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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 results 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 ([pomoea batatas). We anticipate that SWPAZ promoter will be
bictechnologically 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. gdiael MSAER A ME op BHEAT RAEYAE wow st A4
=tk ROSE 733k A3k S 71| 7 o] XA ksl A xet

B, vl A 2a), DNA SAA80, 334 oA, 9&4 13,

é—]%‘% £33t 3714 Ag%i‘“ﬂ‘ Z-}%" 3::_]'731_/_\_]?_31] 2E vHA 43 ?_3'5 = @iMMW Aga];j 1}0}] z=m Ag 7:‘0 A

HE AAY A (0= AR} (electron) 9 ¥HEEHA FAPES Z#Ft} (Alscher and Hess 1993; Inze and Van
superoxide anion radical (SAR, - O ), hydrogen peroxide ~ Montagu 1995). Q1A o] o] ROS7T #HA3lal S
(H202), hydroxyl radical ( - OH) 59 ¥hgAdol & SA49 o] L A7 93f 3= o, 452 7%= ROS7L
PAAAZE (reactive oxygen species, ROS)2. 2 W3ttt A ¥ AY w3l L AFAMEC £8351A G} 930]
(Alscher and Hess 1993). ROS= AJA 9] AArAQl tiAbaAe] WAL it o]} Zho] sthgt ROSE <lgh Hl27p v
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AEFAE A3lAE g Moxidative stress)t} FH-

ABL THYES 3] dFo] F LEH 2 s &
ARl e AEAED 2 AR AZHH, &
g vla] B TR/ FsEAE AYAgrHAlsher and
Hess 1993). 2J&0] Astehz T84 2 =2 =2s
superoxide dismutase (SOD), peroxidase (POD), catalase (CAT)
=9 7Rz ABLAE A (Bowler et al. 1994)9} ascorbate
(ascorbic acid, AsA, vitamin C), glutathione, a-tocopherol, -
carotene 58 ¥ AP S = AL glsEdE 74
#thAlscher and Hess 1993; Smirnoff and Pallanca 1996). 7=
2Eg 2o 3] it AAE= ROSE AASFAY o
e Z15E A FASEAL 71548 A73AEFH dodEe
AAE gol o]§HY X NEEI Sk w3 iksEA
o] ARy ATE Tt FHLEHNAE S5EE ¢ U
= AN THE gl &L= Yok

A7l AEe] szl tis 9EA )7,
woFAl £ dhatelr| 2 o] 7hdd] Avfska, Bt E
A FAAE o8¢ AFA AT 2™ A AEY
2 A E 7ds) SODE 4ol =43 217154 0] 4
A Aol A A7”e HT AFAAE AfETh ok
2 Falell A &3k ARAE# 2 §EA POD promotero]
et 54 2 21 E8o thate] ARgi

2 Agel BUE|7
2.1. A=He| eit=r |7

Q24 (chloroplast)s= Ej ol x| E o] &3l o)it3leka
A Q70) AE) BLT ALk, 4B ohle} 2%

ook} AYAAE AV AN 7H oHelD
5879 TAoIT PRAL B FEY Aas B4 2
ARGAZ} EANG] BBl ARAENAE WKW Hat
o ROSE A4317) 71 418 Folth §SA Astred
2E Age] A6 2 FFS IR AHA BAR of
b AT 2 de Z 5

FEAE AFAEHAE FES] g )7 &
dgEo] glrh 53] ascorbate (AsA)= Y ¥ FEE %
Ao EAshm, GE QAN BAHA] g2 FeSODE &
At G2 AsAE= ROSE FH AASNAY AsA
peroxidase (APX)9] 71EZ AMgHol falgt FstridE
AAsH= ©l ol&3taL Stk Figure 1S 5] 34t 7)1+
¢l water-water cycle2 UeRd ZAeolt} (Asada 1999). Mehler
u-2(Mehler 1951)0 &Js 33}8}A) I (photosystem I, PS 1)
ol A Bape] Abavt @dslo] - 0x (SAR)O] AAEHI, o]
Zo] "glFolEuty] 5= CuZnSOD &3] H:0.2 wh
27 ddit) AAE H0= gefso|mrte] AgEo] =
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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 (tAPX)ol| 23] A|A =™, datzo]l=2telA {28 SAR
I} HoOr= 2E R A A AL} (Nakano and Asada 1981;
Smirnoff and Pallanca 1996; Orvar and Ellis 1997). H20; A A 3}
AolA 2EZvtd] &= APX (sAPX)o] s A"
monodehydroascorbate radical (MDA) ferredoxin (Fd) &=
stromao] ¢l monodehydroascorbate reductase (MDHAR)]|
93] AsAE w2A Y=k Dehydroascorbate (DHA)E A
23Q] HollA pHel| E<H3le GSHE HAFAAZ o]
3= DHA redutase (DHAR)o| 93] AsAE AT}t
(Deutsch and Santhosh-Kumar 1996). SOD, APX, AsA, MDAR,
9 DHARZ H]33H 23 YoM E EAlste] FEA A%
Zol ROSE AAs= 948 st Aoz 48A Ao
(Allen et al. 1997). wW=br] QEAY] 3487 FE AR
o2 2AIE AL HEY AMS 44, FHAFIE A
T F83 AeZ 7FHth

22 ASHIOE S BB

AEA TGS AELSE 7IEs o8 8% FE
3 2EA (GMO) N, 22l o3 #8289 thzd
A, Akl oJst f-E-EF9 gFAN T TS
Z Jfate) 7} Z=28 7]Hk7)<4 (plateform technology)dl] &
FHETE iR N EE JRERE gAYS Tl
AAEl= Fd2od ok AL (heterotrophic growth) S 3PH 4] &)
7F Ak Aol vlshH w2 AEHA 53] MASAE
B2 Z2AANM wiekEH T 9lE o2 A" Jejvt vl
AE7E A wiek 2Eg 2o tigh AsketAel #AH A
7= A9 gitk

ATEHE WGNEE B2 ASAEH A gEHT ()
S Aol Ftste] thget AEFolA FEg 100 F9
WA TS A2 & SOD, POD, CAT 59 3413tas 84
3} AsA, glutathione 5-2] A2} gAtslddS ZARIASH 1



A A B G 2o HFF SOD A2 AEAd H)ste 4=
Wl E9kom, POD 4% vl &3O (Kim et al. 1994;
You et al. 1996) CAT &A1& wkt}l (Jang et al. 1997). E-3)
SOD<} PODE] AR M EFZ FWA} (Manihot esculenta)
9} ZFu} (Ipomoea batatas) WiFA T E Adsigon, o)
AMEFE o]&3le dlslald AR £, 75A7 2
A IZSA Z b)) &85k vk (Huh et al. 1997; Lee et
al. 1999). gk wiFHES] AsA FHEE 2 E-H o) d)&)] of¢
2ero ™ glutathione?] 3R A EA) 9 v)5:381% T} (Ahn et
al. 1998; Lee et al. 2000). WA, Wl = & AZIAET)
2 ZZA wigHI o)lF FE37) sl A EA T o
§ w2 PMELE EE US98 5 Uk
AsA Frefo] 2 AEulA I = AsAY] A AL A
§ AE AT 5= QI (Ahnetal. 1999). 22202 2B
WP EE F-& st aho] B4 9 4kst7)2 14
o £ Ao AlALE L

3 MSAEY A FEM POD promoter
3.1. Al POD

Peroxidae (POD, EC 1.11.1.7)= #Absles 204 thek
g F7e 71AE A7) A8 (RH:2+H:0: — R+
2H0)E ke EAEA ¥Hgo] vizksiy whaukes yehy
71 wZoll 25 QGAIE S Aok BHeHRAE Aok 8713819
&9 shiks Gol AMHE AYFes £93 dior
(Krell 1991). 2]EAolX PODE Yubd o= ulola| A, u]Al
B, 380)9] Zgel gt AESHH 2EY 29 1 4G A
A T WAEH 2Ef 2o NhgEiA O @4jo] Fuhe
tHvan Huystee 1987). POD¥: heme S 7} Y 9 gotuld
2 B2 isoenzyme FeH2 A EA ulo] EA gk, 289
TH, AT A, HEY 29, ARARY So we
isoenzyme #j¥le] ZA d&kzith PODE £44 (isoelectric
point) gell wat A, T4, 71422 UE £ U
(Intapruk et al. 1994). T2} 2z} isoenzyme2] A2 7)o
M= AA7A 2 deEA X & g, 17v 5 o
2 AEAZHE POD cDNA7ZF Hel5lon gitvto] &g
A% A EA Lol o) &HUS Mot}

32 AEA REM POD XA 22|

o)
=
oAl LA, FAHR] v B E A v
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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), wounding (C) and ozone
(D).

Z4stAl FLE ATt (Huh et al. 1997; Kim et al. 1999) (Figure
2). 1 F swpal E swpnl-g EYT H2AH3 G2l EA =
ROSE Asle] #2848 Yehll&= methyl viologen (MV,
paraquat)ol]l thgt WAEAHE ZAE A, swpal 2 EA 7]
MVl tigt Z7td WAE Uehlio 7)) PODE) 7150 ot
o] AJALEE} (Huh et al. 1998; Yun et al. 1998, 2000). &3]
Jtet A Eol A 74 Eol A4kEE A2 isoenzyme S F
Ll swpa2 AR 18R ZAAME A SEHA &
T AEH S o8] sFE AskA SEHYT (Kim et al.
1999). vl M Fol] ZFatA] wrEsis, HaE e A EAol)= v
HatA] AT ASFREG 2oA A EANA A HEH
+ swpa2 cDNAE probeE AME-3la] genomic clone (SWPA2)
& B89 vtKim et al. 2002).

HT AA F4A 7ML ZAY NN (Arabid-
opsis thaliana)®] POD &AA7F 64707} ZA51= Ao 7 &
A5}t (The Arabidopsis Genomic Initiative 2000). wakAd,
IekE 2ok A EAE 4 MY POD §4A7) E41
Aol 7oAl AAFEI RO, oFd Zhzt POD -3 4ke] A F
] 715E AY BEE HFolth AFHAME 2EHA E
A Eshebe #A-oA zizte] POD 4219 71%5S

[*]

rR

3.3. POD promotere| EA 5

Zvh HEAN g 290 HEET A% AEds
off o8] Wao] f&uls A2isoennymeS FEHE swpa? &
H71e] genomic DNA (SW/42)E 3-2i8fod, promoterd] B4

g Eeto g =abel A, SWPA2 promoter Yol =

o
SEAZEA A a2 AR F£E£9 cis-element 7}



72 - Korean J. Plant Biotechnology

Z7) o] =t} (Kim et al. 2002). SWPA2 promoter £ 5
Bl 57019] deletion mutantE A 237 GUS -3 &bol| H A5}
2l BY-2 A& ©o]&3 transient assay 43}, 1314 bp
deletion promoter= CaMV 35S promoter2] Ao wj3) < 30
] =& 4S5 Jehldot (Figure 3). ¥FH k2 deletion
mutants= CaMV 35S promoter$} ®)523t 8418 el gich
968 bp2} 1314 bp AFo]ol|= positive cis-element7}, 1314 bp<}
1824 bp A}o]ol| &= negative cis-element7} z}zf A8 Ao
Aztele] @z old] gk AA| g AErt FlgFolth

SWPA2 promotery= FHAZE HulAEA oA oA
(GUS)o] ksl A, A9 Sl oa Zeil fres
of, 2Ed A WA AE gl f&a €88 F U5l
AAE Ak (Figure 4). 530 FAA S g2 ERoA FE%
HHAE WM EAA 53| FeiAl HEEo] FAHJUTE
HJ A7l #Aglel CaMV 35S
promoterol]] H]&] 3~48] 2 FAS Yehloy, 1314 bp
promoter= tH4E2]7] FHHLE 2 GUS 84S Yehfo
CaMV 35S promotere]] 8|3} 7~88] =k} (Kim 2000). 7+
o} BiFAE] AFFIINMY B swpa2 FHAAS] FH
A =)t chKim et al. 1999). WA SWPA2 promoter= 25
58 WA XIS IEIPEA FEEHES A
HEE AEAEFT sde] Ego] JitHET: A 2EHA
-4 SWPA2 promoterd] EA1-S FHFo|n, SWPA2
promoter= 3375"‘53“* WiaAE 9 AT A3 A
M FE&=Z2 A4 T olE&E F UE ALE JEHY
ole] ot 7 @ﬁ*o] Zl8) o]t}

1824 bp promoter+

-1824 3

-1314

CaMV 355

! | L. !
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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 517696
pmol/min/mg protein. Data are means + SE of three replicates.

4. AEH FUEI|IT A=

¥ NE

Hojl ot 2EAY

QI8 ABA L A

4.1.80D2} APX FHAE HEHO) =

=5

HAN7HA gatstaas EYT A=A HLEH MV F
ABAEYAE Flshs SALEY R g WS
BIE7 lou opf7ia] AE2R1 AENdelE o]2R £
37 Ut} (Kwon et al. 2001b). SODS} APXE FEA| o FA]
o HLENTIE HEAE FHRLEHLERE HEAE B
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Figure 4. Activation of GUS activity mediated by SWPA2 deletion
mutants in transgenic tobacco plants cued by distinctive environmental
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.



APXE EAld] gEdd =U¥ #AAFEAE
HEd Astreg 29 MV g WAS 24}
(Kwon et al. 2002b).

2l (Nicotiana tabacum cv. Xanthi)o] SOD&} APXE &=
TE B4R s 759 dAASA (T2 Ad)E /Hdsie
2EH A UYASAS HFAABYEA (NTHEA, B
Xanthi)9} vlZslch AAEAEAE SFolA e
SOD$} APXE CaMV 358 Z2REE Ag-sled HEA o
targetA] 7l A2 Z 1) CuZnSODE T=Yet AFASA (CuZn
2124, Sen Gupta et al. 1993a, 1993b), 2) MnSOD S =3
FAASAEH (Mna]EA|, Schake 1995), 3) APXE E418
A2 (APX2) 54, Webb and Allen 1995), 4) CuZn2] E] ol
APXE T3k 2124 (CA4EA)|, Kwon et al. 2002b), 5) APX
21 ZF ] MnSODE EYg AEA(AMA =], Kwon et al.
2002b), 6) CAAER S REOF sl AMAEA 9 wgsh
PAASAEH (CMA2EA), Kwon et al. 2002b), 7) AM2] &
AE REOZ 3l CAYNEAY w3AT FAHASAEA
(AMC2]E-4], Kwon et al. 2002b)e] 7&0]|t}.

HAADAEA ] AHHA (leaf disc)t AEAE AHE3L
o] MVel djgh W& AR 23 SODS APXE A=Al
ZAlo] WA AE5A 7 MV 7 WAS JeERiQITE
AMCAEA 9} CMAAEA = 2 uM MV XE 5 2447k
NT2)EA| (Xanthi)ol] W8] ZH2} 82% 9} 47%9] Al L eE2te]
B3I EHE Yk A F79 stasrt =y
CMAAEH 9} AMCAEA 7 713 MVl thdt H3axst
Fokom, £ FR9 lslasvt SdE CAAEA S AM
AEAE & 23EIAE YER T (Kwon et al. 2002b).

FHAAE F2EA ] 25 MMV E AZeige o NTAHE
AE 30%9) 7Aoo HfE eERRR oW, CAAEA,
AM2 EA|, CMAAEA, AMCAEAE 1~3% FHHE
BRI (Figure 5). 50 M MVE A 23RS o NTH=A|
= 62%<] HIE YepYoH CuZnEA 9 MnAEA=
#2238 95 & eI, APX A EA1E 40%2) s HQ
B, SOD9} APXE FAlo] 2dE 2 EAAAME 5~12%9]
A3 & Uellh o]/ d 24 SODS APXE FAl] H5
Aol THAZ HEAY Y& MVo] oJd AFAEHLZE
H wEA IJEEHE RS ¢ 5 JUTh B3 SOD9 APXE
EA0 GEA ] AR AEAE TS5, A2, hypoxia,
A7 2 Az 2Eg X d& WS JeRlth (Jeong
2001).

A AFAEH A 54 SWPA2 promoterd] SOD$}
APXE ZAgg HEHE S A &sto] 2 AEo FAASE
ANEFI o], B AEg Ao & AT FEo] 7|dEth
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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 Cuw/Zn SOD, chloroplast targeted Mn SOD and
chloroplast-targeted APX. Data are means = SE of three replicates.

42.9I5 DHAR SEXIE HSHof o8 AsaAuy A

=

Dehydroascorbate reductase (DHAR, EC 1.8.5.1)= A3
A2 glutathione (GSH)E ©]-&3ta] 4H8l3 ascorbate)
dehydroascorbate (DHA)ES 489 33 AsATZ HEA)7)
£ G20tk AsAe AWM o8 7EA] 7150l dAR &
A ZA A ol &EH AU APXE] 71ZEA o]FFHo] B4
A2FS AASH F280 BTk AT 2F UV 5ol
F4g Bl of 714t WolFe] AAAE vlsh AsA
of EA3| won] AsAel ATACl FAH FPel Y=
o] B =t} (Conklin et al. 1996, 1997). WHEkA, AsA7} 8

W oof dY
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ZAEEF 2o o) HrtatA] B == ROSE AAS = 34t
FAZA BRFWYAAR FaA0] FNHATA AsA A
2 At 3 %H%l- A7t A HL 9t (Wheeler et al.
1998). AFEE 3+ (Scutellaria baicalensis) BN EE A}
S3lol Ash B B8 A7E Fastol, MPIES Ach
AT 2 ATl F28 249 AN B Sl (A
et al. 1999).

A AFEL A A E23 DHAR F-325 4S54
Z9AZ ERAEAE NEste, Q1A DHAR #2347 A%
2o g AEA 2= e (Kwon et al. 2001a), MV, Z-2,
NaCl & ojg] 2E# 2o gt WS veflle A& gelst
ATt (Kwon et al. 2002a). W2ha] FEA Y itslr| g 23
37 A% AEH NBAZ ALsy] AHHE SWPA2
promoter$} 7+ ~EH A H A promoter-g AME-3}3. SOD,
APX,DHAR % 341stas 434S 2oz g g
7F Qd&ol AAHo] FELPo] #A| FPFe|th

5.80D 1&gy 20] 7w

5.1. SOD

Superoxide dismutase (SOD, EC1.15.1.1)& At4& 4AH|d+=
Aggoﬂ ZAstn] ALEA7L 3 20+2e 7 —2-0:.)F

o] A7l -0 (SAR)Z
Fridovich 1969). SOD 75]‘—9-01

AAs= &holtt (McCord and
93 AAE H0:E= POD B
CATdl| 93 4ol gle €2 HEHTh SART H:0:= 3
EA] sl A 7H B0l & E444HAF - OHS A%
t} (Harber and Wess 1934). w}g}A} SOD+ SARQJ A AL} &
7 - OHO WAL dbsts AR} 715 AW 223 3
Algla Aol SODE &fsty Y= metal cofactoroﬂ o}
CuZnSOD, MnSOD, FeSOD&] 3=} 91om CuZnSODT A
3 92 JEA N, MnSODE tlEZEEo}o], FeSOD+ H5
Aol EANect SOD7} A 434 EAE o83t Frf

2 #8Y A8 5 A% HYAG 2 AEA B ks
A AEe] FAZ g e}t (Foyer and Mullineaux
1994). H Lol = )Mol H3)E Y2 | Fo] SODE HI=H
SOD7} 359 R9&0 = HTso] &44 Birt 35 (B
3)¥Eve 2% ot (Filipe et al. 1997).

7R SOD 5 akstasrs T3t dAAs 2 EA7}
s AZEA MV 5), &, H2 F ASAEHLE F
sl SAAED A gE WA Bolio] Buw Ty lout
(Allen 1995; McKersie et al. 1993, 1996; Perl et al. 1993; Sen
Gupta et al. 1993a,b; Van Camp et al. 1994) o} 2| 74z] 287 9]
AEA ol o]2X] E& vk (Kwon etal. 2001b). 5
3] vaccine FAAE Bh Sl =948t HiE WAl (edible
vaccine) ¥ 7o) SODE A& 7Fsg A& % st

rir

A EAA WS- 7] (plant bioreactor) A| 28-S JHWEl A} Al
T o+ gt} (Goddijin and Pen 1995; Mason and Arntzen
1995).

H

5.2, SOD WaiBlE| T= 3 SEME

FhApa} wh kA oA 283 cytosolic CuZnSOD (mSODI)
(Lee et al. 1999)& 90| oA d&A7])7] Y3t 20]9]

AW EZFE|Q ascorbate oxidase promoter (ASOp)
(Yoshida et al. 1994)2 ©]&3}e] ASOp:mSOD1/pGPTV-Bar
FAAE WS ARSI 71334 A A Eef Ay ¢
3 Q0] AEd= A7He 93 FHHUT (Kim et al.
1998, 2000). 3f-FHitirtr] LolEAE Holr|Zl & o} 5
ddE FAEA APAHAANE FAAS ] ALL3H
ASOp::mSOD1/pGPTV-Barg 714 Agrobacteria’s A37EH
Aok FEuldstd HEHoR FAHIAE AT (Lee et
al. 2002).

HAHZ QoA EAe] YO FHE genomic DNAS i
&te] Southern £-412 A% éﬂr A 1 copyX, 17§21+
2copy’t EUEHAUESS ¢ 7 ATk oW AME-gH probes
FAHF mSODI ¢cDNA 9] 3'-UTR ¥-9] (5°] §32 #9)&
PCRZ 3§} (260 bp)ated ©]-&-3tSith SOD HA A5 Q0]
ER oA mSODI xR GuliolA] ZsiA gadstiod 9
AME Ao =R FAY FatA LdAT) o] A At
438 ASO ZZHE7F Q019 Huljolx 7FaiA wyspA %
(Yoshida et al. 1994) Slol| A= o oFslA WHslz ZER
Ele] EA| ¢]&t Aato]t} (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.



5.3. SOD & 20|

A AMZ Qo] Aufje] SOD vIFA X (units/mg protein) =
140~160 A= 2 v AXZ Qo]gdw) (60 units/protein)ol] H)
& ok 259 =kth (Figure 6) (Lee et al. 2002). @A g A&
Aol duflell A SOD E4% HF A Lo|gnjrr} 3
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