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ABSTRACT Oxidative stress derived from reactive oxygen species (ROS) is one of the major damaging factors in
plants exposed to environmental stress. In order to develop the platform technology to solve the global food and
environmental problems in the 21st century, we focus on the understanding of the antioxidative mechanism in plant
cells, the development of oxidative stress-inducible antioxidant genes, and the development of transgenic plants
with enhanced tolerance to stress. In this report, we describe our recent resuits on industrial transgenic plants by the
gene manipulation of antioxidant enzymes. Transgenic tobacco plants expressing both superoxide dismutase
(SOD) and ascorbate peroxidase (APX) in chloroplasts were developed and were evaluated their protection effects
against stresses, suggesting that simultaneous overexpression of both SOD and APX in chloroplasts has synergistic
effects to overcome the oxidative stress under unfavorable environments. Transgenic tobacco plants expressing a
human dehydroascorbate reductase gene in chloroplasts were showed the protection against the oxidative stress in
plants. Transgenic cucumber plants expressing high level of SOD in fruits were successfully generated to use the
functional cosmetic purpose as a plant bioreactor. In addition, we developed a strong oxidative stress-inducible
peroxidase promoter, SWPAZ2 from sweetpotato (lpomoea batatas). We anticipate that SWPAZ2 promoter will be
biotechnologically useful for the development of transgenic plants with enhanced tolerance to environmental stress
and particularly transgenic cell lines engineered to produce key pharmaceutical proteins.
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1 BMAIASL AISIAE A AR AT QR AEYAE Wow sl AAH T ROS
= 7% Al S 7R Qo] XA ibel AlEeEr B, o
WA 53, DNA S48, 234 A, @24 739, 31 &

ANES T8 374 AEA} 4F FHAEHAE WA 7 5 AAdAA A FAE FH AT A AEAEE
HE AN 2 (05 AR (electron) 9 HH-S-3}HA Z#) 8t} (Alscher and Hess 1993; Inze and Van Montagu 1995).
superoxide anion radical (SAR, - Q2 ), hydrogen peroxide  QIA|ZAH o}l Qi Eo] ROS7} Hd3t Lol HE AFd
(H202), hydroxyl radical ( - OH) 5-9] ¥Hg-Ado] & 549 & o8 FHET JoH, 21 &E9] 79% ROS7H 29 F¥,
Ak 2Z (reactive oxygen species, ROS)S.2 W&t} (Alscher 3} @ M ZANH] F2314 Tdsty gLo] g1 gk
and Hess 1993). ROS&= AA1<] A&l Al ME 42 o]g Zo] Hrigt ROSE Qg N7} Bz 2EHAE 413t
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2 E # ~(oxidative stress)2} 3}

AEL JANGE &7] gl 9F 2E i gig 3
o] T AEAEY & ZoE Az, i
AE) Hlg] B £79 iEAS AAHSH Alsher and
Hess 1993). 2] 20] Aalsl= FE3Z Q] F2 3Bl =
superoxide dismutase (SOD), peroxidase (POD), catalase (CAT)
£9o pEza da3a A (Bowler et al. 1994)9} ascorbate
(ascorbic acid, AsA, vitamin C), glutathione, a-tocopherol, -
carotene 59 ¥& LAY 2= AR PuTAR 74
HtHAlscher and Hess 1993; Smimoff and Pallanca 1996). 2}
LEg 2o o) Aot A E= ROSE AASAY oW
S 715e AW FARELL V154 AYAED
AAZ o) o14HT U3 ALID ok Y PA2EY
o WAEHA A7E oo BALEYLE FBY 9
£ AN A8 Ao B4 ek

A7) e HEY Fatstr) 7 dis] FEA Fiskr] T,
WA S| FE o] 2hds] Ay, kiR
& FHAE 0|23 AEA T 2E 93 LEF
20 A& /st SODE A 4T 27154 0] 4
A4 o] #g d78d 2 AFEAAE it ok
g prulA Bl AEAEd A §%E4 POD promotero
CLEFERIER L EEO L

2 gl BAEHI|T

2.1. Y= e| gtk

HEA (chloroplast)= ElFAURAE ol g3l olitstera
g TAE A7) A= QT Aba, A o2} ZE
AoREF AFAANE A A TdelA 71 o) Holx
EEFQ FRAoILh YEAE 2 = A9 B A
AAGA} EA3P7] W] YR AEHAE WASHE A5
©] ROSE AJ437] 718 41 Folch. JEA 9] AstAiEd
25 AE9 Ao A FEE R, AEA BAR of
YUz A3 E & 43S £ 5 Aok

FEA T ASEEHAE SE3] AT sl &
o] vk 53| ascorbate (AsA)E T4 B FEE 9
Ao EAs, G2 AEAA TAHA Z2 FeSODE &
A sttt GEA ] AsA: ROSE AH AAZAY AsA
peroxidase (APX)2] 7|12 E AME-E o] {33 AASIFAE A
Aske= ) o-&8taL Sltt Figure 12 FEA 9] Aks 71444
water-water cycleS UERd Rolt} (Asada 1999). Mehler ¥H8-
(Mehler 1951)°] <] #3}8HA] 1 (photosystem I, PST)elA
AP At @hEe]l - 02 (SAR)O] AAH D, ol Ao
gdatFolsutel] ERSHs CuZnSODe 23 H:0.% WEA
Halth AAE HO = gatdolEnte] Agse] Qs APX
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Figure 1. The water-water cycle and microcompartmentalization of
the participating enzymes in chloroplasts (Asada 1999). The detail
explanation are described in the text.

(APX)ol 9J3] AA=D, delFolmetel ] RelE SARZ
H 0= 2EZntdx A AT (Nakano and Asada 1981;
Smirnoff and Pallanca 1996; Orvar and Ellis 1997). HO, A A3}
Aolx 2EZnAl] s APX (sAPX)ol <8 AAE
monodehydroascorbate radical (MDA)2 ferredoxin (Fd) =&
stromad]] 1= monodehydroascorbate reductase (MDHAR)ol|
o8 AsAZ wE7 Qe rh Dehydroascorbate (DHA)= A
2]3Q1 "HollA pHell EQM4at GSHE AAFTAAZE o &
&= DHA redutase (DHAR)9) ]3] AsAZ g9t} (Deutsch
and Santhosh-Kumar 1996). SOD, APX, AsA, MDAR, ¥
DHARZ B339 ZFYMT EAste] A 2
o] ROSE AAsk: &L sk 222 4HA it (Allen
et al. 1997). wtetx FEA| e FA3|FE dAHeR
s AL HEY Qe 44, A ws F

8% ZAog FHn

2.2 Al EHi %M 2| s T

AN Y& AR} &S ol 483 FFA
& H2A (GMO) %, ZHu o] T FEHB Yy
A, A el o8 85 PN T Y TEA
I 7o 7}” Z 238k 7]%t7]1& (plateform technology)eil 3}
SeTh R WA EE SRENE BAYS Tl
- %ﬂ%%*ﬁﬂ(heterotmphlc growth)& 8% A7}
Aehe AER Vs g Auds 53 Asasd s
27N WFET Ue AR AP Teivt Tt
A B 2Ed 2o g 4atg TAL A7 A
o ek
ATYE MPAET FE ABEE 2N BT 9
Aol Fratd thdst AEFANA g 1004 T
YA ZE A Z SOD, POD, CAT 59 3Hatstas g4
3} AsA, glutathione 58] A&}t ga1sldd S A 1

tlo



Az, AEWFNEY HF SOD €42 AEA ) H|gtd F
Wl E9to s, POD AL vl$ &t} (Kim et al. 1994;
You et al. 1996) CAT 842 wkc} (Jang et al. 1997). 3]
SOD$} POD9] 1284 M X2 FYAM} (Manihot esculenta) 9
oK Ipomoea batatas) WY EE AFEHA2H, o]F AXE
TE olg3ty FsEL FAXY £, 7edT 2 AY
FSAE Jge] &8y Ut (Huh et al. 1997; Lee et al.
1999). & uj oFAl| 29 AsAﬂ 2 A EA ] Hjs) wg- 23

o glutathione®] FF2 A EA S} HKEAUTE (Ahn et al.
1998; Lee et al. 2000). rc}aw, YA EE 2 AstEER S
ZZA H°k5]37— ol& &3] Yt AIFAET #¢
PaAE FAE ASS AT & AU AsA
e —]EHH A EE AsAS] AT A Ao Hg A
& 4 QAU (Ahnetal. 1999). AEHOE A EHl¢A|
gatstase] A 9 gastr] 1 s F
o] AJARE L.
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3 MIAEYA KM POD promoter
3.1.4/2 POD

Peroxidae (POD, EC 1.11.1.7)& #Hakshri
3 279 714d& A8A71E 2 (RH2 4+ H20: — R+ 2H:0)
& ohe HARA §hgol NS WANEE vehiy) |
Foll 245 JFAEE Aok SRS Aok f718HE S
AglEkS S AR HE ARiFoE Q3 & 4o thKrell
1991). 2] E# A PODE URHH O & wpolai X, WA E, 3%
ole] 7ol o3 MEEA AEFA) VL G AH 59
HAJE5H4 AEH A wkEEiA I Aol FrtEtHvan
Huystee 1987). PODE hemeg 7HA3 Y& Foda g
isoenzyme HEZ 28] Yol EAjst=r), A& 27, A E
o] AAGA, HES] F9), AAE7E Sl et isoenzyme I
do] 37 gtk PODE %Z‘ié (isoelectric point) gkl =}
g AN, Z=A grxes 4 91t} (Intapruk et al. 1994).
13y 7} isoenzyme®] A2} 715l B E AT Z
oeiA YA gtk gl 27t 5 o8 AEXERE POD
¢DNA7} B2 E o drnto] AR AEA g o
SHAS ot

AN o

32. AEHA RN POD FXALL 22
POD 2AJAF 2-7uk i gAl 2ol A 4719 POD
p ZA9 swpnhE £
B4 2AR Ash Bl AR v Eo A
spl BRNAT. AH TR0 ABANNE A @
o1}, A, AL, OF E R AEFAZ QLS o

o swpal, swpa2, swpa3 Sk
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Figure 2. Expression of two anionic peroxidase cDNAs isolated
from suspension cultures of sweet potato (Ipomoea batatas), swpa2
and swpa3, in cultured cells and various tissues of sweet potato
plants (A), and expression patterns of two genes in sweet potato
leaves under various stress conditions such as chilling (B), wo-
unding (C) and ozone (D).

7384 K- EEHATH (Huh et al. 1997; Kim et al. 1999) (Figure 2).
3 F swpal L swpnl- & EY& FFAE Gl 4E2= ROS
E A&t A2EAL el methyl viologen (MV,
paraquat)ol] thE WAEA S AR 23, swpal A EA| o]
Mvel digt S7td Y-S Jehlo] 717 POD9] 71%50] o
Zo] AJAME QT (Huh et al. 1998; Yun et al. 1998, 2000). &3]
2ot s FAEAA 7Y Ro] AtEe A2isoenzymes 3
=k swpaZ f AR HEA AT A SHEA &
KA 2EFHZ2O s 7 A FrEEJT (Kim et al.
1999). ¥ FA ol ZsiAl s, A2 A EAAE &
3R] LAt ASIAEG XA AEA A A K
+ swpa2 cDNAE probe® AM2-3la] genomic clone (SWPA2)
£ B35 thKim et al. 2002).

HAZ AA §AX G7IMgo]l BAE WA (Arabid-
opsis thaliana)®] POD 54217} 647071 £33 A2 4
=1t} (The Arabidopsis Genomic Initiative 2000). wh2bA], 15
wHE X3S A EAE 74 /49 POD fAA7 EAF Aol
7FeA AATEI W, oA zhzh POD Ak el 7]
T A BEE Aotk dFHAME 2EHA B AR
3 Fsteke #F4AM ZHre] POD Ak 715& st
7] Y8t el A A POD SAXE Bashs d77t
3 Folrt

3.3. POD promotere| &M +H

27k MPAEAN P e BRI 2AE 2B
o 98] Leo] F-EE = A2isoenzymeS F T 3= swpal -
ZA}+e] genomic DNA (SWPA2)E ¥-8] 51, promoters] E-A4
£ BEAHRE O R FANE A3}, SWPA2 promoter G ol &= &

S EANA ABFAE 2 BEE F£29 cis-elementV} &
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A go] FelE 2t (Kim et al. 2002). SWPA2 promoter 258 5
709 deletion mutantE A2}t GUS S-AA}o] dZAste o
v} BY-2 A|ZE o]-23} transient assay 234, 1314 bp deletion
promoters= CaMV 35S promoter®] &Aoll B3] oF 308)] =&
g4& Jellglth (Figure 3). §iH o1& deletion mutantT
CaMV 35S promoter®}t B]523t EAS RN Ik 968 bps}
1314 bp Atoldl|= positive cis-element7}, 1314 bp$} 1824 bp AL
olojl= negative cis-element7} Zzt EAE RO 2 AZHG
A ool tht AAgH A7t FPFolck

SWPA2 promoter= AW T2 EA| oA ofzichia
(GUS)o| Zadslra, A, A Fofl o3 sl f=s
of, ZEd |2 YA AE o &34 &8E F sl
AAE AT} (Figure 4). =8 FAA3 Gl EAAM g
FAA YA TN 53] A ddEel FAHUTH
1824 bp promoter= HJ FA|710l] FAIGlo] CaMV 35S promoter
o Hla)] 3~4u] =& AL Jeh)gle ™, 1314 bp promoter
= d5227] ety 52 GUS 84S Jehfo] CaMv
35S promoterol] B)3) 7~84] ek (Kim 2000). 270} wi
AE2 QFF7NMY FE swpa2 A L&} A3}
A HKim et al. 1999). Wby SWPA2 promoter+= ZH5 9|54
il ¥Isle I¥IPE] FEEFS Aiske AE
AEANESF Jfde] E8o] 7|Erh A 2EH A B A
SWPA2 promoter®] &X4-8 FE3Fo0]m, SWPA2 promoter= &
AzEds WAE 3 9RYE ASRPITIN $82
A Ak Sof o] 88 & 9l& ASE JiUEH ol g
d AgSol JPFeltt

Cal .
L 11 1 1 i ]
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Figure 3. Functional analysis of SWPA2 promoter deletion mutants
in tobacco (BY-2) protoplasts. Deletion mutants defined as number
of base pairs from the site of translation. GUS activity is expressed
relative to that supported by CaMV 35S promoter, which was 5176
+96 pmol/min/mg protein. Data are means + SE of three
replicates.

4 GEH SAHI|T CAEHol st AEE AL
R

4.1.SOD9} APX RIS HEF 0| TS AERA LA A
=5

ABAEYAE FEdsie FAZEH 2 g WS
BHyET o) ofA7A] AE-3Q] AENEd= o]EA X
3t Ytk (Kwon et al. 2001b). SOD&} APXE HEA | T4
of FLHAI|= AEAT FHLEYHLZRH HEAE B
Taker oA WYHoE AZhEe] A1’ SODS APX
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Figure 4. Activation of GUS activity mediated by SWPA?2 deletion
mutants in transgenic tobacco plants cued by distinctive envi-
ronmental stresses. (A) GUS activity at 48 hr after 1 mM hydrogen
peroxide treatment, (B) GUS activity at 48 hr post mechanical
wounding, and (C) GUS activity at 24 hr following UV treatment.
Data are means + SE of three replicates.
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A0 AEA =yE FHAIEAE /Nt UE
g ABIAEd A9 MV tig W3S ZARBIATH (Kwon et
. 2002b).

=l (Nicotiana tabacum cv. Xanthi)ol] SOD$} APXE ©=
FE B2 29e 759 JFASA (T2 AthE 7HEste
2EH A YASAYAS v FIATEA (NTHEA, Ev
Xanthi)¢} v stgoh FAAEEAE AT £
SOD$} APXE CaMV 358 ZEREE A&t gEA )
targetAl7] A0 =2 1) CuZnSODE E¢38F FAAFA (CuZn
A &4, Sen Gupta et al. 1993a, 1993b), 2) MnSOD& =% &
FAFAEA (Mna]EA), Schake 1995), 3) APXE TYT 4
23 (APX2]E4)], Webb and Allen 1995), 4) CuZn 2] &3 o)
APXE T3 2124 (CA2EA), Kwon et al. 2002b), 5) APX
Al 2o MnSODE Esk AEA(AMAEA, Kwon et al.
2002b), 6) CAAEAE REO0Z 3lo] AMAEAY w3
FAAGAEA (CMAAEA), Kwon et al. 2002b), 7) AMA] &
AE REOZ 3o CANEAS A3 FAHIAANEA
(AMC2] &3, Kwon et al. 2002b)2] 7&0]t},

A EA o] AHUA (leaf disc) 9t HEAE AHE-3
MVol g WAL ZAME A3} SODS} APXE HEA9 5
Ao wEAZl 227 MVel] st WAL Jehhct
AMCAEA 9 CMAAEAE 2 uM MV X2 F 24470
NT2EA] (Xanthi)ol] €3 z+z} 82%9t 47%2] A EZehEAte]
BeaaE Yk A S/ saArt =Yd
CMAZ| 289 AMCAZA7} 714 MVl i3t B3 gx7}
Zoton £ 259 gAslaAr TYUHE CAAEA S AMY
EAT =& B3 E9E Vet (Kwon et al. 2002b).

YA KA EA 25 MMV E AZstHE W NTHE
AE 30%9 7HAA 29 FEE VR CAAEA],
AMAEA, CMAX EA], AMCHEA & 1~3%2] D) & e
N (Figure 5). 50 uM MVE A Z8159E o) NTHEA =
62%2 H&E dehi e CuZnEH S Mnd EXE 4]
28 FaE JERIJYL, APXAEAE 40%2] g H
9k, SODS} APXE FAld] B AEAANME 5~12%9]
Hai & JeRAth 044024 SOD9 APXE FAld HE
Aol WHAZ A EA 9 Y MVl 93 AFAEH AT
g w2A sBHE 2 ¢ 4 ATk £ SODS APXE
ZA0] GEAS ALAAZ HEAE FFE, AL, hypoxia,
AF 2 AFx 2EH 20 s WS JERIAT (Jeong
2001).

Az ASAEFHA S54 SWPA2 promoterd]] SOD9}F APX

F-— B i

2 A3 JANEE A Fsle] 22 A FAAZS A
Sl 9o}, BFAEF 20 & At FEo] 7|k
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Figure 5. Quantitative estimate of visible damage that appeared on
leaves of non-transgenic (Xanthi) and transgenic plants expressing
SOD or/and APX in chloroplasts 3 d after spraying MV. Transgenic
plant lines that expressed combinations of three transgenes were
used. CuZnSOD=chloroplastic CuZn SOD, Mn =chloroplast-
targeted MnSOD, APX=chloroplast-targeted cytosolic APX, CA=
CuZnSOD-expressing plants retransformed with APX, AM=APX-
expressing plants retransformed with chloroplast-targeted MnSOD,
CMA and AMC=offspring from reciprocal crosses between CA
plants and AM plants that express Cu/Zn SOD, chloroplast targeted
Mn SOD and chloroplast-targeted APX. Data are means+ SE of
three replicates.

42.917 DHAR REXIE
=7

HEH 0| TSt AEH ALY A

A

Dehydroascorbate reductase (DHAR, EC 1.8.5.1) H=}5¢
A Z glutathione (GSH)E o] &3t 433 ascorbate$l
dehydroascorbate (DHA)S 4132 393 AsAZE HEAT
£ F20lth AsAl AN Q7 7H 5ol AT
ARSI ZA HF ol SHAY APXS] 71EE2A o] &E o] &4
ArF L AASEH TR Fogth A2 2F, UV 5
#edS Bole o7 wolFo] A E HlE AsAY
o] P3| wom, AsAS] APl FHAY Aol e
Zo] B IE YT} (Conklin et al. 1996, 1997). whelA], AsA7} §
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BEEH 2 oaf AdsiAl 4= ROSE A A= 4t
SHIEA SFWAAAZ T840l SAHTA AsA AT
2 Al B Sadt A7 JYHT e} (Wheeler et al.
1998). A-1+9-& B (Scutellaria baicalensis) B} FH X & ALE
dted AsA Aol d% A7E TRt MFHEE AsA
A B dAraTe 238 A4US AAE vt Utk (Ahn
etal. 1999).

HZ A7ELS YAAM £ DHAR fAAE FEA
EQAI B EAE HEsled, Al DHAR #3427 34
oz AHEA 2P (Kwon et al. 2001a), MV, AL,
NaCl 5 o2 ZEd 2o g Wide vehli= 2E g3t
A0 (Kwon et al. 2002a). W2t F35A)9] A7) +& 22
a7 18 A& HEAE ML) AsiME SWPA2
promoter®} 2+ ~EF A FEA promoterS AMEST SOD,
APX,DHAR 5 3itgtas #AAE HFos =98 I8
7F o] AAE] FEAH] FA FPFolh

5.50D 1&gy 20| Ty
5.1.S0D

Superoxide dismutase (SOD, ECL.15.1.1)& AtAS An|sh=
AEo EAEH AP 3 20:+2e 7 —2:-02)H
o] A7]= -0y (SAR)E AAH= F2olth McCord and
Fridovich 1969). SOD 8- ¢Ja] AAE H,0,= POD =
CATo] 9] 54o] gle EZ HEFth SARS 0= 3
&7 sl 7HE FAo] 2 BAANATY - OHE AAE
t} (Harber and Wess 1934). tj2}4] SODE SARe] A\AS ¢
A -OHS) AAE dlshe AAYel7)5 AW $28 8
Ab8l & Zolt)h SODE 3437 9= metal cofactorel] wha}
CuZnSOD, MnSOD, FeSOD2] 3£0] lon CuZnSODE Al
¥4 2 Q=) MiSODE TIEZE2olo], FeSODE 92
Ao EAch SOD7E Ad E48E EXS o]t Fol
BA #8Y N8 5 72F 254 29 A8A e ksht
A AL a4z AEET Ytk (Foyer and Mullineaux
1994). H o= L)l HaE 92 FFo] SODE vIEH
SOD7} #ji-9] Rn&02 IFHo &8 77} 38 (B
3t B % Ut} (Filipe et al. 1997).

x7HA] SOD & 4Hsta4E =Y FAAHE &AL
Mo} ARA MV 5), L&, AL T ASLEHEE {2
e SAH2E 20 tig WA Solde] BuHI oy
(Allen 1995; McKersie et al. 1993, 1996; Perl et al. 1993; Sen
Gupta et al. 1993a,b; Van Camp et al. 1994) o}Zj74] LA
A EH Melle ol2A] B3 Utk (Kwon et al. 2001b). &
3] vaccine f+AAE wht Foll EUste] He WAl (edible
vaccine)? o] SODE 28 7153 A EZXA ] AF wds}

= A ZAA6kS-7] (plant bioreactor) A|2®-& I3t} Al
¥ o= g}t (Goddijin and Pen 1995; Mason and Amtzen
1995).

5.2. SOD WHHIE| RIK U HEIFSH

FiAtb M Eoll A E2]FE cytosolic CuZnSOD (mSODI)
(Lec et al. 1999)& o] oA LHAF]7] A3t Qo)
FAeMTE ZZHEQ] ascorbate oxidase promoter (ASOp)
(Yoshida et al. 1994)& o] &3} ASOp:mSOD1/pGPTV-Bar
FAAE A E AZt) 713E 2 AA el 9
g 20)9 AEske AFHY 3 FYIHAJD (Kim et al.
1998, 2000). s s Thc}7] LOo)1FAE FPoAZ] F Ho} 5
dE FAHEAY AFHAUAE YA A ALE39
ASOp:mSOD1/pGPTV-BarE 7} Agrobacterias AF2AH
At gt FAFHo2 JHAARANE AU (Leeet
al. 2002).

PAAE 204 EAS] YO ZRE] genomic DNAE £
3ted Southern £4& AAIS A 270 = 1 copyH, I7H =
2copy’t EHHASE € F U o] ARS8} probe= FH
Ak} mSODI cDNA®] 3"-UTR %9 (5°] &3z ¥)&
PCRE ¥/ (260 bp)ste] ©]&-3xith SOD A XS 20]4]
EA oA mSODI §-AA= GulellA A ddstgovt o
dMe A FEHA FAY e FE3A o] RS A}
435 ASO Z2REIL Q0]¢] dufellA s ddeA T
(Yoshida et al. 1994) Hel| A= o} oF3lA Wesh= TEHEH
o] EA39) &J3t Astolt} (Lee et al. 2002).
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Figure 6. SOD specific activity in fruits (A) and leaves (B) of trans-
genic (T1, T2, and T3) and non-transgenic (C1 and C2) cucumber
plants. Data are means =+ SE of three replicates.
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5.3.S0D 0]

HAHE Q0] Fule] SOD ¥IEAE (units/mg protein)=
140~160 =2 v FAHE 20]FEn (60 units/protein)ol] ¥
af oF 2.5u) =3kt} (Figure 6) (Lee et al. 2002). FA AT A&
Ae) @ololA 44 SOD BAE vBAAY QolLujrct 3
W o4 7 UEkdk A% 9ol SOD B4L FAABe
Agle] URaA HARUT: FABS 20)9) Aule) SOD
isoenzyme THEl (84])S native gel HPH O 2 FAL3I], Ak
BoMe #&HA %2 AN Zo] L= CuZnSOD
isoenzyme WMZE 3213t (Lee et al. 2002).

Qo) §ARHo| oE& AZols oX7kx] SODS} 720
F42AE EUE ¥ 2ol BT v gk o]
SOD% Ik Lol YRS E A% SHE AA
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