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o 717 2Bl 27 W FE HSA oAl Al m2&= JF

o] A oll- 4l B g0l B o

RN T YAy, KIST =Y ZEE AEH

H Q- AAule Fa A2 S0z7} peroxidase Aol X &= gL A7) A8l g =5
9] Na;S0;E =3 ullx]dlA ¥ (Oryza sativa) seedling& vl o8-l ch NaxSO3 & HA o] ol oA
Ao, g Lolgg 50% F&AlF| =] Hadt NaS0s9 %7} pH 7ell4& 300 ug/ml, pH 591l
A& 8pg/mloj$l ot pH 30| A &= 2ug/mlel] £33 th NaaSOsoll 2] 3 peroxidased] SAWIE 24}
& v 2ug/ml NagSOs (pH 3)ol] 9f3sle] E&BAo] oF 44l F7181% 1, 8 ug/ml Na2SOs (pH 5)oll &5}
o] AL o] o 8u] TSI =S FH e dde] Fa4FE Cdo Pbo] ¥ peroxidase B4 4
24 8 v E23E 2A5% 0 0.03 mM CdA 8l 2] 7S peroxidase B4 o] 3.9%] F7lalge
U gEL §FL gzg 63%8 FA3s 0.04mM PbA elFY A 2.5u8¢] peroxidase 84 &7}
E B2yo 34 dEe gz 12%2 gassich Byt okl AlEulelA E4 4L WS #
=3ozx 43d =i FuslE §4Q Cust Feo| peroxidase Aol v|X & azlg Awuwgt
t}. 0.5 mM CuSO48} 0.5 mM FeSO40ll &3}e] ¥ peroxidase 84L& Z7 57%9) 65%% ZH&s%ith 1
ZHu} el £A44)Q ethanolel]l 2l3te] Cugl Feol 2l B4 JAL Ao 4ASA BEE e} ol
v] &l dimethyl sulfoxide, mannitol, thiourea$} histidine& Cu$} Feoll 2|3} A Aol chsle] A= o}
2 gz £AxHE e

radish (Lee 1994a, b, 1998a, b, ¢; Park and Kim 1996), &

A = vl (Kim et al. 1980) 5 )8l Al &4 peroxidase”}

A E ] AAFH B4 FYH k3, FAHAF=9)

A& peroxidase [E.C.1.11.1.7]%& indole-3-acetic 7150 ¥3x1 gt £33 #E AEH2d uls
acid®] AF3}, 3913 pyridoxals} #F 3}3E-2] A3}, peroxidase isozyme®] pattern ¥H3}g A= 29 2w
methional®] ethylene© 22| A3} guaiacol, o-dianisi- U FAA 2 gl Y3 Aw= AMLstel= AF7F ol A
dine, scopoletin ¥} esculetin 5 phenold #FHITEE-2) A= 1 g o). Peroxidased] Ao J8Fe F+= 94z
Ak3}, lignification ¥ M 23 3§43, 54 ¥, polysa- T 259 §F &4 59 FHAAS A3 Y
ccharide cross-linking, extensin monomer®) cross-lin- A(@DMIE 5o 42 AE=gA 183 auxin, cytokin-
king, W Ao g Hbe] 5 o7 7}x] chekst wkLe in, gibberellin, ethylene 22 32E £ & 4 gio
Zrod 3k} (van Huystee and Cairns 1982; Padu et al. (van Huystee and Cairns 1982). 3] ©j”7] 29 =9
1993; Sanchez et al. 1993). o|8Igt 7|%5-Ate] cheopAdsl 373293l o8t 5 '] FA w3l g e o
37 peroxidase: M =zo] AJAs H3tEs 2AdE & g AT FZelol vl2A FEE FA FHA, bR
A2 A (Fry 1986) isozyme patterne] M| E ARa} » 2] extracellular peroxidase”} Oszol] ¢]3] WAIH = §-=

3}, 327 Foll wEkA] M3ksly] W) ox Bz 23 APsHEol gk W] 7]Zte 2 o]dlEm 9)lil(Alon-
e X 8] peroxidase isozyme] S|EIw 3= )35} son et al. 1993), A} 29} H.2]2] apoplastic peroxidase
Al 7% AZAATITA; = x¥e] wol A=EHS 7F 71249 F9 29 shel 8025 ARFAIAA 7
o} (Castillo 1992). Horseradish (Welinder 1991), Korean =327 Hbgol] #F shsAlo] Al % oh(Kam-
* Corresponding author: Mi-Young Lee, Tel. 041-530-13855, merer et al. 1993). #7] 24 o] AT M Ak 7t
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X+ peroxidase 8.t} A EH o] ZEa)3}+= peroxidases] &
Ao] u)e =4 Jepd Bl ol)e} 5A peroxidase
isozyme®] patternel W32 Mgt} (Wongkaew ef al.
1991). At7} TPE AEdHAF S EnlEe] A
peroxidase mRNA2] ZZ]Eo|A] WMFHAS Edle] 1
A z2AHqA] ErlE Baor §xIFE TPX1 mRNA
7} ligno-suberizationds] #4&d Hoz F2IHg
(Valpuesta et al. 1993). 199 E2] 2 ey W2
frEe AFeM s G 5=rt S7HE45 peroxi-
dase®] W] =% F71EH-

2 dFelME drlede] 744 Cd, Pb §9
FF53 Adne Fe ¥ S0 23 ¥ seedl-
ing peroxidase®] #AJW3}E F3led FFEI SO0

A& wle}7] 2ol peroxidaser} #AEL 7S AAIF) -

Q). =38 Cu}l Feol 2]3F peroxidase2] AIHA|7}
A% el o wess We Avu.

e oy

LAYAE

2} oflArAldA] Fd ZXWY 4 (Oryza sativa cv.
Dong-Jin)& 3}-%%4} 215 70% o eh-g-elA] 18
7 assc 2EERez AHQE 50% e
20¥-5et SR T A BEEFFE FE3] A
Asgeh 978 SAIAE 07%agars EYY A
WA (MS)ell s}F3le] olA|ZA] 8~10d F FE
Y& AN AP At

2. 9452 ¥ 3%

q24 T U224 a9t 422 b HYEF4AR
< 77} 663nm¢e} 645 nme] 22 663 nm2} 645 nmol| A
9 FE=E A AAilsido

o

o

-0

!A‘
ofN
2>
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3. &34 2EH 2 )3} peroxidase w84 Wi}

Cd=} Pboll 2]3} peroxidase v]&A] W3S &3]3}
3t HAFE FAEAE FHF 5 =7} 0.01, 0.02, 0.03,
0.04, 0.05 mM7} ¥+ CdCly -2 PbCLg =3 14
W Rl mhEsled 88U wikAIF fE & HH3}
o] peroxidase B| &4 & &A1

Cu3} Feol] 2|38t peroxidase v|&A] W3lE &A]s}7]
dotel WED FAUAE HFETH 0.5 mMIE
CuSO0; -2 FeS0,& x gt Ao m}E3}e] 8Y
7+ wiekr) 7] F seedling e A F sl A B = A3}
gt} gzt AA A (radical scavenger)el] &]3F AW

S WA Y8t HFEx 0.5%2 ethanol,
dimethyl sulfoxide, mannitol, thiourea -2 histidine¢]
283 wjA|o) CuZe Fed AE|sted peroxidase?] H]
B4 & 249

4.S0; ZE Y| 2 2]& peroxidase H] 84 W3}

AbAdu) o] A Re] d7)52] SOz 71A 7L Bl &l &3
¥ NasS0; §9jo|=2 pH 3, pH 5, pH 7oA w3 5
=2} NapSO0ss T3 wixlol] 7€ FAHAE A%
3t} o] & 84Ut wiokd F seedlingg A3 e
peroxidase W] &4 & &2 31}

5. Peroxidase?] 84&2 42 daa As}

Peroxidase®] #A]-2- guaiacol®} hydrgen peroxideE
Z1Ad 2 3dled 470 nmellA] FF w9 =71E UV/VIS
spectrophotometerE Al-£-8le] &3} v} (Kim et al.
1980). &AHF-g-o8.2- 50 mM sodium phosphate buffer
(pH 6.0), 15 mM guaiacol, 5 mM H:0:9} &4 £ =
Fotel H2RI} 1mbh HES shaleh mawee
Hy0:5 wpA oz 713t & A3 84 S = 1
unit2 470 nmol|A 187F &34 % 10] Z7}8l= 549
oz Ao, v = A A3 &2
A (unit) 2.2 HAA 3G

a4 ThilAdl Lowry WS W3t A3
o} (Lowry et al. 1951).

da o 1@

1. SO, Z2E#H 2] &3 peroxidase & A F7}

Table 1643 SO27]A7F &35 NapSOs g¢] A
Anle] FARolghe AP ZA 3] NaySOs7) ¥A|
9] wlolol] mX|= 43g AT L A3} NaxSOs
o] 23le] pH &JEA- o2 WK Wolrt AA3A A
Holoh WAL elge 50%2 FHAA7)E=d dag
Nay80:2] =7} pH 7oAl 300 ug/mlelgl o} pH 5
M= 8pg/mlo| it 53] pH 3ellA & pH 74 u]3}e
oF 1/150¢) 2ug/mle] NaySOzol| o]d}e] olgo] 50%
Aastgt o]2 g A= NagSOzol| 93 B HeledA]
Z37} AW pHE Z4F vie Assicts A& B
Zo}. o wolgS 50% ol #AY £ Sl NagS039]
sz 7oA pH ¥ 3}e] u}E ¥ seedling®] peroxidase
#A 3L AFSIG T} (Table 2). 2 A7} pH 304 2
ug/mle] NazSOsel| 2]} peroxidase] w]EAle] oF 4
u) 7131413 pH 50 M 8ug/ml®] NazSOsel] )3}
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peroxidase®] w|&AJe] of guf ZF7Islict. pH 7ol M &
200 pg/ml®] NaySOsell ¢J3}e] peroxidase?] u]EA]o|
oF 2ull Z7}8lgd o 300 ug/ml ¢] At NaxSOso] 93}
o] peroxidase®] W|EAJo] 7r43lY] Azl o] g}
Zro] AMAZZIo)A NapSOs; Ao sl ¥ seedling
peroxidase2] ¥AJo] HAsA Frlsledm o2 FA
2718 A2 NagSOszel| w3t Al ule]A| Aol peroxi-
dase’} #AHPEH] ULE F3o SO AEA) A
2tgsle] Beld SARE doF Bk ohel b7 Fd
A B Agsled AbAu|e dQle] H7E F} SO.=
71398 dod|n COy e A3}, g4 7
3, delzol= ule] RE RuBP carboxylase 59 4
A BEAY 5& doXivdy BuHe Qg
(Pfanz and Oppmann 1991). SOz7} A} E-A¢] <=
AEAZ] BHAA B La]E o] HaS0s7) FAHT
oHA] ol EAl o] s 2lEe] HOSs, SO, Ht 7} 3jA =4
o} (Pfanz 5 1992). 2] &-2] SO0:9] 3t A3JAJL o}

2etA olF gt £3} o} F AT Fo] Qlovt a1 FA)
Al WA713E A2 deiA A gk 28 S0: &
o g7] 2] A ol Aete 7lad, AVE, 4
el wele] Az 9 A £ peroxidase F4 |

Table 1. Na2SO3 concentration needed for 50% germi-
nation inhibition of rice seeds on the media con-
taining various concentrations of NasSO; at dif-

ferent pHs

pH Na2803(ug/ml)
3 2

5 8

7 300

Table 2. Effect of SO solution (NazSOs) on the specific
activity of peroxidase from rice seedlings*

NazS0; Peroxidase activity
pH (ug/ml) (DOD/min/mg)
0 100
3 0.5 160+9
1 250+12
2 400+18
0 100
5 4 200+10
6 300+14
8 800+18
0 100
7 100 160+8
200 200+11
300 64+7

* Rice seelings were grown on the media containing various
concentrations of NazSOs at pH 3, pH 5 and pH 7.

l

27h519¢ 22 ohe} peroxidaserh oh7].2.5de] o9}
AREE 54 AEEo dd Yei7)15g 3 A
37 ¢} (Alonson et al. 1993).

2. 224 Cds} Pb 2E# 29 23 peroxidase &4
=
i

B dFoAE Cd 22 Pholl 93 B seedling pero-
x1dase-4 wgAd s ‘ﬂi}i} d54 e 2AEEH
(Table 3). EXHHE FHZ %57]— 0.01, 0.02, 0.03, 0.04,
0.05 mM7} H¥E CdCl, 32 PbClLe &3 yA|w|x|
o Dtz & 8¢ & seedhng/] peroxidase H] 24
ZALEF A3 Cde] FE%=7F 0.03mMel A$- <F 3.9
vl ¢] peroxidase A E7}E el oy QSadteke
z22e oF 36%o] T334t 0.04 mM Pbxa] 29
734 <k 254 2] peroxidase BAZ7E R o} Q=
agreRe Yz 71202 ZFAstgdTh A8 peroxidase
o BHo) de Fr adez £ Y &4 59 F
ARAH AL (T, A W 34 59 243
2E2E § 4 Aed B3 FE4) 0T AE per-
oxidase?] LAHIE o] g3t A& FFHL Gl
W& A2 A% peroxidases] AW} Aereo)
$kv} (Siegel and Siegel 1986). =38+ Cd, Ni, Zn, Mo 5-9]

Gl &gt o8] 71X A& peroxidase?] &AW
3} 9 isozyme pettern ¥3}7} B1H o] g} (Baycu et
al. 1999a, b). Peroxidase #1} olue} FH L 34 ~AE
ol A AEe) Wl 9 FA) BY A7
7} & AYH 3 Qo) 53] FF<o)] oigk Az
F-=3} peptidez #Z ]2 phytochelatin®] 7-% y-
GluCys synthetase, glutathione synthetase, phytoche-
latin synthetase, phytochelatin transporter 5-2J _‘é‘__/toﬂ
sl Cd 5o $347 BYAE YNPoH 7
WeE +RVGE Aol FRReA AL Fohod

Table 3. Effect of Cd or Pb on the specific activity of pero-
xidase and chlorophyll content of rice seedlings

. Peroxidase Chlorophyll
Addition C°n‘;§‘§,}'§‘“"“ activity content.
(AOD/min/mg) (ug/g.fr.wt)
0 100 670
0.01 180 520
Cd 0.02 240 465
0.03 390 422
0.04 375 420
0 100 670
0.01 140 600
Pb 0.02 178 540
0.03 205 490
0.04 254 485
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s 2} (Ross Howden et al. 1995). ¥qt ohvg}l CAD2,
CAD1, HMT1, ADE2, ADE6, ADE7, ADES -2 23§
AZZE #AF S (Ha et al. 1999). whels] =534k
o FHE FAA) AYE FHARAEAE o83
phytoremedationo] FF<ofl G A|EA % Fu3
7 EQo Agd 4 QA FHwh Pinus®: Cedrus®)
7% =9k ek 245 Cda} Pbell 2]3)] peroxidase
o] FAo] 10v) oA ZFvIglclx R uE <o) (Baygu et
al. 1999a,b). W2}A] Table 3ol A & 4= 9lEe] Cd3} Ni
AeF 2o 3t ¥ peroxidasel] FAAZIE FF&
e 2ol g Mz ") Aol peroxidaser} o]
& 7Ps A& AlA g

3.Cu8} Fe ZE# 24 2]3} peroxidase &4 24 9}
o 2AA ¢ 98 BRI AL

Table 4024 Cu%} Fee 2]8F ¥ seedling peroxi-
dase?] BAJAE AHE T, T 2AA 7} FA A
o w)xlE of3e FAFEIS 0.5mM CuSO,l 25}
¥ peroxidase %/‘5‘% &7 vlsld ¢F 57%=2 74
gt 43%9 #AE YvEhUT. 28y 0.05%9]
ethanolell 2]3}led Cuell 2|3 A A= 2hHe1A s
Hol dz2 99%2] AL 33T 4 Ui it
oljg}l 0.15% ethanol E2) 3}l A] peroxidase E4]-2

Table 4. Effect of CuSO, or FeSO4 on the specific activity
of peroxidase from rice seedlings in the presence
of radical scavenger ethanol

Addition Ethanol Peroxidase activity
(0.5 mM) (%) (AOD/min/mg)
0 43
CuSO, 0.05 99
0.15 150
0 35
FeSO, 0.05 80
0.15 135

Table 5. Effect of various radical scavengers on the inhi-
bition of peroxidase activity from rice seedlings
in the presence of CuSO4 or FeSO4*

Scavenger (0.05%) CuSO0,4 FeSO,
None 43 30
Ethanol 99 95
Dimethyl sulfoxide 100 70
Mannitol 80 65
Thiourea 38 31
Histidine 67 72

* The peroxidase activity without addition of 0.5 mM CuSO4
or 0.5 mM FeSO,4 was determined to be 100.

s8] dzerg 159 Frhsled 150%9] &4¢ el
Wdch 0.5 mM FeSO4E #2)8t 72 ¥ peroxidased
A 279 35%=2 4aFgor), 0.05% ethanols)
o3led of 80%2 AL 3ET 4 st ojEd 2
= Cugl Feoll 23 peroxidase?] @A A AL 3
Aatag 2EE ezdo] wslsle AbEE AEG A
9}&t A 9& B Fr} Table 59| A= ethanol$ ¥ &3}
gkt g aAA Cusl Feoll 238 peroxidased
Al w2 JEFE APl Cuoll 2] peroxi-
dase®] A YA AL ethanol 9} e})e} dimethyl
sulfoxideo] 2]3}ed Y314 32z ¢ o}, thiourea
23)8] FAAHNAAFE AAFT. Feol] 931 peroxi-
daseZA] A2 7§~ ethanole]l 2]t HH3HA B3
Hlord Cuell 93 AR 2= Z2] dimethyl
sulfoxide: mannitol, histidines} %7 ZFAEA L o]
A% ge] 3]¥A171A] Z3lct o)jdt I Cus}
Feoll 2]t Ak3}d] AE2v) M2 g8 gzl 93]

4" 7PsAdel UTE BARH F50] AlEME
of zradA Hd EAEAE BEAAZ Bl opy
2 zd AP S e s & AlE 99
o]l 2t &3led M E2] ALSLAEH A (oxidative stress)ol]
AE AL o723 doAM HEF F&o %
EXHogXHE HRHoz HIE7% s} (Garia et al.
1996). wretA Al BA 2] 23 gafe] HAs}] oM
AzA EAEAY SPHE FEe e Wi Alus
AMg-E 4 9lch Cus} Fed M 2ol <2 2] Fenton
S-S S3gte 2 AbShA WEs doFicky YA
Yo} (Luna 5 1994). A3 w3l g ke N oM &
22 A ohe FAJAkAe] o3 il B
s 2} DNARES|7} dojutr] gt A EM Zo 4= Cus}
Feo] Al3}AEHAS H88 2l o} 5= Cu
9} Fex &40 B3l 37 iide] Ral g 8
ol 7% 9]} (Lee and Kim 1998b). wjelx] 2 o
FollA HedFE Cust Feol]l 2]3} peroxidase?] &4 x|
HALE A4S TS eldde] wirfsl: AbslA
2EH 2o 3 Zlolm o]#dt AbS}A AEH AT A
2 o9& gH7 276 o5t AAEE & F UA
=3

A A

£ d7e AW7leF ARATA] @A 99-3)0 =
e ol =P
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Effects of Various Environmental Stresses on the
Peroxidase Activities from Rice Seedlings
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Abstract - In order to examine the effect of SO;, which

is the major component of acid rain, on the peroxidase
activity, rice (Oryza sativa) seedlings were grown on the
media containing various concentrations of NasSOs.
NagSO3 concentrations needed for the 50% inhibition of
rice seed germination were determined to be 300 ug/ml
at pH 7, 8 ug/ml at pH 5 and 2 pg/ml at pH 3. Notably,
about 8 fold and 4 fold increase of the specific activity of
the enzyme were observed with the seedlings treated
with 8 pg/ml NaySO3; at pH 5 and 2 pg/ml Na2SO3 at pH
3, respectively. The effects of Cd and Pb on the pero-
xidase activities and chlorophyll contents were also exa-
mined. About 3.9 fold higher peroxidase activities were
found at 0.03 mM Cd, and the chlorophyll contents were
reduced to 63% of the control seedlings. At 0.04 mM Pb,
2.5 fold higher enzyme activities were found and the
chlorophyll contents were reduced to 72%. Therefore,
the increases of rice peroxidase activities might be in-
volved in the defense mechanism of the cell against
various environmental stresses such as NagSOs, Cd and
Pb. The effects of Cu and Fe, which are the inducers of
oxidative stresses by the generations of reactive oxygen
species, on the peroxidase activities were also inves-
tigated. About 57% and 65% activity losses were found
at 0.5 mM CuSO;4 and 0.5 mM FeSQy,, respectively, and
radical scavenger ethanol almost completely protected
both inactivations. However, dimethyl sulfoxide, manni-
tol, thiourea and histidine showed different radical sca-
venging effects one another against Cu and Fe inactiva-
tion,

Key words : Environmental stresses, Rice seedling,
Peroxidase activity

(2000 74 159 A 4,20000 84 25 A=)



