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Oxidative Stress Resulting from Environmental
Pollutions and Defence Mechanisms in Plants

Sang In Shim and Byeung Hoa Kang

Abstract

The environmental pollutions were a serious problem in Korea recently. So many researcher have
studied the effect of environmental pollution on plants and agro-ecosystem, but the basic mechanisms
of environmental stresses were various. One of the important mechanisms was oxidative stress caused
by active toxic oxygen. The toxic oxygen was generated by several stresses, abnormal temperature, many
xenobiotics, air pollutants, water stress, fugal toxin, etc. In the species of toxic oxygen which is primary
inducer of oxidative stresses, superoxide, hydrogen peroxide, hydroxyl radical and singlet oxygen were
representative species. The scavenging systems were divided into two groups. One was nonenzymatic
system and the other enzymatic system. Antioxidants such as glutathione, ascorbic acid, and carotenoid,
have the primary function in defense mechanisms. Enzymatic system divided into two groups; First, direct
interaction with toxic oxygen(eg. superoxide dismutase). Second, participation in redox reaction to maintain

the active antioxidant levels(eg. glutathione reductase, ascorbate peroxidase, etc.).
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Figure 1. Initiation of oxidation in cells by pollutants, Aging, xenobiotics and physical stress.
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Figure 2. Pathway in oxygen reduction: for-
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Figure 3. Proposed cellular interaction of vi-
tamin vitamin E with vitamin C and
glutathione to prevent peroxidation
of lipids®?.
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Glutathione HE#f8e] 15 EX 3= HHEEA
80, tripeptide(glu-cys-gly)2 o]Foix 1, EeLIE
(GSSG)# BILHAGSH) F71A JRER EAshatl®,
EHBEES Bilel Zeth 2F —MMLEH
2L KREHRWE B9 ol BERIY £ xe-
nobioticsel 2| A %= induction¥o] AAAIETO,
Glutathione-2 HE##E7} BRSEHSE WS o
2o) F7hste] FiRMLIERS 3 Eif, 28 K
SEEH2E UL Hole o7 fEHS Fope



270 F=8FE3A] 129 3T (1993)
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Figure 4.' Oxidation-reduction pathways involved in scavenging of H,O,(Halliwell- Asada Pathway)
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phatases} Z& FERHEW BEE SHYY EL=E
TNEREAIZI 2 BLKS GSHe &b A71ch™,
Glutathione-2 ©] ujol) fE¥RES] Mitkol Boidte
phenylalanine ammonium lyase(PAL)3 phytoalexin
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B2 ascorbiateo] EMLETTY] BFle] EHL
BEES zZrE Ascorbate] BEEE HERFAIZICPE®,
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isoprenoid i S Zty YR 2ZA ol ik
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life7} 400 nsZ ®]TA Hayo] A1 b Ly
AA &g st KM o2& B 10
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noid®] HRES K3 HAETHE MRS Batol
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Figure 5. Schematic representation illustrating
the photosensitized production of
singlet oxygen via triplet chloroph-
yll, and the involvement of carote-
noids in protecting the chloroplast
from damage'"
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Table 1. Abtioxidant enzyme systems in higher plants®®

Organelle Type of Active  Source of Active Enzymatic Products Nonenzymatic
O, species O, species scavenging system scavenging system
Chloroplast Superoxide PSII SOD H.0, Fd
H,0, Enzymatic AP DHA Carotenoids
GSH Xanthophylls
NADP*
Mitochondria ~ Superoxide Electron transport SOD + Hz0,
H;0, and enzymatic POX H,O
CAT H0, O,
Cytosol Superoxide Enzymatic SOD H0,
HzOz CAT HzOzOz
POX HO
Glyoxysome and H;O, B-Oxidation CAT H:0, O,
Peroxisome Photorespiration

SOD: superoxide dismutase, AP; ascorbate peroxidase, POX; peroxidase, CAT; catalase
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1. Superoxide dismutase(SOD)
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2. Catalase®l peroxidase
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Ao BAMILAKRE AASE BEEKZAM hemed
T3t FEECIH 0)5 9 Z7)E 22} 240kDas}
40kDaol®| z+z} [7]7} [8]He] uk-go] Yojdr}

Catalase= fEfpiEe] 1T EEIN} G =
EA)38}7] ko peroxisomed] FZ EA|SFI KR
WEL feiEEe] B-oxidationo] o|s] Y| iEEA(L
KFEE AATE S AgV9% peroxidase
= MY B2 o] EAEty Yo gad
A Bolshy EGHEANGY BRLAEE AAS=
BEES 23 o

3. Glutathione® Ascorbic acid2| {ER0|
#OiB= BENS
ol BERE 99 EFESHE g8 dyyoe=
P68 A govt FBMERIE iEikol Je
FHE A7 T8 S Bk
Glutathione reductase : NADPHe] BrH< o]
B3t LS glutathioneS BLEY gluta-
thione©. 2 wHZo] FELIEAS el Al st
o] 34 A NADPHE 4|3l #ifespy NADPH/
NADP ratio® 230l MLEEHAE Zole BHK
24 SODst olE8 HEELIERS 7MY 223 B
FE QAU oo,

GSSG + NADPH + H* —» GSH + NADP*

Dehydroascorbate reductase : dehydroscorbate&
BHTE9 glutathioned )83t @EMbAFK] A
Aol Aoz 2AE3l= ascorbate?] 428 4
k= )

DHA + 2GSH - ascorbate + GSSG
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Monodehydroascorbate(MDA) reductase : FADH
29] BIHE o838l ascorbate?] +F& A4

71 BERoIYI.

E-FADH;-NAD* +MDA—>
E-FADH--NAD" + ascorbate

E-FADH--NAD* +MDA—~
E-FAD +NAD* + ascorbate

Ascorbate peroxidase : fE¥EES] FIERLY oM
714 SOD¢t HEo Ay HSHUMKRE AAst= &
e 2 BEEAM BP9 ascorbater} BEE LK
FE B2 vl E&FLERE e

Glutahtione peroxidase : ascorbate peroxidase”}
ol A BB kSRS EFB(L 28 o] 85 B
glutathione peroxidase™ BypolA BRR{LAES
EHLo) T2 o]gHTP?

aymat nsemelel mk

BitaEd 20 o |tk MEme £F A
< Faosy mEpese o) welA zbelvl Utk
7o) Ehitke] xhol7l HEBHENS HilRtEe) =
Zz}ol 9} HiEE{LEEES) SOD, glutathione reductase
59 EHERC vty B o, § FERe B
2Ed 2o U@ WAL 1 B9 pleiotropic effe-

Table 2. Summary of the cross-tolerances found in different plant cultivars

ctsof] 9Jgle] thE FH 2Ed Ao Ui LK
Hitke AR, & 2% o|## cross-tolerance 9]
H7HA] & HoFEEs Zolrh

WEHEe A o wmwEe e st
Zg o] #FAe Ho 9 W FrE2E E7A
AHEE AlFska e, AR EpHRTT KRS
A)ell oJ8to lipoxygenase] {EtEe] F7H=o] lipid
peroxidatione] dojut o] wf LT FHEEEKE
elicitor® WA+ second messengerZ Z-8-5lad
Ykl peroxidased] EMS F7HA1A lignindhk
& fE3lo fithEo] F718}1 phytoalexing] 4 &A%
€ fEshe Aotk o] wo| it iR et
glucanase, chitinase, peroxidase, proteinase inhibi-
tors¢} & pathogenesis-related(PR) proteinsE &
Be HEADG®, o] F9$ oxidative stressell g
FEHE BREY Mg phe QoA
AolgP®, et Ehitk e SODS 22 hifk
{LEER ] {Eikol BZH: MR T o} peroxidaser}
catalase”} FEFtEC] BB A ke BHEME A
HAego] AstE R Fe=r} Superoxide anion &3]
fE dig FABERE 2 o] K W
fittho] #3La free-radicalo] ethylened A&
EH13des 217 gtk

HEtEEEE % SOD%} ascorbate peroxidase]
gl YoM H#Ee Hie BHMES B2 v

1)

Species Selection Cross-tolerance Enzymes involved
Ceratopteris acifluorfen paraquat ?
Conyza binariensis paraquat atrazine SOD, GR, AP
acifluorfen, SO,
photoinhibition
Gossypium hirsutum drought paraquat GR
Lolium perenne paraquat SO. SOD, GR
SO, paraquat SOD, GR
Nicotiana tabacum ozone paraquat SOD, GR
paraquat S0, cercospora SOD
Zea mays drought paraquat SOD, GR

SO;, acifluorfen
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o] #F{L A7V SODY 9= ERFEY A
Bol 4A HitS He #@BLKE o|B2 o] F71A]
BERel B2 ko] HEE oFAA SU1E W |
W7} olAF o2 BbAEF 2 WF S
Ehdtiy £ 4 Uch

S RN DR BRe BAE Bu, UE o
8o BRI/ Et Jdg wEl Ekel i
3= AXYH SOD, catalase, glutathione reductase
T iEfEe] HAaste BHEMES B4 dF &
piol FaA oS ELE 7H&3sit

Bt Ed 28 Q17to] {&3HA o|&de AL
A BEH F-okE paraquat®l acifluorfenst -2
BRERT FHY KEEKY B 71498 sk
Paraquatel] oh & fittEe] 2tol7t HiEEL 53 9] Aol
Nl AL 1T o paraquatE U9 H EELAE
B2 FERESE AMRE §e §FF AWt 7
A e, A8 Ee mpEE ol 34
oA | 39X MY F2E HIRT EHA M
oA kel AUt o] ol MbiEHS B
ool oJ§ EFRES yTHE BbErse] B3
Fog 0|87 Folorio,

HIo| 2Eg 29} d@d AT F heat shock
protein(HSP)oll i3l Aol o] AFHYEH, o]

EEES BB KK 2o BbAEd 29 u7hA,
FHEFEH &L BB, MW thiolse] 5L 15
€ B39 3o fmkel dojdtkerinzl glo]
HSP# PiEptE#RS e 2o AV e Ae=
B,

#®

o27hA] BEGR 2 TREBHE o3t wgs
€ EEEmET mEyiEd) e A3 B4E ARz
ol g AT< BEY oo ue} e s
o] EotNug 1 840 H& FAHx 9tk
RS 552 84 ol goay 1 Jxr)
A3 sheAel AXNER o|¥§ ByLiE 2
g d7E AMY ARl HE fFpe AEEY
£F5Z FEste oA w=A] dg

B B AT RS EX(L BRE
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Rl ol dAAA HHA AHEe +EE fF
el £FFH A8 AT BT, A2 289
SFEWBY HEPe AR AT Aol &
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Table 3. Plants species in which biotypes, cultivars, or mutants have resistance to paraquat*’

Approximate
Species Origin resistance Inheritance
factor
Arctotheca ca lendula(L.)Levyns Australia
Ceratopteris richardii Brongn. U. States 10-40 Single gene, recessive
Conyza bonariensis(L.)Crong. Egypt 100 Single gene, dominant
Conyza canadensis)L.)Crong. Hungary 170-450
Erigeron canadensis L. Japan > 100
Erigeron philadelphicus L. Japan 250 Single gene, dominant
Erigeron sumatrensis Retz. Japan -
Hordeum glaucum Steud. Autralia 250 Single gene, semi-dominant
Hordeum leporinum Link Autralia .
Lolium perenne L. U. Kingdom 6-10 Polygenic
Poa annua L. C. Kingdom

Youngia japonica(LHDC. Japan

4-8
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