LD DNSO o DA AT 5D T  methionine FH 5 DA T % 0] e
WHBELLTH5, LAL MSA BHIMA THAR T 5 hydroxyl radical @ & i
SRR REREREE A TFOMESHLBETSHD, SO Ehd in vivo THMR f
L7 MSA 31E & A &M hydroxyl radical HHRTH B &¢E X 5N,

EBRIEBMEI X o T MSA OARENHEM U, MSA OA N E ZLEEE XE
Wi ErginscEtn@Bowont(Fig. 17 CORRIBELUE ORI hydro-
xyl radical MAELUTWVWB I ERZRLTWVS, -20CTHUIEL -8 E& MSA DA K
EM 0.3umol/g fresh weight EFEHRX BV EALSBHEHLUEOEDOED Z O i
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DY A=Y hydroxyl radical HER TR I > TV IAERHRELRTEZI LN -,
Mifd DS im BE (Fig. 19)& MSA OABBEE EARBLS—BLTWVWBEZ Ehs 3
fa DL # & hydroxyl radical OB K BEENBSEENRD 2 ENREB IR -,

REFH O MSA BEOREEZ»S NSA REBLBBERET—EL L., Zo%HY
MU MSA BREMNE T U (Fig. 18) T ERMMEAT MSA BRAXINHE A
CEZRLTVDE, SHLRZDHE MSA DEBRIRRB2ODODEY—I7RESh- & &
DMl TD hydroxyl radical OARRB 1 BB TEI B30 TR B EH O BRRE
BdH 6B ENRE,

SEORRT, KEMLEOBRICERE O hydroxyl radical R4 L TV 5 o] §E
MERRBRINT, MREBRZFOREREATFOBE. DISO B ¥ A — Yl B> &1,
DMSO A% hydroxyl radical 2 + 5 v 79270 eFEXo6h, SHOERERER
—H Lk, LALEBBRLEBRLEBLEOBIZRECOEEOR® hydroxyl rad-
ical WEUTWVEDOh, HEKDL N BRIA—-VE2E5EITVERED hiZ,
SORHMAZRIZEELBETD %,

B =5 =S |

MBNZOXZMEZHOYCEERLE OBRICA KT % hydroxyl radical % [ # ]
Pl E Uico BIEHLE DMSO A hydroxyl radical & RIS U THERKT 5 MSA » :

HET 2 HEE2HOWEE, Z0H2E control TIZ MSA BE LA EBDONBH -
fodty -BCH 5-10Cy -20CEEBEZFT B it » CHMHEE 1 HLIAKL NSA Ok
BB AR L, -20CHIE Tk 0.34mol/g fresh weight A D ORO HSA #¢ 'f
BB Sni, SORBEMEEHET S5 &~ NSA BERET L., 2 0% 48
HME» S BRFBHEHIAIT THEL2EOAER., I SRIZEHMAMORCEIMOAEENE D
bhtc, £l MSA ODENIT 2UHERESISHBORBIZ2EEE —BL TV,
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Fig. 16. Standard curve for the measurement of methanesulfinic acid.
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Fig. 17. Formation of mathanesulfinic acid in stems of winter wheat
caused by cold treatment. .
Stems were wrapped in aluminum foil and pre-incubated in the
presence of 20% DMSO at 28°C in the dark for 1 h. Cold treatment was
done by moving the sample into the ethanol bath at various temperature 3
(®,28°C; O, -5°C; W, -10°C; O, -20°C) at 0 time.
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Fig. 18. Formation of mathanesulfinic acid in stems of winter wheat
caused by cold treatment.
Stems were wrapped in aluminum foil and pre-incubated in the
presence of 20% DMSO at 28°C in the dark for 1 h. Cold treatment was
done by moving the sample into the ethanol bath at various temperature
(0, -5%C; *,-9°C; a,-10°C) at 0 time.
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Fig. 19. Relationship between temperature and plant survival.
Seedlings of winter wheat were wrapped in aluminum foil and pre-
incubated at 28°C in the dark for 1 h. Cold treatment was done by
moving the wrapped sample into the ethanol bath at various temperature
and incubated for 15 min. After that, the sample was moved to a growth
chamber and grown for 5 d in the dark. Then the sample was grown in a
growth chamber with light for 10 d and survivals of seedlings were
determined. Each treatment was consisted of more than 15 pieces of

seedlings.
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e = =

Db EFCRBANLERLS, BE2 MV 2 LESEBEE ORI H
DHEERSBILENRTBR I, AECRERLEOB oMY MK S T O FEHER
FOERDODA =X 2BBERT 5,

s S == 5%

IR NFEF—HABODOMBARRI IBFOLENBRIANIEFRCKRYT
bB B ElAMoNTVIA, BERZFATIARCHESERFE LTINS HHE
BEYMREL 5, EHBIEZ. HHERACRVWIHEZF O EERSTF LV RN
W TH oM BREOHERLIVBERIS>TRA MY 2P Y A -V OEHE
RAECHEE LTV ENRBINBED TV, HHEBRFEREICWE super-
oxide. BEEAL K E. —EIHM FE. hydroxyl radical W ERHMS R TV B M, £

BN TER LEELREE2525b0LFEX 5N TW50OR superoxide, BEAL

KFKR O hydroxyl radical @ 3 2 Td %,
EMMEBON, VHBAISHEWRIRIIER T S DI superoxide TH
%, Superoxide BWEENSFTOD 1 BEFBILTHEL, BFHBEEOILBREST T2

BOAEREhseZxohsn, EEARNTCRAMLKP Y707 » — T, KiK.

WEA. I FPaVEYT BREVAVEIEEFCOERRBE IR TV 5(83),
¥4, E.coli ® Salmonella TOMMEHITIE superoxide W& & » THHALIN S
soxR LN 2 regulon ODHFELEDHS IV (84,85), BMETFOVRNVTDH A

ML 2k d 38 RBES LTCwaEEILNBE, LML AEAS, superoxide =
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BRXEERNESSOEBEBABIEVEEXNSOT, MIBATRIELEFZEL2S5 X
PHTELTRZHBERERLFEZLTVEERBEBIRA WV,

Zhiext LT superoxide » 54U 2 BB KFRLEBBNGFRAE S HREA
TVAVEIREREF L LTCELELTWVWBR I ENRELLNRS, ERRIECENH
HORTI oxyR & IMFI¥HN % regulon MFFFE L. catalase ZR U D E LWL
OhDOEHHEOABR K BBALAERBEE L TVBE T ENREL MK - TE (2,
86,87)
¥ BBk F W hydroxyl radical ORAEFTHV, FF L LTALGAMK
NCTOBLEELRE(BES LTVWE EEXLN S,

Hydroxyl radical WO BER DABANLIIRIFERERIEHEOBVLS FETH Y
HENTRELEGABRD DNA RAKEXREE25X %5, Hydroxyl radical &
ETF@BRI VY NITHEREBZAAEEBNBIREVWEEILON S,

1. XEH TOEMBOLEOEEE R ERR

KEHTOEMBCRELBEFORNBEGRREDSZELEFIALOND, BROD
A5 F FH2E BN L 3K paraquat MER K-> THEBBALKFEOLEKMN R
bhil i3, BBRUEKFZOREFENEGURARLISZILERLTVIEERS
N, UTOBBICIVESBREERENT 2 LEXS0 5 (Fig. 20),

O R e S T R R Y T e e

> 05" — H,05 = - OH .

0, e
»NM
Chloro;hlst Me2t ‘
Hz[]/ 0, H*

Fig.20 s FToOREME D OFEMRIENK

B EEMESOEEC) -/ LABTRERBNTREST EHA L, su :
peroxide 243 5., 4 L7z superoxide & superoxide dismutase F 72 iZA :
KRS & BB AL KRR LR T 5, BEBALARR peroxidase ¥ catalase i
REDBED ascorbate TOBEITHRK I TEILTEINEH, MHERNOEBER
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(Me?*) & KK LU T hydroxyl radical 2& U %, "R LELOREBDE T TM
invive D2 u0ua 752 bPRTRIS>STVARZIDD» TRV,

RSBPOBEKRKBENOHE LVENBEEORAGFRIILHL AR IATY
WA Patterson and Myers (61) OBIK LK. in vitro T7uvuv 732 b%2H
VTV ODDEBRNILINT &, Asada et al. (44) &
DCHU &V 7o 75 2 bR TOD cytochrome ¢ DEIL S Cl
BEFT B L6 700752 HOBFEERNEBED m{tj%w&ﬁ%
5 @ superoxide PHEEBAKFZORALAKEE L TWVB BN
o bW 7w F 3RO Photosystem I 2k RX PV T
B2 RBHETTOIEXR7 ) VOREREI SRV &S BFE OB TN
Photosystem 1 DRV OB FZABAB O TR I B I EEZRBEL T 5 (Fig.21)

Fig. 9 Formation and scavenging of superoxide and
hydrogen peroxide in chloroplasts.  When molecular
oxygen is reduced by two electrons from photosystem |
I, one molecule of hydrogen peroxide is produced
(=>). This hydrogen peroxide is reduced further to
water by one molecule of ascorbate which has been
generated by the (=) system with two electrons from
photosystem I.

Kol RO photosystemn]I U 27 )
Y.Nakano and K.Asada, Plant Cell Physiol.,22,867-880(1981)

Fig.21 sow 7S5 3 P BT B superoxide & BER/L/KFEDOLAER &EHE

&k, Robinson (90) B 7 Vv FF vy vOBAALEBLOBECEBILAEZERRE
THERRTWY B,

BRUE LGSO BBILAFZOEREHRE 2V TR L Dh o TV WA,
TV SRV ORMILELOBA CHEELB I X VETFHAKL Y -2 L, A §
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BEDTELHEABT B L& 5T superoxide MAR L. IRk IhHh S AR
mﬁbif'%%t)@&%iéﬁ%o

2. ZMBROCLBHZZ Y CORBVEMBOE A0 ESB T4 KT

ERCAEAMHZZI COBRVEAOBEMBCOERETORNB Y b v §
VJTHATOBRILN Y VEEILOBRTH B3 LI 5N B, Lich o TEELE OB
ODEUEBRIREOLEBBIPIVF Y THTCRIBEEDNS, FAZD KN RO
CCCP ORBERBIID L1 —FKT 3,

02\ Me‘ > 02_ > H202 > OH
mitochondria /
H20/ 02 H+ M82+

Figigl EHMBRUCAEBHEZZT CORVEMB BT 3 EHBERO 4 R

B EAESOMShOEKTY — 2 LEABFRIPMPIVIIFIUTHTCRES
T EH A L superoxide %éﬁ}-ji?‘éo A B L 72 superoxide & superoxide dis-
nutase PALMLRISI S VBB KFELZRE S5, BEILAKAFIE peroxidase
P catalase FOBMERL Ash FOBITH R IV ETIh 3N, BEREEA 4 v
(Me2*)1 & b hydroxyl radical A4 U %, RELEBREEORBDEC £
A oin vivo DI PAVFY) THTRI >TOVEHEDA o TVIEL,

S PIAIVEFYVTRBYIFEUBEFOEBLEBLEIEERO X OW4L ¢ &
CoTVERRBEH DM TV M, Boveris et al.(91-94) % Bonner Jr. et
2l.(95,96) OWIER L VALY 7o —F R IR T X, Boveris 5 38 Y

ODLBBICHMHOD I b3y F ) 72 BB L. KCN. Antinycin o b 2 v F 3
’)70)%%5:1%%2:#}33?5?&%&:&5&&@%1—?\0\ BEEALKFZOERMNE F £
ERHP D alternate oxidase DG A LI o TWVWBIERZRLTVE, —F,

e sy
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Bonner Jr.5 b RO HETHPO I b2 F Y 7 TO superoxide DA BRGR
PN R, Boveris b ERUERA2BEB VS, 5 Hug and Palmer (87)
b EIEEW Arum maculatum ® 3 b2 v F Y 7% HWT superoxide & @B KFE

OB M alternate oxidase Wto TR o TWVWB I ERRL K(Fig.22),

AHXPTHEL VB EII R, MBNZOZTHERLE ORI ERLK
ERERTEIN, ChBI PV EFYTTCRI-TVEEEZILONT, AR
iz KON ® NaNs W kK M CBBALAZIRERT B2 Eho. 1 DO %
LT KCN ML & » T cytochrome c oxidase M EFEINBZ I LR EIVET
CEEFEENSBRETL, COFBTYV— 2 LEEFRRESTLEEAT S L
i & 0 superoxide RMBEEILAENERT A EEALNT, 3> —DOAfEH L
L T3 Lambers (98) % Palmer (99) S M/RBELTW5S XS, cytochrome
pathway MIEEE L KCN 7 NaNs MBIt X0 HEMIT S & ELDETH
alternate oxidase O ANWNBEBALKENERT 2R BEIL N5,

X5 W EE® Ordentlich et al. O e (100) K EHiF T D alternate
oxidase pathway BT XNV F—2HRTERIT B ELMNEIALSNTEY, 2O L
3D LIEE M &V alternate oxidase pathway WEFMHHEN T RET B

Itk T —HBHIHMBEEZERA ) 2roOBTCEAEEIRRIN S,




Glycolysis

Cytoplasmic

v ) side

pyruvate NADH cytosolic
NADH dehydrogenase Cytochrome ¢
Rotenone Antimycin A
Piercidin A
X, bc. complex Cifden ’ lnhnerd.
) l . : tochrome  mitochondria
Site | | OL;QSPE \\ Site oxidase membrane
4 Alternative
oxidase
——L—Hydroxamic CN-
acids
Succinate Site Il
dehydrogenase
1 ¥ ’ M
s H:0
NADH mitochondrial Q. THO >

v
pyruvate ¢ \

) T =5 acetyl CoA |

‘ ) \ Matn
/ 'y Cltrate  —————isocitrate SH

malate —Z—» oxaloacelate .2:'

L_——— fumarate «—

A.L.Moore and P.R.Rich, 7/BS,5,284-288(1380)

Fig.22

b

succinate +————— a-ketoglutarate

2V FY7THTCORERBILOFENL LV — b

SEDFEEBRT alternate oxidase 2Pl ®E 3 % hydroxamic acid ® salicyl
hydroxamic acid (SHAM) MEEE R X2 BB KFOLER R EOIIBEELS

ABPEND T ENFEX L N IM,

in vivo DR TOINS DREDID A H N

tTanIhBzvwT EREZIL NI,

BAEDORR T, CCCP T/NFOEAMBELAGABRMEKFROLEEMNA SN
KW ofe, CCCP BRBM BB LEBRFI cCZOKBER proton RFEHIT S & I b
IVFYTORBEAEEBRT B ENTE(Fig.28), ZOMRERABROHAD S ANIA
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proton ZEX T BT EWXHB, IPaAaVvIFYTRILEZEREZCINIAKRONAM
SAHM D proton DEEHE 2 D2 o TWVW5B, CCCP DX NBLEATUEL
H& T D proton OWE AR MM B, CCCP MBR I-TEREEC LS8R
KEZEOEBEMRRBD OB B BERRE2VWTR, COBEHENRBRINRBZ L
TETEERIBAFEECETIT ALY, BEELE LTI Y - 73 5B FRDRI
WOTEBVYhEZZ N, SO0EBRTRIBELKZAE L TR CCCP o0& % H
Wiy 3 P2 Y FY T TCOBBRAMKFZOEARERRETOVWTHFHANS LD IZ, M
ORFHEBEIEEFH cH B 2,4-dintrophenol ¥ carbonylcyanide-4-(trifluo-

romethoxy)phenylhydrazone (FCCP) M EFDOMEBITHIMEMND %,

NO, QNQ
O.—
R > l/H’

2,4-Dinitrophenol

NO,
(DNP)
7 3
fl; H (IZN Outside
Carbonylcyanide-p-trifluoro- Membrane § é R
methoxyphenylhydrazone Inside 1
g A
Q NO, i
OH :
H*/i

NO, |
O..

Fig.23 i &A O FHEH
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= 7 =
s B s 2
FH s PN oo @5 M R 2 D B 2 %
T e = =

AETCEIBFEEERREVWT, IR ICAERL - BEILAFE L superoxide DY
OoHBEAHICOD>VTHKZT B,

== =5 =%
7T—-2-1 BESIUVEBEROBHEBIERILTCHN T L6 =

HMEARBEOVWS 22O EMBE XD scavenging ODFE N Z2EDHELEBEND
HMRARERHILS DE L T ascorbatey glutathione. superoxide dismutase

catalase. ascorbate peroxidase W EMHA SN TV 3B,

1o Txagh Bl
Ascorbate (AsA) BHPHO /oo 75 2 P REBIFELEULTWVBE Z &
BE < oMM SNTHY, superoxide(102) R @EILAKF(103)ERIBLTI N S
elRETEHIIEAHREI LTV B,

ascorbate + H,0, = dehydroascorbate + 2H5,0

YA TO Ash ODRER, A Vv vy vV yOZoo 732 b TI3nM(3T),
French Bean ™I < 1 umol/g fresh weight(104). #2 (eastern white pine) ® & ;
TRRXZOHESMEM 23umol/g fresh weight(105). FA P T EBOETIIEI.2 :
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wmol/g fresh weight(106)y K 7 78 %& Ti320umol/g dry weight(12) & & &
NTHEY, SEP2ERRABAXRENZOERRBWVT 1. Tunol/g fresh weight(74)
oy e o

CNSOBERIMOBHE LUNTHBNAVETH S EEDNS, koo
T77ALHD Ash ODBEXFEVEVDNRTHB Y, catalase FHHOIHE W (107) 27 o
BT 72 MCBVTHERTIEUHBRFEORZCIIEFRIAYLKRINZELE TV 3
EEZoND, BRILKFLORIDZIFBEFEN R T ascorbate peroxidase i &
HEEEERK & > TH T 5 H(31,36,37,108), ZTDHRE AshA BEIL I T de-
hydroascorbate (DHA) M4BT 5, 4 U /= DHA & reduced glutathione (GSH)
KEoT AsA "NBLENB0T, MEATOBRBRILKFZREL VS AT AsA
& GSH id’ascorbate-glutathione cycle’(36) 2 L TWwWB E¢EXSN B, B
2 B T paraquat LIl X o T2 v o 73 2 FHIC superoxide 2 R4 & # i 15 \
G Ash OBEMETULAE, COZ LR Ash B oo 7732 b NHTOEBILK
#F % superoxide DBREZRESEHDL-TWVWE I 2L RLTW S,

FHIMIE Ash OREORADIBMETFANRSNTEYD . XFK Ash OBRENHS
MPREEBIENRENTVB(105), T O & &Y HHaA 4 2 M % & o
REBEEOBFEHFAGZLTCVAIEBTHE EE X SN B,

AL i P
Reduced glutahione (GSH) (& AsA (B BBRILKIZREREZA I 50
(36). ZoMIEHNOFEHNGRIBHYHRTHENTHPHEARTIDBEVE I TY
5, HHYMBETO GSH OBEER. s 7v vy suns 52T 4.2nM (37),
BT SEBHT 0.66umol/g dry weight(d3))EtHEINTWVWDE, B2ETHENTL
EORNEOTEIZCB W T GSH BEIW 0.1umnol/g fresh weight(0.4 4 mol/g
dry weight)(74) T& - 7z,

ZHif 7% GSH KU oxidized glutathione (GSSG) D BEEEIALZFNT-HEG K ;
JhiE, B ERLfledvEERd Y, VY TOIEF TR EMIE 40nmol/ &
dry weight TR M X lumol/g dry weight T THMIT 3, MOETRIEHR
0.24mol/g fresh weight TR & 0.8umol/g fresh weight (105) + 7 E &
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DETHIRIKICERICHEXRXY W GSH 0oBENXI3IF/[LU L E X 5(0.4umn0l/g
fresh weight)(13)EHE I h T 5%,

PB2EW/RLIEYD paraquat ® aminotriazole T/NEOERMNET 5 &,
GSH DBRE RIS L VEILE S GSSC OBERARZSHEMULL, TOEHBHRDOWVT
BEHLOPXE s TVRVRRDOIINBIENZTION S,

TNEFAYDERKIEE 7 -glutamylcysteine synthase [EC 6,3,2,2] & glu-
tathione synthase [EC 6,3,2,3] & & » THE S T 3 A, paraquat ®
aminotriazole W ko T, FRXHEMREINV I FAVEREMNT A EHL S,
CNOD2OP0BEMNBRIAKFBEORFAILIINBUEBR L THEMNIT A
INEZPENRBHEHALINSZIILRRBEIND, CORROPVTRBIDULER
ZEDTHIBVERZoEV LALEREZEHERVDOLEDN S,

3. oD F
M AN AsA ® GSH DA ic b BB RISZE I 2RI Z2EH- TV S
bOMBWV D2hHTSoNTW B,
@ -Tocopherol (vitamin E) BB CAKBEOBILEZ CHERTS N TY
5o DA AW DWW T Packer et al.ld a-tocopherol & ascorbate (Vit.C)

MITCANRIBZBDFOIA—CORBEOEFT N 2L A(109)(Fig. 24), ;

R’
potential :
damage VitE Vit C NADH

RH
repaired
molecule Mt E Vit € NAD"

e e T

J.E.Packer,T.F.Slater and R.L.¥illson, Nature,278,737-738(1979)

Fig.24 «a-tocopherol & ascorbate W& & % radical K& D& ik




g, Fud vy vED7 2/ —VHEOKEBEZEFEOSTIE proton 25H 5 v
ANRPRIEEARBIALS PHANVRESEIATCHBIERIE2EILET 22 XS TWV S

(83),
L2 LEYHATCOI DS TFTORERELS, iIHATEOREEOKRE 2R
LTV BE302RBES DTV,

4 Catvtatltase
Catalase [EC 1,11,1,8] W< S X HOSNLBERT, WAWVWSL LA
P o BEEAERIN T 5 (110,111), —M i peroxisome KHE LBEBILKFROD
DHRETHIENRHMS N TV B N(112), mitochondria KHFLET B3 EWVIHE
b dH5(113),

TR P ER I RRBOVTHEANEATE Y, Scandalios 5 CATI~
CAT3 @ 3T D isoform RELET B BTV E, O OHE T CATI I HBY
FIC B S0 (114,115) CAT2 BXEFEME T(118) —5 CAT3 BEFFFAER L LR
MDOZDOHFEMNMERVWIEEBR ELTWYAB(114),

Catalase ODBBILKFE DO T 5 Ko flild rat liver OB DT 1. 1M LIFEHIK
BV, Pl oh b BERTCHFEL, BLETERNL IS R/PNEOREM
e id 1~2mmol/min/g fresh weight O F B VEHOFELAZHEI» D TV 5
(14), F7oy FHMEZELCH 2 EHMBEPOANVAXIIPEHEOARELLRA X
5 & &1 catalase EHEMNH ML (12), O BEBILKFZBREEZFO 1 OFULEOD
EHERD N, HOBELRIEHOHEBOETCEOREZLTVWELEDLN S
&P

MEIC BT catalase NBBILAKFR I - THEEHNRK AR I 5 &AH
EINTHDV(86), BEIAAKFR L TREAMFAHIN TV E I EADL 5> TE
72(118), M TCORBBMIZIRL IS broTVRVY, FIHEHLET
BRI XS CBBILKERRBET LI BEBLEOER, —REIKC catalase &
HRBEMS 5 &» 5 (T74), catalase DA BBIL AR LTS HLOEE
ERUFTOIAMTEIIREIN B,

4
e
A'
7
i
&
i
s
0
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D ASic ook b &4 8 Peroxidase

Ascorbate peroxidase (ASPOD) & AsA ZHVWTHERILKELZ 5K T 5 6
(2 CRIBEBLUTOE S kRRxEN 5,

ascorbate + H,0, — dehydroascorbate + 2H,0

ALV YYDl IAMPBOTHADTRVEIN(08), 72V Y A
RIZ2WEFTHILERI-THEUENT.BIBEMTZIENHREINTY S (104), K
MEOZFHMANBEMNAEZ, FT7TIBEFRRIVTE~8HANEEMNELI, 3AL10
AcE zsaNRssN(12)y DAZCOIRFRBVTHII~10AEEZ L
MRINTVD, . ¥ (eastern white pine) DI BV T D [a] £k 75 M 1) B,
LI TW B (106),

IORCOBFRBFORV B IINIABNREEOMETI LD @V IEWE O RN
BO5N(34), BEAAKFZEOBEOZTENLARE OB HAERF LR I,

MBNLZOEHABR IO ER I LB V@ 10umnol/g fresh weight BE
DEURBDLNL (F—FRRLTOVEY) , 1I9CELE5COFEHROLETDIK
BECEIZ2EHOBETMHIMLALE VDR, BEERETEIBVWTIDIRSH &
BERILKFOREZZIT>oTWVWELEEILN B,

6. Dehydroascorbate reductase ’

Dehydroascorbate reductase & GSH 2B EH & L DHA 2B 3 ABHX T
0. RIBBLUToOoRXkRIN B,

2GSH + DHA —= AsA +GSSG

COBBEDVR OV ORIV TCHFENER I (120), = v Fy(121) RU
T L vy w(s9,1220)h oW oEBMINTVS, GSH RO DHA x93 % Ao
Th¥h 4.4 & 0.44mM (60)y 2.5 & 0.07mM (59) ¢ HEINhTVWB, 7 oD é
T77APDRAPuvRFAET S EEINEGB0), 7o T 52 b TCOBRBBILKEDER ;
£ ASPOD ¢ HEBVTWVWB LELEISN B, %

= B0~



7T. TOMOBETCEEBRBEZRECLES L TWVAEHOD
@® Superoxide dismtase (SOD)
C DEEF T superoxide ¢RI UTCHBEELAZRZAELTL 5,

2HY + 05~ + 05, = H0, + 05

BOEETAENLELS CHREANTEARBILAKFZR superoxide " S KBHXOH &
RBEABVERBTCEL DI LZA6NB, PP EUIVYRPBPVWTRIICESCOTE
HOLE»S SOD REEERIZEEZI>FVZTI B V3.4)T EMNRE N
(38), SOD WIRERBE F T F 43I superoxide ZBEILAKFREILTL TV 5B &
ZAboh B,

® Ascorbate free radical reductase (ASFRD)
ASFRD (& AsA & 5V ANFEEORIDTH U % ascorbate free radical
(=monodehydroascorbate) %2 NAD(P)H 2HWVWTEB LT A x 2>,

ascorbate free radical + NAD(P)H — AsA + NAD(P)*

Borracino et al.ic K potato tuber ® ASFRD @ NADH & UF NADPH iz i
35 kmfEdehEh 7.7 R 30uM T YD ascorbate free radical {7
5 Ao X 0.9uM TdHo7(58), ABEHRD DHARD L MR ICHIA T Ash RV
ASPOD KX ARMAYVREIZCHE L TCHERKRIFEZRLLTVE EZ I oN S,

® Glutathione reductase (GSR)
GSR & GSSG %2 NADPH 2 EEH LT GSH kB xdsEHx2Eb. RIEAXBU

TOKRIRRIN B,

GSSG + 2NADPH —> 2GSH + 2NADP*

GSR oW T BRI BEANBEICHTH RSN TV, # (eastern white pine)
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DETCRRAHOBEURFTVEREINTVS(105), —Hs NEZORER BV T
EngaREsohTwiIR, BERCEEBTH CRXHMMOBEHEOH MR D
LGN ot(B5), /oy B2HOEBEPSBDHPIALBHMIBO SN TR
(74), Paraquat ® aminotriazole THLIE L /3H & GSSC MFEH L 724, EE WL
T GSSC DFEBRIBOONB Lol PTERBIIYREWVWTIICEOTCODHE
OB T 78.4% MEEERC - THEINR T, 3LEELEZ L /ML
THRUCENRBEBISTVEZETHEINVIFAVORER2—TERCR2LDRIE
HEBRRESBRIRONRNS Vv ARKYTH B EEZLNS, L L NADPH A glu-
cose-B-phosphate dehydrogenase Eh o X R R HH I N B 8 5 LB/

GSR /<D DHA OB L CHB I GSSC 2B LTES2EdEAoON D,

@ Glucose-6-phosphate dehydrogenase (GBPDH)

GBPDH B RV b =2 ) VvEBEROBYOBF L LTLSHMOoNTEYD, glu-
cose-6-phosphate (GBP) & NADP* » & 6-phosphogluconolactone & NADPH %
RS B A, BEEHHEECHES NADPH @B E & LTARY TH % (42), GBP
X hexokianse » & ft#5 & % A, G6PDH & hexokinase & & d KX F MM E K
AEED (11,33, BFANEEFAG 2RI TVEISRAZTI SN %,

® ZooBBEILYEEER
oA CABEB/ILDOBRERBEE L CWA EFR L LT glutahione-S-

transferase(123), o 735 2 3 v (124) s ERFOLNTNW %,




7T-2-2 HMREYOEHEFRIEM

BREATEILSONTVAIAHDHRTOEEBIEREBRIC OV IUTOXI R
BhnEZORTWYWAB(Figs.25,26),

Chloroplast

07 + 03 Superoxide
HY + _— :
% : ¢ Dismutase RV
Ascorbofe T N S 1 i S \
A E T e A\
|
Hzo';’\ / \/ NAD(P \\ |
|
Ascorbate Monodehydro- l l
peroxidase ascorbate |
‘—/ reducfi [ gll //__/»Glu’:o thione(ey) NADPH
L4
NAD(P)H //E‘/ . A \\\ ///
Monodehydro- 2| Dehydroascorbate Glutathione
gsearbate) o ERETMRTIE - g{ reductase ceclinbase
radical DISPROPORTIONATION N 2 \ / \
\ l R } Glutathione(,eq) NADPY
Dehydroascorbate

The superoxide and hydrogen peroxide scavenging system of the chloroplast. The solid lines indicate enzyme catalysed
reactions and the dashed lines indicate non-enzyme catalysed reactions.

L.S.Jahnke,M.R.Hull and S.P.Long,Plant Cell Environ., 14,

97-104 (1991)

Fig. 26 HWYHRERATCOFHBRFORER (227752 b)




Cytosol-Mitochondria

0- ————> H,0, > H,0

SOD catalase

peroxidase

H2O0 AsA

GSSG NADPH
T A

GSR pentose phosphate

DHA GSH“// \\\sNADP/// cycle

Fig. 26 #HPMEANTOEURBRIEOKRER (MIE « I 2 F Y 7)

L LEBRBRMIMEKFZREZROBREUEXAZFAMNCDIEHL, LT L —FE
TRVIEDBEZOREOZ N 2RI THRERZRRABRILINZ DO LEEZI O N
5, CNSOENDF EE LB 2DONBRILAFETHI LB THRREEXILN
M. Z O glutathione, ascorbate R EBIHEE L TWVBalREHND 5,

SH. TNLDOR MV ARMTAREBRDPVIRENRVCBETFOV RV TH
HRES C ERHFEINDB,
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Cold temperature affects metabolic response to the variety of organisms.
In plants, some of them can survive under low temperature milieu, but the
mechanisms that support the plant life under stressed conditions remained
unclear and some researches have been done to solve this problems.

A series of enzyme activities of which dispose of peroxide was increased
during the winter season(11-13). These reports suggested that the level
of peroxide in the plant cell increased in winter season or under cold
treatment.

In this report, [ show the relationship between peroxide formation and
cold temperature, and discussed the role of peroxide in cells under the
cold temperature.

At second section, the relationship between cold treatment and artificial
oxidativetreatment on levels of enzymatic acitivities and substlate in
leaves of winterwheat were discussed. Artificial oxidative treatment was
attained by the treatment of paraquat or 3-amino-1,2,4-triazole, which
affects the activities in the cell compartments of chloroprast and cytosol,
respectively. Cold and these chemical treatments increased concurrently the
activities of glucose-6-phosphate dehydrogenase and levels of sugar phos-
phates. The levels of ascorbate and glutathione showed different patterns
of responses toward these treatments. This result suggests that the res-
ponse to peroxide is different between cytosol or mitochondria and chloro-
plast.

Third section showed the evidence of the formation of hydrogen peroxide
caused by cold treatment in leaves of winter wheat. The levels of hydrogen
peroxide in leaves increased three times (1.5 mol/g fresh weight) of the

control by cold treatment in the dark with-in a few min, and then the level
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decreased to the normal level within 10-15 min. This increase in the level
of hydrogen peroxide was also shown in cotyledon of cucumber, and these
high concentrations of hydrogen peroxide might cause oxidation of cellar
components.

Fourth section showed the formation of hydrogen peroxide in stems of
winter wheat caused by cold treatment. The stem is known to be a non-photo-
synthetic tissue and the formation of hydrogen peroxide by cold treatment
occurred in samples which pre-treated in the dark. This result suggesé?that
the formation of hydrogen peroxide caused by cold treatment may occurj;s a
result of an abrupt retardation of electron flow at electron tratnsport
system in mitochondria. The decreasing levels of ascorbate and reduced glu-
tathione and the increasing level of dehydroascorbate occurred simulta-
neously at the formation of hydrogen peroxide, and these data indicate
directly the oxidation of cells caused by cold treatment.

Fifth section showed the formation of methanesulfinic acid (MSA) by cold
treatment from dimethyl sulfoxide (DMSO) in stems of winter wheat. MSA is
considered as one of reaction products of DMSO and hydroxyl radicals (82).
Hydroxyl radical is known as a most reactive radical and may cause disrup-
tion of membrane or genetic materials (77-79). This radical is known to be }
formed from hydrogen peroxide (75,76). In this experiment, the formation of ;
MSA was shown only when the samples were treated at the low temperatures,
of critical point and the temperature was corresponded to the limiting

temperature for plant survival. These results indicate that to avoid hydro- %

xyl radical formation is one of the important factor devoid of freezing

damage.
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