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SUMMARY

I. Subject

Develoment of vegetables to produce high yields of superoxide

dismutase in fruits

II. Objective and Significance

Oxygen is essential for the existence of aerobic organisms, including
plants, but toxic reactive oxygen species (ROS) such as superoxide
radicals ( +0:"), hydroxyl radicals ( +OH), and hydrogen peroxide (H,0;)
are generated in a number of different ways during normal metabolic
processes. In particular. ROS are overproduced in plant cells under
environmental stress, [njury caused by ROS is known as oxidative stress,
Oxidative stress is a major factor causing damage in plants exposed to
environmental stress,

Superoxide dismutase (SOD: superoxide: superoxide oxidoreductase,
EC1.15.1.1) constitutes the first line of cellular defense against
oxidative stress. SOD is a metalloprotein that catalyzes the dismutation
of superoxide radicals to hydrogen peroxide and oxygen. The enzyme is
ubiquitous in aerobic organisms where it plays a major role in defense
against ROS-mediated toxicity. Most plants contain a number of SOD
isozymes that are located in various cellular compartments. Three classes
of SOD have been identified based on the metals present at the active
site, These are copper/zinc (CuZnSOD), iron (FeSOD), and manganese

(MnSOD). CuZnSOD is generally found in the cytosol and the chloroplasts,

Mol 8J= g/ s8R

OB

NZ2ZEXH : Superoxide Dismutase 1 &S It



A aaney Z L]

MnSOD is located in mitochondria, and FeSOD is present within the
chloroplasts of some plants. CuZnSOD genes have been cloned and
characterized from over 20 plants, including maize, rice, sweet potato,
and red pepper. Comparison of SOD amino acid sequences has shown a great
degree of similarity among plant species,

In vitro growth of plant cells takes place under high oxidative
stress conditions. Thus, plant cell cultures are an excellent system for
production of antioxidants and study of the antioxidative wmechanism in
plant cells, The physiological roles of antioxidant enzymes, including
SOD, have not been greatly studied in plant cell cultures even though
cell cultures are important in the field of plant biotechnology. We
selected a cassava (Manihot esculenta) cell line for high yields of SOD

Transgenic plants overexpressing SOD have been developed to reduce the
oxidative damage in plants. [n addition, SOD may be very useful in the
field of medicinal, food and cosmetic industries. Development of the
fruits of cucumber and tomato producing high yields of SOD as a plant
bioreactor will be widely used. For this purpose, we focussed on an
establishment of plant regeneration system, cloning of SOD cDNA from
cassava cells, development of transgenic cucumber and tomato plants, and

SO 0on,

[I. Contents and Scope of Research

1. Establishment of plant regeneration system in cucumber
2. Isolation and characterization of SOD gene from cassava cells
3. Development of transgenic cucumbr plants producing high yield

of SOD

NEZEH : Superoxide Dismutase &S M FS E)|s g /| =8



4. Development of transgenic tomato plants overexpressing SOD

5. Acclimatization and field test of transgenic plants

IV. Results and Recommendation
1. Establishment of plant regeneration system in cucumber

1) Plant regeneration through organogenesis and somatic

embryogenesis of cucumber

Cucumber (Cucumis sativus L.) plants were regenerated through
organogenesis and somatic embryogenesis in cotyledon and hypocotyl
cultures. The shoots were efficiently formed on the basal region of
cotyledons cultured on AMS medium containing 1 mg/L zeatin and 0.1 mg/L
1AA in all cultivars used. Embryogenic calli were formed on hypocotyl
segments cultured on S medium containing 1 mg/L 2,4-D in cv. group
‘Nakhab“ and maintained by consecutive subculture on the same medium
every 2-3 weeks without loss of embryogenic ability. Upon transfer to MS
basal medium, high frequency somatic embryogenesis was achieved easily
from embryogenic callus., Regenerated plantlets through organogenesis and
somatic embryogenesis were transplanted to pots and gradually
acclimatized to greenhouse condition where they subsequently produced

fruits,

2) High frequency shoot induction and plant regeneration from

cotyledonary hypocotyl explants of cucumber

A method of high frequency shoot induction was established using

excised hypocotyl segments bearing cotyledons of cucumber seedlings,
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Adventitious shoots were obtained from the upper excised hypocotyls of
cucumber seedlings incubated on MS medjum containing 2 mg/L zeatin. The
effects of cotyledon size and hypocoty! length of seedlings on shoot
organogenesis were also examined. A higher frequency (80-90%) of
adventitious shoots was obtained from explants of 3- and 5-day-old
seedlings with either 1 cotyledon or 2 half-cotyledons, and a short
hypocotyl length (2 mm). However, explants with long hypocotyl explants
were removed and rooted in MS medium containing 1 mg/L 1AA. The rooted
plantlets developed into normal plants after acclimatization to ambient

humidity levels.

2. Molecular characterization and expression of a c¢DNA
encoding CuZnSOD from cultured cells of cassava (Manihot

esculenta Crantz)

1) Construction of a cDNA library and isclation of SOD ¢DNA

A cDNA library was constructed with poly(A)+ RNA from cultured
cassava (Manihot esculenta Crantz) cells using a Uni-ZAP XR cloning kit
(Stratagene) following the protocol supplied, The primers were prepared
based on the highly conserved region reported for SOD sequences from
other plant species, These primer were used for PCR amplification of SOD
cDNA. The c¢DNA encoding cytosolic copper/zinc superoxide dismutase
(CuZnSOD)Y mSOD!I was cloned and characterized from cell cultures of
cassava which produced a high yield of SOD, mSODI encoded 152 amino acid

polypeptides with a pl value of 5. 84.

2) Differential expression of mSODl gene
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Southern blot analysis using a mSODI specific probe indicated that a
single copy of the mSODI gene was present in the cassava genome. The
mSODI gene was highly expressed in cultured cells, as well as in intact
stems and tuberous roots, It was expressed at a low level in leaves and
petioles. Transcripts of mSODI were not detected in nontuberous roots,
During cell growth, transcription activity was at a high level during the
stationary growth stage and sharply decreased after further culturing.
The mSODI gene in excised cassava leaves responded to various stresses in
different ways. These stresses included temperature change and exposure
to stress inducing chemicals. Transcript levels of mSODlI increased
dramatically a few hours after heat stress at 37T and showed a
synergistic effect with wounding stress. Levels decreased in response to
chilling stress at 4°C and showed an antagonistic effect with wounding
stress. The gene was induced by ABA, ethephon, NaCl, sucrose, and methyl
viologen. These results indicate that the mSOD! gene is involved in the
antioxidative wmechanism in response to oxidative stress induced by

environmental change.

3. Development of transgenic cucumber producing high yields
of SOD

1) Establishment of genetic transformation system in cucumber

To establish the fruits of cucumber producing high yields of SO0D, the
MnSOD cDNA from pea under the control of the CaMV 35S promoter was
introduced into cucumber using Agrobacteium tumefaciens LBA4404-mediated

transformation. The kanamycin-resistant shoots were selected on the MS

O
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medium containing 1 mg/L zeatin, 0.1 mg/L I1AA, 300 mg/L claforan, and 100
mg/L kanamycin. After 6 weeks of cultures on the selection medium, the
shoots were transferred to MS medium containing 0.2 mg/L NAA to induce
roots. PCR analysis using the primers for nptll gene revealed that three
plantlets were transformed. The fruits of one transgenic plant had
approximately 3.2-fold higher SOD activity than those of non-transgenic
plants. MnSOD isocenzyme band was strongly detected on native gel in

fruits of transgenic plants.

2) Development of transgenic cucumber producing high yields of SOD

Transgenic plants overexpressing SOD have been developed to reduce the
oxidative damage in plants. In addition, SOD may be very useful in the
field of medicinal. food and cosmetic industries, In this report, to
develop the fruits of cucumber producing high yields of SOD as a plant
bioreactor, the SOD cDNA (mSOD1) was introduced into cucumber. For this
we designed a new vector system, pGPTV-Bar harboring ascorbate oxidase
promoter expressing dominantly in cucumber fruits, mSOD1 isolated from
cultured cells of cassava, and bar gene as a selectable marker. The
excised cotyledon segments of cucumber seedlings were cocultured with A.
tumefaciens carrying the vector. The Bastar-resistant shoots were
selected on the MS medium containing 2 mg/L BA, 300 mg/L claforan, and 2
mg/L. Bastar. After 6 weeks of cultures on the selection medium, the
shoots were transferred to MS medium containing 1 mg/L IAA, 300 mg/L
claforan, and 2 mg/L Bastar to induce roots, Southern blot analysis
confirmed that the mSODl gene was integrated in the nuclear genomes of

the cucumber. The mSODl gene is highly expressed in the transgenic
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cucumber fruits, lt is expressed at a low level in the transgenic leaves,
The fruits of transgenic plants had approximately 2.5-fold higher SOD
activity than those of non-transgenic plants. The cucumber fruits

overexpressing SOD will be useful for cosmetic and medicinal materials.

4. Development of transgenic tomato plants

To develop the fruits of tomato (Lycopersicon esculentum) producing
high yields of SOD as a plant bioreactor, the SOD cDNA was introduced
into tomato using Adgorbaterium-mediated transformation. For this we
designed a new vector system, ASOp + mSOD1/pBI10l, harboring ascorbate
oxidase (ASO) promoter expressing dominantly in cucumber fruits, SOD cDNA
isclated from cultured cells of cassava, and nptl// gene as a selectable
marker. The cotyledon segments of tomato seedlings were cocultivated with
A. tumefaciens carrying the vector. The kanamycin-resistant shoots were
selected on the MS medium containing 2 mg/L BA, 0.1 wmg/L IAA, 300 mg/L
claforan, and 100 mg/L kanamycin, After 6 weeks of cultures on the
selection medium, the shoots were transferred to MS medium containing 1
mg/L 1AA, 300 mg/L claforan and 200 mg/L kanamycin to induce roots, PCR
and Southern analysis confirmed that the mSOD! gene was incorporated into

the tomato genomic DNA of three regenerants.

5. Acclimatization and field test of transgenic fruit plants

Transgenic cucumber and tomato plants were grown in a green house and
investigated the acclimatization and field test, Transgenic plants showed

92%, and 100% of acclimatization in cucumber and tomato, respectively.
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Most transgenic cucumber plants were normally grown, a few plants showed
abnormality such as slow growth, very short node intervals, Fertile seeds
were harvested following cross-pollination in transgenic cucumber plants,

The phenotype, growth, and seeding of transgenic tomato plants was

similar to non-transgenic plants.

6. Application of the results

1) Transgenic cucumber (Korea and international patent filed) and tomato
fruits developed in this study could be used as new materials of food
and cosmetics with new functions of antiaging and so on. The
technology transfer to bioindustries including seed company is under

way,

2) Plant regeneration system via somatic embryogenesis and organogenesis
established in this study could be applied to mass production in
useful plants. Furthermore genetic transformation of useful plants

could be possible,

3) Gene and vector including SOD, ASO promoter, plant expression vector
developed in this study could be applied to development of
environmental stress-resistant transgenic plants and plant bioreactor

to produce i{mportant biomaterials,

4) Development of transgenic cucumber plants will be applied to cold

stress-tolerant cucumber.
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Superoxide dismutase (SOD)&= AtAE AH|dt= BE HEF(MNE F=.
0| HE S)of &3t 2H + 270, — H0p ¢+ 02 WSS FHufste] Aoy

g agie] thyh Wolahg-g st thEH Bits Az olrh. SOD

n:

2

rr

3he sty gl Z&e] £E8o ulel CuZnSOD, MaSOD, FeSODe] 3Fo] ¢lon,
F7 CuZnS0D= M ERA I} g2 A6, MnSODE= n|EZEg|olo]] 22|31 FeSODe

AlE2o] HAEAo &zi’icta BaEo] gt

MBS T e BES F3sie} 22 BETH AEHL ¥rt o}
L2} tioigt R BAAEGAE Wom, Aol AHY HWaedad At
2(02)7} superoxide radical( 0, ), hydroxyl radical ( OH) T2 #tg/do] &

& 54 WEMLFOR Wahsl Urh olES Zu UHUG D ol A
Eobgsl, wuU el DM 5 AAUeld A2Y el e 3
4

WA e AEE oA s, e 90w B4t dedoleta o

o} vlEIRIC T2 A&} gaatEAe] 9lon], 53] S0Dx ZAFIMS 27|
% superoxide radical ('0;)& 3|3l A4 E

sl 28L& B3] wjiel, BEFAZA BAL, FulEl2 Fof FR
3w oohuzt HPGAAR, WA FeiwA] S FE/dol A%} Sob o
orZ sjulo] Fubs) UE| T glr). EIF SODE= FufolME =3kx]e] F}s}
A= BFEFY FrHEZ AHEE gleh

X2 & : Superoxide Dismutase &8 WF2 &)= g/ s8R



2= X : Superoxide Dismutase &S UIMF2 &

drfele vl 2B ool AFSII Slo] Aol FH o BT

Zo| wol WAL 9low o5 FPNAFE HHs| AASA EstH HHY

w3 ddFole MAF B4 FasA J|dst=dl, =T HA 9

g Js) FEEE SOREEo] F438] BojArh ulebA R-=F

SODE HAFH Fo FHLS AAE VI HUFELE TltiEHol A&, #F
FoAA Aol s AR gled, oobE SoDe UL AA SDE

NAZS 432 3 SINNZFo] s SIS et J)&uy
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polyethylene glycerol, lecithin, liposom F2 ZAYAlA Aol +
AR MR olFE &ol3tA st dFE FHUL=E £ S
U AES tjateE sopy ofgxtdE A Ra¥ v} fich
of HFE S0D7} zpMoll ofs) £AH mRof cfs) 2RI AEe] dled
YYELE FAH S0/} D H-R¥EES AFSte] mjRelM UAEE BH4tL
& 5830 E AAY + AZo] ALy FEH o] i S, MnSOD7}
Watdo] =2H SEMES BIshs 3ol dFo] YHrh
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o Zastod 1990 HE R uE 2 qth ) nEEZEgjel F2Y MnSODE =
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293 Fite H22Eg 2o UAdE Uehlgnt, EOlE CuZnSODE A}l
EdAlAAM mteisto] o)zt AtstHQl AEHAS FAAIZCH

oA sope] spudme (F)Y717F Al CuZnSODE EERolM HABE
202 419934, 1300 Kg)dtel #pA] 4H|Y H=olw, off MERFH
SoD-34tzt SOD B A AH|AEA sfge] #E ol7b By b gich TH FYY
A 7pstel] mE Hehsd AP FEALL v 32T F7HAHA AY
o8 B dFox] EFEIE= SOD 13HF 0] “plant bioreactor”ZH AR
el Rl Bdatael AAY L3HAE F 212 JVeEe e FFME
2 Aoiatgst ek gl ARAEGAL} 1A o] Y [AE o

SO0 A AMEAE AU, HFE 5o &= o= ey BH2Eq

£of A EA7F & HgY B ol S0 AT 20l= ol uE HMAEE
grxlel A o2 7/tx o Edible vaccined] 712 Co% SODE FAZEFH 7o

o=, SDE TAANSE EFL AUt S0D 2TA AARE YE, o,

BE T &= JiUste AR FIIIAE golaAt )

2. BA - ALdH &H

J[N

SODE Aol M Bt B2 iy AAE RIste AEOR ¥y
FHZA BEE, Folelzol RaY # ohjet HAEY, sFGHUR, ad
¥ ool disidE 2 fr/do] o glol, ¢} = A A e

SODSJOFE S UFol vk A& FLolM, WyataAsialel ciate] =

Ll

L HPAARBRE o 29y, WHVPGRAHZBAE o susAE,
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= A7 198 o] o2 FAE L Qlrh

Zujol A siDE F2 ¥R wphux e Aue feda AANES HT
stz Ee] M2 1988 d E AMRED 9lom, FulAA2 of 109 o
Z 7w ol &St glon oM E gF JUFE, HFE T4 FEE
sopA|Eo] AUHA AFS if- F AL d&Hrh

2 o)A SOD Sz Bty o shi= 0] 5 Fa FAFY F,

ule gatdge ohg 2ot Zrh

M/T = 1,000ton

S Al A Ll =+°

Zuf A A A st Bk LT LR A At v | AR

(1 ha) | (M/T HE) (‘ha) | (WT HE) | (")
EOlE 978 70, 623 3,619 148.7 148, 000
2 ol 1,178 18, 326 8,710 303. 4 242,720
2 5 1,224 10, 630 88,871 176.3 528, 900
5 & 1,763 27,063 27,185 635. 4 826, 020
3 % 650 8,019 7,512 152. 4 30, 480
2 8 777 12,976 10,251 258.1 645, 250
o £ - . 359 8.5 1,700
7t A 554 8,682 = -
z 7] 75 2,305 7,425 151.3 302, 600
Al 7,199 158, 624 153,932 1,834.1 2,725,670

"FAO0 EAIXIF (1993)

"9 5

a2l &AL 8

T T

ZEAAE (1994)

Sfelal SOD T@E @ol7t AUHD A wEUAS} felais HAR 4
o AE, oolE BAE T2 CjUy §EET wgol sldEs, nF Kol
AE olol thyt 71277t sk ARHD o HE 2dsh & o fel

wabge] TAAWY L AL 4 gleget JlchdTh
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w4 FAMNYs wE Adsd ALY FIAALLS s 2 I}
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FUERE FAH S7t MFERIFS HFESH pRoly UAsEe ML
& a8 o® AAY £ UdFol FALGTF A o] E(Filipe et al.

1997)%) ol 0 MnSOD7} WhaAld ol =45 ZEMITE B 3F3l= 28] ol (Sun
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MNEEX:

M2 & 20 A=A MEsh AILE HE

AE A A

IxfFEe 90% o)l RoRAM, A ZEE AFY ¥#5 ohlet FIER
o HIEIRIRS] FQ% FFHULE o|§HI 3t 53| Ro](Cucumis sativus

)= AAF FolMs dezrl wol APHES T2 Hs Fe A4
o) #¥8& 23l /8% AeE HuE Adch

A Z74A] FA oIS A RAu[Y ATt wWol $£YHol shulH
(Rajasekaran et al., 1983), &(Chee and Tricoli, 1988), A}{3(Cade et al,
1987: Gambley and Dodd, 1990), 3}5-(Lazarte and Sasser, 1982), £33
(Jia et al., 1986; Colijin-Hooymans et al., 1988), ujulAAsy# A(Jeong et

al., 1999) S2o] wjoyo2HE A EAN 37l Ragn ol 2u} olgf

A do| vIeElWTHZiv and Gadasi, 1986:

Rl
o%
oL
PN
N
X
I
olft
52
flo
Fld

Kim et al., 1988: Gambley and Dodd, 1991).

Gt o2 FASAS wdANER ALY B¢ shlE L Ak HES A

&5te 97t @24, ol olF 23 MEJ RFHOEF ofejn, it
o] 7] uwlFo|c}(Rajasekaran et al., 1983: Cade et al., 1987: Kim et al.,

£

1988: Dong and Jia, 1991). <29](Cucumis sativus L.)E 33 »}
(Cucurbitaceac) MBS ALolE shil3 2 A4 HUEG Agstol FHo}g
FE8 337} "lo] o]2o]zl v} QltHGambley and Dodd, 1990: Dong and Jia,
1991: Gambley and Dodd, 1991: Colijn-Hooymans et al., 1994),

ey 2zt Alge shils o Al HHEE widd Ff Z2 2HoAM=E
£33 A7l whel ¥Aol SEgol VXA ThE(Dong and Jia, 1991:

Colijn-Hooymans et al., 1994), =x}¢3¢] 7]A|HoA FAol7} FEE uw] ¢o]

Superoxide Dismutase D&&® HIHF2 )= Ny / s&=F
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=]

qRHOR st 2dzael WY danslel Aael FAEL Bayel U

d

ElLts 271 it (Gambley and Dodd, 1991: Dong and Jia, 1991). whelA
BE EF0A AR el Uy 4 o= FHoLE f528 4 s A
H Z2awfoF o] Zirtx]oiof & Folch

AUME ofe] 20 FF& ez zAuige] ¥ AEA A3
thefl #AHe A7 Rart nnjgt Aol wetd z2ujfe] s FAH
A FEIE U= LolAHE &7 Iste] M zE3} whde]l a7Hch
53] & dFolAEs 20]9 T shiag 713 FAEANE wigtte a8z

—

EAolE shilE FUHOTHE SEa 4 ot AT WS AuUsty

o

ch.

A28 AAZILY D 1ol o7 AR 2t

e Aol o8 2ole] AlZAl )23}

Q0| FAH A FAH, Aacicty], wgcicly], 2AYY, FESLE F
2of 147 Zot Ax|Alzl ¥ 75% ofelgo] 187t EHAFI e 2%
sodium hypochlorite &odola 1587 2%} WA]Zl T HAd42 33 M35y
th "W AHeld Fxe AFzISHol HIIEA o2 MS (Murashige and
Skoog, 1962) wjz]ollA] wtopal At ZFx} WolzAL o 15 uM/m2 - s 3
WollM 16417, & 8AIZte] HF7], 25Tejgltt. ol 7dx]e] Ate] 714 F

of AEHEE Fusted FA4IH(5 x 5 mn)HE wegstdchHFig. 1), AdEH

-

"

Bioke  9]gr wix]2AE MSuA|oll 3% sucrose, 0.4% PhytagelS H7Hg!
cytokinin (zeatin, BA, kinetin)Z} 1AAE 2 Aelsled 4 73 w3 i
HAol(shoot) HRES ZFAP3IHTL

20l Aoz FHot FERL Mol U2} o] o sux F



o 7am)e] AR L AHE3IES w Bt fRE&o] worh Uol 7dmS
AA AN zeatinz} 1A THujxolA FAoL Fd&o| 11-22%2 K23
(Table 1). BA Mo HE ¥Fots HFEEHUXY o5 Aol & HA|
2 Aol wdstA] Zsieirt,

B0l GEi gAY Al J|HF AT o FojFom, T o]

B HE A SE5R] AgkEu(Fig. 1B) o2 Gambley2} Dodd (1990)¢]
T},
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Fig. 1. Plant regeneration by organogenesis from cotyledon cultures of
cucumber (Cucumis sativus L.). A: Cotyledons cultured on MS medium
containing 1 mg/L zeatin and 0.1 mg/L IAA. B: Shoots induced from
cotyledon explants. C: Plantlets with roots and shoots. D: Shoots showing
morphological abnormality. E: Regenerated plants growing in a green

house. Bars = 10 mm



Table 1., Effect of plant growth regulators on shoot formation from
cultured cotyledons of cucumber (Cucumis sativus L. c¢v, FEunsung

Bakdadagi) after 4 weeks of culture.

MS medium + (mg/L) Number of Number of
BA kinetin zeatin TAA cotyledons used shoots (%)
1.0 315 4(1.3)
1.0 0.1 720 32(4.4)
1.0 210 0(0)
1.0 0.1 345 7(2.0)
1.0 324 11(3.4)
1.0 0.1 379 46(12.1)
1.0 0.2 251 27(10.7)
3.0 0.2 227 13(5.7)

: Superoxide Dismutase L& S HHF2 =

g NAFdd FEH FHoLE 0.2 pg/l NAATE HIPH MSWiA =
£ fE3tach(Fig. 1C). A FFoES ME A FAlol ¢Asl
of E717} WEA o3 go] oy Yoz wHA &NEANR UL X
sttHFig. 1D). olg ¥ WAL FFolrt 21y 71 Fold HtH oz YA
o EodzAo] Eagal gob Bzte) Lol FUY FE2HE %FA U
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2 o sl 2R 2.3% FE Y2 NER YPA(=AUYY, Y
w3) BEolMY REEC ojeje] Hege] FHY AAZRY iy

ALzt e R AS72] B A5 Ao thE Zdo|th
s gAY A AchulgE 2-33 o AABEE o FE JY =FMoR
Wty o (Fig. 2B), ©]5L 2,4-DE HAL MSufA|o] FAFAS o) &F 1 &
Fe| AP AMEst fFEEACKFig. 20). FAHY AAMEZuEs ol
AYHAN AL wadslelond(Fig. 2D), A3t #elst AFshAA =gr2
26), AHow Y g ztzp Fealste] Msuix]elN 7]
A& 4 2lglthFig. 2F). AAZuj2iE U

-
BolZRE dojT AN EMe} A YPOT SRS

rte
(g4

Follo HUF Ff Q0] EF zE3 A|ARL dgrobacteria Y
particle bombardmentol] ©o]-&3te] e §&{AXE Hr}l B&FoE Y3}

of HAABME Lo ol8W 4 A Folth
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Fig. 2. Somatic embryogenesis from embryogenic callus of cucumber
(Cucumis sativus L.). A: Embryogenic callus (arrowheads) induced on MS
medium containing 1 mg/L 2,4-D. B: Embryogenic callus maintained on MS
medium containing 1 mg/L 2,4-D. C: Globular embryos developed on medium
without growth regulators. D: Various stage embryos developed from
globular embryos. E: Cotyledonary stage embryos developed through somatic

embryogenesis. F: Plantlets germinated from mature somatic embryos. Bar =

10 mm,
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Q0l(Cucumis sativus L.) FAE AAZRFAI ZEEA YE s
(Murashige and Skoog, 1962) vijz|oflA] wlolr]Zict, o} d4HE [JAEAH 2
shl &S At Ao A 2-3 mnd] A7|E Fxisto] shul&e] HuhHo| wixo)
SI=5 nfjdsiadct olet 22 W o® shuld Zol(AYgHEHFH 2. 3, 4, 6
oo) @} 2bd AZI(2 2. 1 2. 374, 1/2, 1/3, 1710 2718 F21g)oll o
FHol &S shE AxtHozRE Attt o/&2 1.0-2.0 me/l
zeatino] I-HH MS ¥ ul=|(0.4% phytagel, pH 5.8)o A < 15 wool

o’ s'o) Ay olzfol A W 16417, ¢ 8AIZHY] WFE)E 477 vjerstdcTh

19}

o1

iy

o8 ZZoJMN2 ¥Aol FE& ZAlE Petridish (87 x 15 mm) E 574
olxl, zhzte]l ZZAoA 200-30071¢] NEE Agste] 33 A stch
MEA 2 s AN 28 EYolE FUsH 1.0

(o]
s
mg/L 1AA7} LY MSalxlo] olAlso WIAA £AEME VEQUCH Yo

2-3% U £AEA(Z7] o 35 co)s WAGAE ol & oF 8% A=
o SEF fASEA S3AA AL ABAZ 719 HuE Sch
2. DUE RHol K=ol AL vlxE 24l
1) #AEA shijz duEosie 2o} A
2o FUEAY FIAS 2 m = W2 YUY F YHRIEBU] 3

7R obe wsuxjol wido] HHEE wigsilg o tiREel SABAY
shil % Femol s elst REHATHFIE 34). ol9) ol AAEA shil%
o weme sk shil&e WU Rold el YPsE A 28

F73 o2l o8 FHEIE Fmshke Aeg H oA gk I, 20]9

o] thFEo Hatd MEL AAdFHLEZ [AEA Y sh&e] ol FEelA
L opel2 E3ste F4el e Aeg AlgHch 2@y 2.0 mg/l zeatino]

H7HH Ms wfz]ol vl S w) shulS AxiwoziE fAHIOl RFEHA U

$golrt fESE o] BHHACKFig. 3). olRE Ao|EFIY 9%

kJ
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Fig. 3. Shoot induction and regeneration from the excised hypocoty! of
cucumber seedlings. A, Roots (arrows) induced from the excised
hypocotyl (2 mm in length) for 5 day-old seedlings cultured for 1 weeks
on MS medium without growth regulators, B, Shoot (arrows) induced from
the excised hypocotyl (4 mm in length) of 5 day-old seedlings cultured
for 4 weeks, C, Shoot (arrowheads) excised from the explants. D,
Plantlets with roots and leaves. E, Plants regenerated in a green

house, Bars = 10 mm,

2o o) wjokAlR R ZTEE Fyol HEIL dojuf FAH o] WA
e thal BAolrt SEHATID AAX AR, AYY o]f= ULE FHE
Hof & Zolrt,

2) shul& ActdogRE Yol FEA| ol Ao B

SAEA ) FA} ulo} Pl ME FAot KERES 2 flal shulE
g 2m AT Wz Fuhg FABA(Ye} T 3, 5, 7, 9UA)E wjsAct
sl 3l SAIEAE xS LAs) AAT 2 olgol xde) AW A9}

27 glo] shulE Axhdold EFolrt nrI=(o) 80-90%) 2 REHACHFig.
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4). ©]Z1& Colijin-Hooymans 5(1994)] 3z} % 5ax)e) =t HMG wfarst
92 ol ¥yotel REsb Fabvhe Abet ulgstddch. mebd ot 3-5Q )
FAEAE e 2 42A AL D Gt AR A=Y 1
3ot &
£gol 373 ZaEThFig 4). WA ¢ 719 A EE 122 AVE T
N e b RABAE Yol SUrIE MaY B FHot FESS B
23, ot 79 ol FRE Aol FEgo] WolHrh whetd RFABA sh
% ADHOERE WAL FHolE KEY] SlshaE ot 35U 2
o] AUH FHBAE AH8SHe o] AAY RoE Awdrh
W, colo] Al AU wjFHA G i FABA ol Yo} Ul
Aub #Aot fEgol Hrh 20E Wx] RAUCTHFig 4). EY, 2jedo] Vs
PO FABAY FASNZRY ST AUstd 1AM sty
& He Y27 REHD, FHoe A8 AEIA YATHAZ SlHA]).
b £ E=EolM AST RUBAY sl IUAS agEE J12e e

T ¥ 2 H]EE Yol RFEY £ & Rolrh. F3|, AgABS v
o]

= TAEe] glvh EY, 2o]F Y izt AZ2 Y FHE wigshd
ofg] 72| ¢lute] F-EF o] shoot apex7} 'Wedt=x] ¢, shoot apex7} Qo] =
dgol HH vt 4zt Bato] A UYL (Gambley and Dodd, 1990:
Dong and Jia, 1991: Colijn-Hooymans et al., 1994). T8 } -SAIEXN2] 3}uj
5 AN f=d FHoke vlE3 o Awtk 4zt Aol AL uEehtx

etotTh(Fig. 3C).
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Fig. 4. Rate of shoot induction from the excised hypocotyl (2 om in
length) in germination days of seedlings cultured on MS medium
containing 2.0 wmg/L zeatin. @ seedlings with 2 cotyledons. 1m:
seedlings with 1 cotyledon. B4: seedlings with 2 half-cotyledons. [J:
half-cotyledon.

3) shilE FxtdogRy FHol f=A| shulS ol 9%

SA BN s AThAoZNE RPol REA| shiHe] Holst FHeol
fEgo] G Fa| dopry] 93 shuiEe) PolE 2, 3, 4, 6 wE A
stod 2.0 mg/L zeatino] H7HEl MS ujalof wietstalrh. 2 A3} stui=e] Aol
7 a2 gl shils FohdolM FAote RFE&ol HUTHFig 5).
ol BhlZ2] RFFo| eSS FHo} ol ¥, BFF Hrhe A
& ‘iepdich

xpodo] 274 = FAEAS B shlEe dolst A4K $Ao FEEel
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dxslA AstE AR (Fig. 5), shl&e] Zolzt of 6 med F-fole FAot o
Al BT PR olet o) shuiFe] AW e FR=HEYS FH
ol Bsti, FAEAY HH shuFelrd FH o] HEHE A

zmoz Azsen, HA shei&stE MEZe FotEct FAT UWAdsol
B2 ZoZ gy, ® shhs shlFe] I wigAEe A TEZo] ol

o] Eo] zeating H7Islo{ T FAHolrt WAFetA] Qi B o] YT A

7hgich
=g, Ao AYE $Hol ol Jo| Yiul, RABAY shlze
Zol7t 2w Uul(gol 3R FABA)E FAY A, @ AL MY, 1722

Aok £ A g A RAEAY shls AN ¥Ry ¥ fE
&S RoARt skl Zo|st 3 m oY A Feole o} fE&o] F

M gzt 1718 REE 713 Zo] 1722 AdkH x1gdE& 274 712 R B} 3

Hol fFE&ol AA3IA ZA3IHTHFig. 5). Fig. 29} 304 & uf =jgdol
Noole B9 g Aot shufEe] Adolst Ao wl 2 SlREe] ¢ A ®
= e Refl vl £3ot fEgo] A Hoizlvh =g duts wigd

Bfolx= 2] Z|AHollA H LEFoM Aol RELo] HAFIA uhc
(Colijn-Hooymans et al., 1994). o]} & AzlE= zlge] $lFgo]| FHo}

FEol AR FHo] Y = dUtte A& AARITH
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Fig. 5, Effects of various hypocotyl length (2, 3, 4, and 6 mm in
length) in shoot induction from the excised hypocotyls of 5 day-old
seedlings cultured on MS medium containing 2.0 wmg/L zeatin, [ K
seedlings with 2 cotyledons, [I: seedlings with 1 cotyledon. &4:
seedlings with 2 half-cotyledons,

4) shuj & AtHo R RBAol REA 24 2719 4%

gt A oln] SAIEAY xty A7} stujE ATHOZHE FHot F%
ol 3ol gl UehiAT o TAHoR g AV)Y ¥ RS
ol BHIE(2 mm Z7))o] AHH RAEAY 1/} 2GS w2l AASE,
2o| AL 34, 1/2, 173, 1/10 BE 712 ZAehd F zeatino] 1.0 =
2.0 wg/L B7FE MS wiHlollq whakstalch 1 Azt 2k 27|17t HoldaF &

AZae) shZolA BPol fEgol okl AR RAthFig 6). T3

(]

L 8280] 1/2 A}Q =7 JujE 7| HOE zeatin®] ol H2(1.0 mg/l)

oA o o ulSR Uehdch 2ide) 717t 2obdaS(1/3 A I3l
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shoot?] FE&o] A3 ulola] a1 thil =M callus7t R3] F=5 ot
ol VA2 g A7 YR Zed ufx]e] 2.0 mg/L zeatino] 7]AEH
of Agtsta] ofx, W3t HESE e ZoE Alg¥ch weld & AEA
el 277 AEeE FHol fFESo] At AL AgY &7t FAot

FEol WarHoln, T Gy uAE 2o AT

FAEAe] shllS HudoA FEH HFolrHy glo] 1-2% AL g
2]5to] 0.3 mg/L NAA 7} E7 19 MS wjz|ollA 257 v ers}
A ezt 4A FEEckFig. 3D). F3dole] dgo] 2 ZjAlE 0.3 mg/L

NAASE 0.2 mg/L zeatino] 7] FIHH wfRlo] o]Alsle] WIA|F AAEANZ

o
e
fljo
8
L
1Tl
(o
2

s}

Sk

"ol 2-3% U2 AHEAE JAEHEY 3Eo] /A o 80%x FEY &
FABIHA SR F 2] Falste] SHY MEANZ JY S &
2THFig. 3E). o]} o] FAEAN shujFold REH FHotke AgEULE
sjerstals w Uehtbe Aulge zwst 3 oAy dvre] REEo] shoot
apex7t U] e Arelast @ANE WASHA ¢ 4 Atk maly |4
=22 shuiF At wfokste] FAHolE RESHE W2 20| ol A&
7} ofg2 v HAg ABelMz HEH £ Adx, HEAY HAHE BT
Agrobacteriumo] ZtdEo] o} FHAE =UAZL £ ot FHATHA {9

Al o1 8dH = & FAozg AgHc)

i
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Fig. 6. Effects of various cotyledon size (1,

3/4, 1/2, 1/10) on shoot

induction from the excised hypocotyls (2 mm in length) of 5 day-old

seedlings cultured on MS medium containing either 0.1 mg/L zeatin (O

or 2.0 mg/L zeatin ().
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H 3 & JIAH HIZMEZZEE SoD KM A}

A1 A A A

AN
°©

(lr

gl Hridt AEHAE WAET AU dHe dedad s
Ao 7308 BAAPAZE (reactive oxygen species, R0S)Ql superoxide anion
radical ( - 0.7), hydeoxyl radical ( - OH), and hydrogen peroxide (H:;0;) &
2 Ml oleidl RoSe| 2% ¥ AbdE AEdA2 oA gled o]:
BRLEH LY F o] Hrl

Superoxide dismutase (SOD: superoxide:superoxide oxidoreductase,
EC1.15.1. 1)=& AtA7} BdEo] A= -0, & A ASI H0.E A= A
(202 + 2H —H0p + 02) 2 A, AtAFE Av|stes BE BEFo &2t A
o A} ROSell 2%t ArEpAEd Ao thyt dxpFel Wojo] Hofste T H
dat4a #B|AoltH(Slater, 1984: Cohen, 1988). SOD= 3¥+-33}x1 Q= metal
cofactoro]l ufe} CuZnSOD, MnSOD, FeSOD2| 3Fo| Q1 Om CuZnSODE AMIER o
AFAofl, \nSODE m|EZEz|ofol, FeSOD= Sl E2Hgch. sopzt =
B4y 54S ol&st Rulela #EY AE § Z2F EHBAE AE AgA

E3ubz] 3latEe] 42 siuwE] 7 Qdth(Foyer and Mullineaux, 1994).

K
rlr

2 271x] 22|® S0D -8HMa= L44(Cannon and Scandalios, 1989), H
(Sakamoto et al,, 1992), ZFulLin et al., 1993), 33(Kim et al., 1997)
T 20 o F ol AEAMZHEY HuFEglon, AEN T olnial f=FoljA

w2 A AEFAstolA agE e ASlSHEE o 7 AR

A A B olUz} AEg e th % Aol F& MR W 4 Ack

Q f
APAEE ABUFAEFY ol HE o] §3to] TIEA YarTL BA

& wAstelen 7 Az} POD P4t MEF 2 aFukE AUste(Kin et al.,

1994) 4 %F2] POD cDNA(Huh et al., 1997: Kim et al., 2000)2} 1&&¢)
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genomic DNAS Eelstelon, FpAln} AT E SOD ZAAY MEFZ Ay

3tdTH You et al., 1996). uwtetd £ Arolds 2t2te] SOD iscenzym &2l
7N5S 22817 918ted FhAml vjMEZEHE SOD cONAE £asto] AtEtH
LB £of o3t WHEALS wAstairt.

Z 2 A FIAME uj M EZEEE SOD cDNA B U B4

1=y
o

FpApu} wjorA LR 2 He] cDNA library 24 2 SOD cDNA £l

Fhrhabufer A L2} Uni-ZAP vector (StaratageneA}) cDNA libraryZHE 2
el SOD cDNAE €71 ¢Ited 232l gstadct. Alchuled 20548l FhAabag el
MEZEE ATt nRNASE F8H 22 cDNAE §Ad3}o] Gigapack 111 packaging
extractZ o]&3lo] 4 N 10° pfu?] libraryE A 23lgion, o5& 2 N
10°/ml 2 FEAZQ oA Fhatu} w AR 2] cDNA libraryE H4314T

FhAtul wl A cDNA library screeningolle 7|&o] d&A Qs AHEFF
o] AEA S0D d7IMYPolA AHego] &2 FFolAM AZH  degenerated
primer (SODF1 : 5°-CTTGGNCTTCATGGNTTCCA-3°, SODRZ : 5’-CTNCCACCAGC
ATTTCCAGT- 37)& A}&3}oy 3tAdE 312 bpe] PCR AHE-& pBluescript vector?)
EcoR V $1x]of ligation3t F E colioll subcloningdtgth, o] %€ plasmid
DNAS 22)% t}2 Xba 13} Sal 1& A g)ste] & 0.5 kb?] insertE 7t A&
Hubstol @r7lMdS ARt A3} sopYo]l HlE o] Fhajupni oA} cDNA
library AF2]YE %8t probeZ o] &3ttt Fhahul ujerME SOD H-H =}
229g 1% cDNA library £32]W& 0.5 kb2] PCR 4HES “P- dCTPE E
zj}o] £=33&kitt. 4 X 10° phage plaques2X-¥ % xlalol 2 screening
Az} 500] 71e] single plaqued @o] 1F 10718 AWl J7j4dS A%
gt Az} g 7§l A Are] CuZnSOD cDNA (mSOD1 )& &&|3taict
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2. SOD cDNAS] &€71AM g £A

FIAIE} wlerM X E HE] Ea)3} cytosolic CuZnSOD cDNA (mSOD1 )< 801
bp& 15270128} olulx-2to 8 o]Fo}jzl ORF (open reading frame)& 71X,
poly(A) tailzt Z& A polyadenylation signalQl AATAAAS 7hx|aL glalor
190 bp upstreamo]l ¢]X]3}TH(Fig. 7). ol ofu]iit A7|ME S tfE HEA
9] CuzZnSODS] o}um]:=At A7|M @zt w]¥t A3} 574l (MVKAEAVL, PGLHGFHVH,
GDTTNGC, DDLGRGGHELS, TGNAGGR)®] @7]s o] A RZE|o] glolen 53| =
A Cu binding site® &% HGFHVHZ} &x]312icl,

ofg] AMEAQ] cytosolic CuZnSODE ofnlixit ~FollA visidE o w2
4544& Bt 1% Nicotiana plumbaginifolia (86.6%)2} 7} Eattl
(Fig. 8). ¥3} mSODloll= His-45, His-47, His-62, His-79, Asp-82, @
His-119 ¢l x]efl copper$} zinc ZUFHE deiz 271 & BEF o] AAdrh
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TCTCGATCTTCTCTGTCTAAGCTCTAAAGGGGTGCTCTGAGATCACGTAAAACAATGGTG 60
MoV
AAGGCTGAAGCTGTTCTTACCAGTAGTGAGGGGGT TAGCGGAACAATCTTCTTTACCCAA 120
K AE AV LTSSEGVSGT I FFTAQ
GAAGGAGATGGTCCTACCACTGTAACTGGAAACATTTCCGGCCTTAAGCCAGGGCTTCAT 180
EGDGPTTVIGNI SGLZKPGLH
GGGTTCCACGTCCATGCCCTTGGAGACACAACAAACGGTTGCATGTCAACTGGGCCACAC 240
GFHVHALGDTTNGCMSTS®GTPH
TTTAACCCTTCTGGCAAAGATCATGGTGCCCCTGAGGATGAGATTCGTCATGCTGGTGAT 300
FNPSGKDHGAPEDET!'!RHAGD
CTGGGAAATGTCACTGCTGGTGATGATGGCACTGCTAGTTTCACAATTATTGACAAGCAT 360
LGNV T AGDDGTASFTUV ! DKH
ATTCCTCTTTCTGGTCAAAATTCAATCATAGGAAGGGCAGTTGTTGTTCATGCAGATCCT 420
Il PLSGQNS ! I GRAVVVHADP
GATGATCTTGGCAGGGGAGGACATGAACTCAGTAAAACCACCGGAAATGCTGGTGGCAGA 480
DODLGRGGHELSKTTGNAG GG GHR
GTAGCATGCGGTATTATTGGTTTGCGAGGATAGAGTGCTTCTCCAGAGATCAATAACAAG 540
vV ACG ! I GLRG =
ACAAAGACAGCTGAAACATGCACAGCCGGACAACCTTTAGAAGAACGTTAGGAGACCATT 600
AACTCATTTGAATAAAAGAAAGAATAATACTGTAGTTTTGGCTGGTTTGGTCTTGTGATC 660
TCAAGATGGTGTATGCTTTGTATGGTTTCGTGAAGTTTATTGAACTTTGAACTTTTTCGA 720
ATGGTAGGGCTTGCTCTTTGTCTGGTCCAAATTCAGGCCGTGGATGTTTTATACTGCTTT 780
AAAAAAAAAAAAAAAAAAAAA 801

Fig. 7. Nucleotide and derived amino acid sequence of a CuZnSOD cDNA

mSOD1, isolated from cultured cells of cassava, The deduced amino acid
sequence is shown in the single-letter code below the nucleotide
sequence, Numbers on the right refer to nucleotides. The position of the
metal binding sites in the protein are indicated by bold letters. Bold
italics represent putative poly(A) signal sites. The asterisk denotes the

stop signal.
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Cyt Cassava ~MVKAEAVLTSSEG--VSGT1FFTQE-GDGPTTVTGNI SGLKPGLHGFHVHALGDTTNGC 56
Sweetpotato  -MVKAVAVLSSSEG--VSGTIFFSQE-GDGPTTVTGNVSGLKPGLHGFHVHALGDTTNGC 56
N, plumbagini -MVKAVAVLSSSEG- -VSGTIFFTQD-GDAPTTVTGNVSGLKPGLHGFRVHALGDTTNGC 56
Spinach 1 -MGKAVVVLSSSEG--VSGTVYFAQE -GDGPTTVTGNVSGLKPGLHGFHVHALGDI TNGC 56
Maize -MVKAVAVLAGTD- - -VKGTIFFSQE-GDGPTTVTGS1SGLKPGLHGFHVHALGDTTNGC 55
Pea ~-MVKAVAVLSNSNE - -VSGTINFSQE-GNGPTTVTGTLAGLKPGLHGFHIHALGDTTNGC 56
Red pepper ~-MVKAVAVLSSSEC--VSGT I LFSQD-GDAPTTVTGNVSGLKPGLHGFHVHALGDTTNGC 56
Rice -MVKAVAVLASSEG--VKGT 1 FFSQE-GDGPTSVTGSVSGLKPGLHGFHVHALGDTTNGC 56
Tomato -MVKAVAVLNSSEG- -VSGTYLFTQV-GVAPTTVNGNISGLKPGLHGFHVHALGDTTNGC 56
Arabidopsis  -MAKGVAVLNSSEG--VTGTIFFTQE-GDGVTTVSGTVSGLKPGLHGFHVHALGDTTNGC 56
Chl Pea AAKKAVAVLKGTSA--VEGVVTLTQD-DEGPTTVNVR I TGLTPGLHGFHLHEYGDTTINGC 57
Pine AAKKAVAVLKGDSQ--VEGVVTLSQE-DNGPTTVKVRLTGLTPGKHGFHLHEFGDTINGC 57
Rice ATKKAVAVLKGTSQ--VEGVVTLTQD-DQGPTTYNVRVTGLTPGLHGFHLHEFGDTTNGC 57
Tomato ATKKAVAVLKGNSN- -VEGVVTLSQD-DDGPTTVNVRITGLAPGLHGFHLHEYGDTTNGC 57
Petunia ATKKAVAVLKGTSN- -VEGVVTLTQD-DDGPTTVKVRI TGLAPGLHGFHLHEFGDTINGC 57
Spinach 11 ATKKAVAVLKGTSN--VEGVVTLTQE-DDGPTTVNVRISGLAPGKHGFHLHEFGDTINGC 57
Maize | -GLKGVAL IGGSANSTVAGVIHFFEDPSTRYTEVRGKVTGLTPGRHGFHIHVFGDTTNGC 59
% Wk n N Wl Mok deokaksk ok skdoslelk
Cyt Cassava MSTGPHFNPSGKDHGAPEDE 1 RHAGDLGNVTAGDDGTASFTI IDKHIPLSGONSI IGRAV 116
Sweetpotato MSTGPHFNPACKEHGAPGDDNRHAGDLGNITVGEDGTASFTITDKQIPLTGANSVIGRAV 116
N. plumbagini MSTGPHYNPAGKEHGAPEDEVRHAGDLGNI TVGEDGTASFTLTDKQIPLAGPQS1IGRAV 116
Spinach [ MSTGPHYNPNGKEHGAPEDDVRHAGILGNITVGDDGTATFTI I DSQIPLSGPNSIVGRAV 116
Maize MSTGPHFNPVGKEHGAPEDEDRHAGDLGNVTAGEDGVYNVNITDSQ 1 PLAGPHS] IGRAV 115
Pea [STGPHFhPNGKEHGAPEDETRH&GDLGNINVGDDGT\SFTITDNHIPLTGTNSIIGRAV 116
Red peppr MSTGPHYNPAGKEHGAPEDENRHAGILGN] TVGEDGTASFTITDEQIPLTGPQSIIGRGV 116
Rice MSTGPHENPTGKEHGAPQDENRHAGDLGNI TAGADGVANVNYSDSQIPLTGAHST IGRAV 116
Tomato MSTGPHYNPAGKEHGAPEDEVRHAGDLGNI TVGEDGTASFTITDKQIPLTGPQSIIGRAV 116
Arabidopsis MSTGPHFNPDGKTHGAPEDANRHAGDLGNITVGDDGTATFTITDCQIPLTGPNSIVGRAV 116
Chl Pea |STGPHFNPNKLTHGAPEDEIRH&GHLGNIVANAEGVAEATIVDNQIPLTGPNSVVGRAL 117
Pine MSTGSHFNPKKLTHGAPEDDVRHAGNLGNI VAGSDGVAEAT I VDNQIPLSGPDSVIGRAL 117
Rice [STGPHFNPNNLTHGAPEDEVRHAGINLGNI VANAEGVAEAT I VDKQ IPLSGPNSVVGRAF 117
Tomato MSTGAHFNPNKLTHGAPGDE I RHAGDLGN | VANADGVAEVTLVDNQIPLTGPNSVVGRAL 117
Petunia MSTGPHFNPNGLTHGAPGDEVRHAGNLGN] EANASGVAEATLVDNQIPLSGPNSVVGRAL 117
Spinach I1 MSTGPHFNPDKKTHGAPEDEVRHAGNLGNI VANTDGVAEATIVDNQIPLTGPNSVVGRAL 117
Maize 1 NSTGPHFNPHNKPHGAPFDDERHLGDLGNI VANEDGDAEVF I RDLQISLSGPHSILGR-A 118
sl N sk | desleslesk Wk ey sk % x e o I 0 N
Cyt Cassava VVHADPDDLGRGGHELSKTTGNAGGRVACGIIGLRG- 152
Sweet potato VVHGDPDDLGKGGHELSKSTGNAGGRVACGI IGLAQG- 152
N. plumbagini VVHADPDDLGKGGHELSKTTGNAGGRVACGI IGLQG- 152
Spinach [ VVHAEPDDLGRGGHELSKTTGNAGGRVACGI IGLQG- 152
Maize VVHADPDDLGKGGHELSKSTGNAGGRVACGI IGLQG- 151
Pea VVHADPDDLGKGGHELSKTTGNAGGRVACG] 1GLQG- 152
Red pepper VVHADPDDLGKGGHELTKTTGNAGGRVACG1 IGLQG- 152
Rice VVHADPDDLGKGGHELSKTTGNAGGRVACGI IGLQG- 152
Tomato VVHADPDDLGKGGHELSKSTGNAGGRIACGI IGLQG~ 152
Arabidopsis VVHADPDDLGKGGHELSLATGNAGGRVACGI IGLQG- 152
Chl Pea VVHELQDDLGKGGHELSLSTGNAGGRLACGVVGLTPY 154
Pine VVHELEDDLGKGGHELSLTTGNAGGRLACGVVGLTPI 154
Rice VVHELEDDLGKGGHELSLSTGNAGGRLACGVVGLTPL 154
Tomato VVHELEDDLGKGGHELSLTTGNAGGRLACGVVGLTPI 154
Petunia VVHELEDDLGKGGHELSLTTGNAGGRLACGVVGLTPI 154
Spinach 11 VVHELEDDLGKGGHELSPTTGNAGGRLACGVVGLTPV 154
Maize 1 VVHADPDDLGRGGHELSKSTGNAGARIGCGI [ -~ --- 150
ek RNOKR skalekalk sk % 34
Fig. 8. Alignment of an amino acid sequence deduced from a CuZnSOD
(mSOD1) nucleotide with sequences of homologous SODs. Amino acid
sequences of the cytosolic (Cyt) CuZnSODs from sweet potato, WV,
plumbagni folia, spinach 1, mwaize, pea, red pepper, rice, tomato,
Arabidopsis, and the chloroplastic (Chl) CuZnSODs of pea, pine, rice,
tomato, petunia, spinach II, and maize 1 were deduced from cDNA
sequences, Asterisks indicate 100% conservation, The seven positions of

the metal binding sites in the protein are shaded.
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3. nSOD12] Wy 9 =4y

(ERE
1) SOD cDNA®] Southern blot analysis

7Hbeh HEXe) ol Helyt @AM DNAE EcRI, Hindll, W Hindlll
2 APNELZ A3t T nSoD) cDNA®] 3'-untranslated region (230 bp)E
probe= Sto] EFAIZ A3} MET b2 A9 thy wicy) A= Ack(Fig.

9). olZM FhAbulel % CuZnSOD RFAP} T AW EAL U 4 Aok

VD .Qb\
o7 @
(kb)
23.1
9.4
6\5
4.3 —
2‘3 —
2.0 —
1.0 —
0.5 —

Fig. 9. Southern blot analysis of genomic DNA. Genomic DNA was

extracted from the leaves of cassava, digested with EcoRl, Hindll, and
HindI111, and hybridized with DNA fragment specific to Ca CuZnSOD (230
bp) as probe. Size markers are shown on the left.
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2) wSOD12] ZRAlHp wfoFAE 2 Al EAofAle] Wy

Fhatupuf oM 2ot Al EA) ofgj 2o nSoDl Rt wHPArE 7}
At wferMla, AEAY ol ¥, &7, He W ATelN zApsigch 7
ZZoZHE| RNAE £2)(Naqvi et al. 1998)%F % 0,67 M formaldehyded}ol A
1% agarose ZAZ H7|¥%5F tvld Zeta membranelE AHold}t}. Northern
blot Z£Mo] Alg& Hol¥ ¥ (probe)e wSOD1L] 3‘-uv]HdH9] (509-768
bp) & “PR Ex|slo] Aol ArgsIdT

mSOD12 WM Z(He2)olA 7hg AR wadsigdeon AEANY &
719F A2l ZstA dEsET Q2 Aol e oStAl wHsIRIg R
oflde WEEA] ofatthFig. 10). tHH ZolME tE 2] Al
(& 1 kb)ohs 2] o 0.8 kbe] 2h2 A718) 7o) W Y=ol o3t Az}

+ alternative splicing processo] 2|3 gt5o]zxl At2o|z} Az},

CL P SnRtR

Fig. 10. Expression levels of mSOD] in cultured cells and various tissues
of cassava. RNA was prepared from callus (C), leaf (L), petiole (P), stem
(S), nontuberous root (nR), and tuberous root (tR). Equal amounts (40 u
g) of eand sample were loaded in each lane, An mSODl-specific DNA
fragment was used as a probe, Ethidium bromide stained RNA served as a

loading control,
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7t ez Qe AR SAY wjPI AL Uehjolch Asa
RS Ay ¥ 10ds7tx B2 dehidon o]% gEAae] o4
A Bokshe thEAE AU 30Ymjo) MEAL] HhN S RAT) ol
% SOD ¥/ (units/g dry cell weight) tj4Zaly) o719 25URfof W
B4E Letdcizt 1 ol %RE 40U72] FASA E7181ckFig 114),

Mol ohE nSODIS) WH AL & SOD WA= HBBAS Qe w

Wde viebsich wled 27190 Achele 5% Sonlo] WA Qlom cha

SH7I7E AIRE = 10d70olle oSt WSttt Fx171QU 25-30Y Atojolle
FU LEE stadert o)F ujgol W mhel o) orsiH AL
(Fig. 11B).
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Fig. 11, Changes in SOD activity (A) and mSODI transcript accumulation
(B) during growth of cassava callus cultures. SOD activity was determined
by the McCord and Fridovich method (1969). RNA was extracted at 5, 10,
25, 30, and 40 days after subculture. Equal amounts (40 £g) of each
sample were loaded in each lane. An mSODI-specific DNA fragment was used
as a probe, Ethidium bromide stained RNA served as a loading control,
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4) 2% ~AE# A0l nSODIY W

S5 AEdZof oyt oSoDl FAxfY] wWH IS FaAbuE AEA dg of
Beg zatstolrh. AlEHY 2YZYoTRE Iz Qlg H2sle 2FEL)
2§2] 2 50 ml Falcon tubeo] & Zo}A 4T chilling A 2], 37C heat 2.
25C thZ2FL2 2, 5 10, 24Xt X 23t F pS0D1Y] wWHE ZA}sioit). olu)
I

Edl Lol cisf zt7] chE wHg-& vl drk(Fig. 12).

T AL glolMet B 7S A1RIIATE wSODIE chilling} heat A

SR = N = §

-

op

2h 5h 10h 24h

37 °C

Fig. 12. Changes in mSOD! transcript levels in response to heat stress
(A) and chilling stress (B) for excised leaves. Total RNA was extracted
from leaves at 0, 2, 5 10, and 24 h after stress treatment. ~-"
indicates that the samples were incubated at 25°C. Equal amounts (40 ug)
of each sample were loaded in each lane. An mSODI-specific DNA fragment
was used as a probe. Ethidium bromide stained RNA served as a loading

control .
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dAsHA KAzt 242 Mol e AL WFEA] Qfglrh wSODIZ A& (3
7C) AelE st wl 2279t 54 alol kAl wAsHACEZE 104 o)
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100 uM ethephon, 200 mM sucrose B Bojl 25ColAl 2447 FQF 2|3t
mSOD1S] W& zAlStTh BE AHe|PolAd B Aelpold ot w2 ¥dE
Bal=rf o]& sucrose Az|FolAM 7 o] FEXHUTHFig. 13). olzE A
2H= mSODl S AT AEHA B HYE Foll A 43t AEH 20 )
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Methyl viologend superoxide radical& o2 wAlstey AHZXAIE
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Fig. 13. Transcripts levels of mSODl in response to various chemical
stresses, The third leaf from the top was excised and treated for 24 h
with 100 mM NaCl, 100 M ABA, 100 M ethephon, and 200 mM sucrose.
Equal amounts (40 ug) of each sample were loaded in each lane. An
mSODI-specific DNA fragment was used as a probe., Ethidium bromide stained

RNA served as a loading control.
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1

Fig. 14. Northern blot hybridization of total RNAs isolated from methyl
viologen treated cassava leaves., Samples were taken at indicated hours
after treatment (HAT). Equal amounts (40 pg) of each sample were loaded
in each lane. An mSODI-specific DNA fragment was used as a probe.

Ethidium bromide stained RNA served as a loading control.
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M4 & sop nER HEME 0AISH N

Ad A Ad

SOD= 4t E 4¥|3he AlE, §&, e Tol &3ty Atagaprt B/l
(20, + 2¢° — 2-0,)%lo] A7) superoxide anion radical ( -+ 0, )& #A|A
sl FAo|tH(McCord and Fridovich, 1969). SOD 2}-&of 2]3f ¥ it}
44 (H;0;)= peroxidase (POD) Ei catalaseo] &3] S4lo] glv 58 HHH
T}, Superoxide anion radical 2} atdlgi= d &) slollA 713 Hi4do] &
£ ™AMAAZEQl  hydroxyl radical (+OH)E AAdstt}, ulsla] SO0D&=
superoxide anion radical?] A2} ¥ hydroxyl radical?] AAAHE owsl=
S 317 ol Aol Fo| Bt T YAtF A LI

olelgt EA¥H BHS AU SIDE BAAEW A ojsh AHIE LA

w
=)
o
rir
o
o2,
ol
2
tu
R
r )

& 2ol o] 8" 4 sl sbsdel AAHI Qe 5%
A, Folela, ol FE ¥ ohlel AP LAY, Ak Zagz] Fol
FEgol AR o] SOD THA 2JorE o] nlF, A2 A UFAbA H
W3] HUPEID gltH(Bannister et al., 1987). oju] IjolME Iz &
SOD P& 3pEo] ARtE D 9loL} SOD VARAIL oL VAL SODE FA4
o2 I HHEFL A EFAIEI AUA] 42 AFo|th gJotFozA S0D 7y
ol glo] EAAEE MRS olsa} AAUelMY BEE FAIAF= Jlo]
Aol F3 gle] Heks]Alof A= SODE polyethylene glycol, lecithin 2} 7

UAIA AR o]FE& BoldtA 3t Aol e sHAZ | FUHE
Axe] ANEHAAH d3p= F2 A 2A(nethyl viologen T), 2
E

gl2of cigt W71 siHt BRWEAEA el F

ot¥ e £ uwre oAyt WaE 7 glth(Allen, 1995 McKersie et al., 1993;

NHZ2 =X : Superoxide Dismutase D&R MIHFC EF)|le g/ sE



Perl et al., 1991: Sen Gupta et al., 1993; Van Camp et al,. 1994). 1&L}
vaccine RS HhRY Sof =¢lste] Hi= wiil(edible vaccine)3}t ol
SODE HE £ e AExF U= ASAANZ 7 (plant
bioreactor) A]AEIS 7hslnal A/ =¥ o= ¢vHGoddijin and Pen, 1995:
Mason and Arntzen, 1995),

Q0] (Cucumis sativus L, )= £z uzloa zjuizt glo] H&= AAZEER
NELZA HAFAT Bg % oflel 20l8 o8 RAAE B FUEY
Tl =WE W 2 AA, dZol oyt ZE3 wp, BE 5 oe

7b2 EHiso] 9lel Wol o] & glen, Il ALl HHE U

o] SODE u}Z=H SoD7} Mo Hy|GoR HFEHo] &AM R} HE(RT)

1]

¥

rlo

Hrls B a% Qth(Filipe et al., 1997). dut3 o8 wixzhEe] FAAH
foldtx] 92 Aoy RuET Qrh o] FAUAHLE FPHT F&T
QA2 £9% @ we] B3} QrHChee and Slightom 1991: Raharjo et
al.. 1996). 2olo] FAHAHL ulehr & d3e Lolof S0 FHAIE b
A A PR A g We EE AV AFE 5o ol8d + A

Ui 2ol & Wizt stalch

S0D

]

rlr

H2d ool WAAM ALY HY

1. Agrobacteriumol 23t 20]2] FAAR

ol 7edm]8] Qo] (ZAUR) AGAHAE 100 uM acetoxyringones 7}
3t Agrobacteria £olo] 108 Fob Hxx F £5& AASL 1 g/l
zeatinz} 0.1 mg/L 1AA7} L85 MSulx|(MDZI)o] &A 4¢ T FH5uidsta
T},

Solxtd A mAe] HUAH| AgEH plasmid Binl9 binary WEE T

(Pisun sativum)®] MnSOD cDNA2} kanamycin A 34 A AHneomycin

XNHEZ&H : Superoxide Dismutase &S WIFS &)= Y /| s&F



phosphotransferase, nptll)& cauliflower mosaic virus (CaMV) 355 promoter
of odA@=Elo] 4. tumefaciensol| S0l Lo (Fig. 15) Dr. Allen (Texas Tech
lniversity) & 2 E| EoF ure Zo|r}, Adgrobacterium®} 447t ZFulofst =}
AAHG MS MebufiolA] of 1597 w3l g o kanamycine A ¥AYE AW
shooto] F=EgdrhFig. 164). AGAMG 15 AR FU Adgujz|olA
Arhulorsto] SAARY shootd THA Aldstgdct Aunfa]olA 653t whes
stdg o) o 4%(2070A1)¢] shoote] AHeld FEEArE o ®lEE
Agrobacteriumoll ZHRAIF|RA] ¢} AgABW OB HE] shoot FE&(11-12%)3}
B3t of dAsA & NEdct Y 65 F kanamycin HPEE 713
shoot7h-g Awrsted wZulrio] &A PelE FEsIATHFig. 16B). &8 <7}
AE HEol &A €EAA vdstLdA ASAZE o,

=
FAAE AN AR HEAE FLHeE st en AE Hel

do
4

G

i

HindIll EcoR} Ncol Xbal lindIll

RB LB
Pnos | nptll Tnos E35S pro Mn SOD ¢DNA Tnos

SOD/pBin19

Fig. 15. A partial map of the plant expression vector, E35S
pro-S0D/pBIN19 harboring E35S promoter, MnSOD cDNA, and nptll gene, A Mn
SOD cDNA is mitochondrial Mn SOD isolated from pea, E35S pro: enhanced

CaMV 35S promoter: Tnos: nopaline synthase terminator sequence.
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Fig. 16. Plant regeneration by organogenesis from cotyledon cultures of
cucumber (Cucumis sativus L.) co-cultured with Agrobacterium. A, Shoots
induced from cotyledons on selection medium. B, Kanamycin
resistant-plantlets growing on the selection medium. C, Transformed

plants developing in the green house, Bars indicate 10 mn.

2. S0D f=te) Hel W ud

SOD FAzFe] A EA RS =UHQZ kanamycin Awixjofl A M UH A4
22a) 9le] genomic DNAUjOJA] NPTII §&x}e] Zxj3E PCRE FA3tgcl.
Kanamycinol| A} A A2EA] ¢zoeRE AMA DME Leld ¥
nptll {A=xte] EHol-primerE& AbR3sle] PCRE +331cTl. Sense primer
(5" -GAGGCTATTCGGCTATGACTG-3" )2} antisense primer (5'-ATGGGGAGCGGCGATACCGT
A-3)F o] &3t} 94ToA 58 Fot HAAFT, 94Tl 13 WA, 65C
o] 187} annealing, 72TCollA 18 %2t extention A|F]& AR 303 ¢

atEste] DNA ¥ S Z2EAZch Fig, 172 Aw® AAEAHF 97iAe] PCR

OB

Il Heg /=88



ENAIE VP ReZ 37041(No. 1, 2, 3)ol]A PCRAFEZ 0.7 kbe] DNA
band7} #{EE[2dTl o]FL kanamycin AdHujRloA QEEFH LAZHN 2
Foj AgEAY nptll FHAZE A EA) g% DNMZ AEUS o £

2t

32

MPC 32 NNNNN 1IN

Fig. 17. Conformation of regenerated plants by PCR using NPTII gene
primers and genomic DNAs from transformed and non-transformed control
plantlets. Lane M: marker DNAs. Lane P: pBinl9 vector plasmid DNA as
positive control. Lane C: non-transformed control plant DNA, Lanes 1-3:
Transformed plant DNA showed PCR positive response. Lane N: PCR

negative plantlets.

PCR Ao AHgY RE £4EAE HYsRreld £3AD T A4Y
¥ ABAS 3ol RHFo) Y S0D WHES FFstAch ol A s

L4

¥/d2 xanthine oxidase (XOD)2} cytochrome c& ©]83%} McCord®} Fridovich

et

(1969)2) ol ul2} xanthine, xanthine oxidase (XOD)$} cytochrome c& ©)
|3l EH3ATE AAEZHFL 93 ¥FS (10 oM xanthine 2.5 oL, 10 mM

cytochrome ¢ 0.5 ml,, 0,1 wM EDTAE I 0.05 M QI AQF=o¥(pH 7.8) 47 mL
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Az EX

me.

o] EYA]L o ZAste] Ag3tdct BEGF cytochrome cd =&
A3IA R[5l 2i3lo] Bl WG HIE ¥ sodium dithionite@ nj3 R A3}
th A}y wbgol | L3} FAM(I0 plL AF)S FHlo) Y2 F 10 M EDTAE
ZEEE 0,05 M QIARES M (pH 7.8) 22 25u] A \OD 10 L& HIlstd &
4ube8 Alzbsteict, A4gAgded 1 ©9(unit)s 25TColM 27 g5t
550 nmoll X FHEHIE ZAISte] NOD &Agdo] 50% AAH e Fostalrh
3 73} PCROIAM Adutgg uehd FAARANE FZE= 7l 8|3
SODe] #teko| Agrobacteriumol] ZHHAIFIA] ¢4 |EBAIZ AH(CHRIAE
Aol vlsf &oith(Fig. 18). 53] FAZR 7AAF 170(No. 1)
of mlsf < 3.2uf¢] SOD VAL UEehdsich SoDe} WS FarsE
peroxidase (POD)2] 7Z-¢& FAABA e} cfZFAEA BF v B8E& U

ERiTh

rlr
2us
[
¥
B 0o
2

HYMYP 2ol dufe] SOD iscenzyme TI® (B/J)& native gel WM
o7  zZx5lgth(Fig. 19). SOD native gel #7]9¥%EL Beauchamp2t
Fridovich(1971)¢] %S ozt wigsted drlsialch o 2 g2 drixzts
0.05 M Qlat $¥&el (pH 7.0) 0.5 oL} A 2919 =ipabidol A ot
% 14,000 rpnE 1027 WA Zzsld g2 AFdE Aoz Agstal
T} ek MY ere Bradford (1976, BioRadA})2] o mie}l FA3tsdch =
F A thilAlewyl Bdaro] FHEHE ZH3le 9.8% polyacrylamide gel
o 80 V2 5A17F MIHAATH SODY AEL geld AMY(50 mM KHPOs, 0.1
mM EDTA, 0.2% TEMED, 0.026 oM riboflavin, 0.25 nM nitro blue

tetrazoliun®] Tgel)o| 3087 Y PAelolM UL} ¥ Ng ZAled

z

A 1022 REgAI et

o Azt dAagAe] A ZFHEA uls] YUY MnSOD
isoenzyme WS Utellel $HF MnSOD R-AAP7F 2o)zpale] BHSA LR
Holeg WesheirhFig. 19). 20 2pde] sob BAE(eF 74 units/ug
protein) 2 AlZujdMEe] Mt uj¢ W& Ao ekt FAAY
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Fig. 18 SOD and POD activities

non-transformed control plants regenerated from cotyledon cultures,
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4-9, PCR negative-responsed plants,
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Fig. 19. Native gel stained for the SOD activity from the fruits of
transformed and non-transformed cucumber plants, Equal amount of total
protein (40 ug) was loaded to each lane, Lane C, non-transformed

plant, Lanes 1-3, transformed plants,

Al 3 d S0D 3 FALTH 2o0HEA 7Y

2HAl2-MUE ASO promoterE ©]8-% SOD FA AR ez 2}

FhAba} vk oA Eajyt cytosolic CuZnSOD, & mSOD1-S o] HAalo)A
$AReR wAAFIZ] $3 FAAEE HHE A7 Slste dA dE
NAISTOA] Borte 9ojeo] Al 2 M'W& promotergl ascorbate oxidase {(ASO)

¢] promoter(Yoshida et al., 1994)& HimdII118} EcoRl1®] AHTHAAMEE 714]

by

9= primerE ©|€3}] PCRE FFHA F, o] PR 4H& (o} 1.1 kb)&
Hindl1118} EcoR1 2.5 Atisle] pBluescript KS M| o] HindlII1-EcoR12] #]X]e
At 5}l THASOp/pBluescript). L ThZoll Pstl2} Bamle] ABHAMEE 7}
2 primer 288 A3 nSODI PCR AHE-S pBluescript KS HE]e] Pstl-BamHl
o] Atolofl AbQlA] ZATH(ASOp+mSOD1/ pBluescript). ASOp+mSOD1-S AlEHAAH
2wl pBLIOlol £¢l35}7] ¢|3te] o]& plasmid INAE Hindl[12} BasHl S22

AT o} Bamdl 2}2]E blunt end¥ 5Tt Hindll11-Bamtl fragment&
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binary EIQ] pBI101o] AHQlA|7]7] $lste] ™M= pBI101E Hindl[[2} Saclo®
A2 F Sacl Q) E blunt end® YHE I I Alololl  Hindlll-BamHl fragmentE
AbQl Al ZAT} (ASOp+mSOD1/pBI101). BRIt O & ASOp+mSOD1/pBI1012} AU EAIQ
2}2 nptllofA] barZ d¥35}7] $I5to] binary WEQl pGPTV-BarE A&
T} )] ASOp+mSOD1/pBI101E Hindl11E ARSI FcRleZ FEATY
(partial digestion)d}ed @& ¢ 2 kb THH-& pGPTV-Bar®] Hindl1I/EcoRl 2|
X0 ArQ)dloy ¥E] ASOp+mSOD1/pGPTV-Bar (Fig. 20)& 843ttt o] A=z
DNAZ 3% An (1987)9] WHH OB Agrobacterium tumefaciens LBA4404E =

PAIAMN QolAEAS] FAAHA o] 83T

JEEY

4
@ ony

"l't.‘?:‘

‘ ==*E%m£st|
Lo -

Kan'

Fig. 20. Cucumber transformation vector, A binary vector
pGPTV-Bar harboring ascorbate oxidase (AS0) promoter, cassava

mSOD1, and bar gene as a selectable marker,
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2. SOD FAAH 0] 7w W £

1) AR 0] g4 s

ok

siZuiticly] £2}E 1% sodium hypochloride €-log FHAMF 3§ ¥
F2AAZE AIIEA] 42 MS v A ol el 5 H [ EA Y
2GF U E FA Yol AHg3}HTh

ASOp+mSOD1/pGPTV-Bar& 7}3 AgrobacteriaZ® ABulZ] (3 g/L KHPOsoll, 4
g/L NaH,PQy;, 4 g/L NHCl, 600 mg/L KCl, 1.2 g/L MgS0O4, 7H,0, 50 mg/L
CaClq. 2H:0, 10 mg/L FeSO4. 7H:0, 5 g/L glucose)olA 3UZol ujotsle] @2
pellet& AAM (MS salt + 20 mg/L acetosyringone, pH 5.2)ufx]el] EIX]FH A
AEAE(SHfSETE, AGAEA) Y 30F F= FFAY v 2Z+ASB vjA|
(MS salt + 2 mg/L zeatin, 10 g/L glucose, 100 @M acetosyringon, 1 mM
betain, pH 5.2)eflA 34 ¢t FFufrstelct. FHufe F 2elelolE AlA
3t Tth& 2 mg/L zeatini} 2 mg/L Basta, 300 mg/L claforano] A 7}H MS ujx]
of| A ujorsieict wjer 3-43Fol Basta-AH3EE A4 shooto] FEELH F
S ¥ shootE 1 mg/L [AA, 2 mg/L Basta, 300 mg/L claforano] E7}H MS ujx]
ol BelE FEsln £HAFE A F 24ddA A5 JAE UHAA

23 dufE dYciFig. 21).
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Fig. 21. Plants regeneration through shoot induction from cotyledon
explants of cucumber (Cucumis sativus L.) seedlings co-cultured with
Agrobactera. A, Acclimatized plantlets with roots and leaves, B, Plants
regenerated in a green house. C, Regenerated plants with flowers and

fruits in the green house,

2) FAAY Qo] My

HFAoz o7t FEEol ZluelA eta ole HEAY de] 3-47)
2las of de2RE g DANE £2|¥ thE bar §3 2} Ho| primerd Al
2310} PCRE 433312t} PCRE annealingS 57°CollA 18 Qb AlA|31 .o
bar 52 =}&] 5'-GGTCTGCACCATCGTCAACC-3’ (sense)@} 5’ -TCAGATCTCGGTGACGGGCA
-3'(antisense)& primer2 o]-&3taitt, T ZA3} Bastao] wjz|oja Huld x|
T8 AEA 60571 0.5 kbe] M=F IPgtATHAZ nlAlA]). PCR A2t o

S Vel AE3 AAER ohvel StEE UEhd JiAE fIEII
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FEEEEE7IEd) o ulE T A} £3E AH Mol MAHE
Ao A zufstH A 4 2A @ 2AHS shalch
ZIvjellA PCR g REgE& UEeld AAEA7 2N X3S AA
BT AEAE Gt Zo] ma dolE P& 4 A& Al7lel 23 PCRE
85toict, ASO ZE2ERE W pS0Dl FHZ} 5ol primerE AlE¥ Az} i
w AlZAle= PR SuHES  HAcH A} njAA]).  oSODIE] ¢
5’ -GATAGAGTGCTTCTCCAGAGATC-3 " (sense) 2} 5 ‘-GCGCGGATCCAACATCCACGGCCTG-3’
(antisense)&, AS0O X ERE| primeri= 5 -GCGCAATCTTCTAAATATTCTCTTTTAATT
TG-3'(sense) 2} 5'-GCGCGAATTCTTCGAAGGGTTGAG-3'(antisense)& primerE A}
&stadch o7l AL e HEAY PR Azrt A58 AN A ot
T o)ft 7ol Atehks HEMNY F-$ Agrobacteria 2GOIAY & &
ZA o228y B5H shooto] chimeraql ©]-F2 PCRA] d#Ags= A7}
dojzj= ZFeel dzd
promoter -2|2] Eo] primerZ o]R3}d PCRE 4313t A 47140l A 0.26

b 8l 11 kb W= 2tz YAHATHFiE 22). PRE BAABO] HAH

e
ins

443 Qo|AlEAZ2E wSODI cDNA % iSO

f

hA (108, 28, 48, 59)e EROIA WY A 2-1, 21, 15, 2L
2 T/} AN ABAclRes ¢oz oF NEAS T, T2, B A T
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~ FcoR1

—1 EcoRl

—= Hind!11

—:—lml SOD

ASO promoter Pn os] bar | ;b\g‘fl"‘_l

0.3kb

Fig. 22. Detection of mSOD (a) and ASO promoter (b) genes in
transgenic cucumber plants by PCR. M: 1 kb ladder. 1-6:
Basta-resistant regenerants genomic DNA, P: pGPTV-Bar plasmid DNA as
a positive control, n: no DNA as a template. The 0.26 kb and 1.1 kb
fragments were synthesised by PCR using gene specific prinmers,
respectively, A, Partial map of ASOp+mSOD1/pGPTV-Bar vector. B, PCR
products of transgenic cucumber plants. Bars indicate the position of

primer for PCR,

3) PAAH Q0]AEH 2] Southern £A]

Basta T-fufz|of Awtxjo] PCRE FRlo] H Lo]AEA] 47/HE e
SouthernitA & AAlstatt MM AEFU QoA EAL] Yo FXE
genomic DNAS 22|38} t}& FcoRl W Hindl11E Awsle] 0.8% agarose gelo
Z7]9%55}31 Zeta Probe membrane(Bio-Rad A|E)e 2 Holdlgdct =¢ 73

2}l FEAhdE mSOD1 cDNA2] 3°-UTR ¥-9] (Zo] {Ax} H9])E PCRE M4 (260
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bp)sted probe® o]-§3tgith. 60ColA 2441t S hybridizationdt ThHE
mepbraned A|A 3} N-ray WEo]| =&3t WEE elstydch. I A 374

A & copyd, 3 MEME 2 copy?t =UHASE & 4 AAUTHFig. 23).

A :
b W <
-DLPnDsI bar |pAg7 ASO promoter | mSODJ lTnos
L L R
B 1 2 3 4 C
EHEHEHEHEH
(kb)
23.0 - B
94- = 4
6.6 -
4.0 -
g
3.0 -
2.0 -

o-= = @ .

Fig. 23. Southern analysis of genomic DNA prepared from cucumber
leaves, Equal amounts (50 ug) of genomic DNA were digested with
the restriction enzymes, electrophoresed in 0.8% agarose gel. The
blot was hybridized with the 230 bp fragment of mSODl cDNA as a
specific probe, The positions of molecular weight markers are
shown on the left, 1-4: PCR-positive regenerants, C:
non-~transformed plant. E: EcoRI, H: HindIII,

NHEZ=H : Superoxide Dismutase D88 HF2 &)l e/ s L



AEEX

4) FAAZ Q0|9 northerntAd

PCR % Southern 410 g SOD FAABA 7 HUH 4 71 2EH 2 cf
23 AEAY duiyt IS st AAHALZ deAM RAE Eelsty] Azt
2] -70°Coll Rttt FAAH T4 A EAY F¢ dul ARE Y @A
AE AEE A8Y HE AT elo] EastA| oba] AHFolA H L F At
Total RNAL: LiClE o]&3}o] £2|3tgom 50 xg RNAS 5.1% formaldehyde7}
379 agarose gelolA] HA7]4 53 th&ol Zeta GT membrane (BioRad)2Z &
Zith, 233} wrgol AR prober Southern £ |9} & Z1 0 Z Ramdom
Primed DNA labeling Kit (Boehringer Mannhein)& o] &3t o-P2 23}
om 60TCollM 24413 St vk A AL

SOD FAAH QoA EAof|A mSODI FFAH= dufellA Z3tA ddsiA e
L ol A WEER] AL ostA wHsIATHFig. 24). oA AR

gt ASO TR RE 7} 20]2] dn) F& Z7]o +51A vrd $FR| 2 Yoshida et

A 7
al. 1994) Yol ofF s wadske 5XE AT ol YAAW o
ole] % AgY ZEEEy} Al YHEHUSE VAT Ane} ¥ £ Ack

A B

TT T2 T3 T4 C1 C2 T1 T2 T3 C1 C2

Fig. 24. Expression levels of mSODl in transgenic cucumber plants, Total
RNA was extracted from fruits (A) and leaves (B) in cucumber plants,
Equal amounts (50 ug) of each sample were loaded in each lane, An
mSCD1-specific DNA fragment(230 bp) was used as a probe. Ethidium
bromide-stained RNA served as a loading control. TI1-T4: transgenic

plants, C1-C2: non-transgenic plants,

: Superoxide Dismutase 188 HIUFS SE)|s WY/ sER



5) BAAH Qo0]of SOD B &4

ik Azp FAAH] HdH 20| (3% rictr])e HdulE 0.05 M
AAEZA(pH 7.0) 2 U7 AMHALE o] & 3le] xpapdola] upfigh ¥ 4
a3t ol AEAg RAANMOT o]RFlPT}H SOD AL xanthine oxidase
(XOD)&} cytochrome c& ©o]-€%F McCord®} Fridovich (1969) whHol ule} &3
stadct. BAYE FFS 918 ¥ d(cytochrome ¢ X§) & AYA] 220} =
Astglom Hbgol 1 mlat T4 10 plE Aol Y2 F ALNE FFS
T+t TAEAd) 1vhel(unit)= 25TColA S Alzslod 287 550
nooll A FHE HEE ZAPslo] X0D Higo] 505 AAH Zos Hestacl,

BAAZ Qo] el SOD HIYAHE(unit/mg protein)= 140-160 FEE
v AN Qo]Wn)(60 units/protein)?] Zoll u|s] < 2 5u) &ITHFig.
25A). PAAR AEA9 duioa HA S0 BE T H|FUAH Qojduct
3ull ol &A ULlelRCE S|t 9le] SOD ¥ FARH] HAGol U
A |25 2ch(Fig. 25B). Northern Aol X} ulx7ix[Z2 T4 X EAM 7

ARE YT el o] gloia Aol A= glct.

SOD aclivity
{units/mg protein)

T T2 T3 T4 C1 C2 Q)

Fig. 25. SOD specific activity (units/mg protein) in fruits (A) and
leaves (B) of transgenic and non-transgenic cucumber plants, T1-T4:

Transgenic cucumber plants, C1-C3: Non-transgenic cucumber plants,
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HAAZ Qol2] nfe] SOD isoenzyme FHE (FA)S native gel WHo
2 ZA}SFgch SOD native gel A7]9 %2 Beauchamp?} Fridovich(1971)2] &
Mg 4 Hyste] dAlstach & 2 g dulRZEE 0.05 M U4t BEY (pH
7.0) 0.5 oL} A A&918] HARAPLoA kRt F 14,000 rpn2 1027

HiLelsle @2 AedE Rzdow 3ot AL Bradford

—_—
dg

(1976)¢) wHol ulel &3 stedch(BioRad). RAAYL] thi A7} F¢ ko]
S E ZA3%lo] 9 8% polyacrylamide gelo] 80 VE 5A]7F AJjA| ). SODL
&2 gelS EMY(50 oM KHPO,, 0.1 oM EDTA, 0.2% TEMED, 0.026 mM
riboflavin, 0.25 mM nitro blue tetrazolium® E3e¥)o) 3027 Y3 otAtel
ol 3t F WG zASIEA 1027 3h-&A|Zich vja T2 o] &% FiAju]
Ao HS 17)2] MnSOD, 270¢] FeSOD, 37]1¢] CuZnSOD, RS 67h2] SOD
isoenzymeo] WHE L iR Qo] FHPole 171 MnSOD2L 374
CuZnSOD isoenzymeo| FAE QA OL} FeSOD= &asHx] ¢ioict HFAAH 209
el Z¢ FAARAINA AL iR oldufo s FHEA] S M=
o] WHAE = %t 719 CuZnSOD iscenzyme SHEQ} thRlef ¢l 270%] CuZnSOD,
E5F 7708 S0D isoenzymeo] Ex|StITHFig. 26A). olefto] =Rt FHzal
oj2fo] chRFo= E231A] ¢ T} SOD isoenzymeo] 72 Ezfsh= olf
+ SOD7} dimer® &x)8lo] NE WHRE Azjet YT ol A= A
T FAABAEA A LAE = @doltHAllend] ot ZAx}), e
L} 9)2] SOD isoenzyme2 Aufe] ZA-¢-2}= t}E SOD isoenzyme IfEl o & 1748}
MnSOD2} 4702] CuZnSOD7} £x]3lgi o EQlA]7] SOD MEE ey 4 ¢t
(Fig. 26B). o|R& 4 7% =LFARLY o] ofF ofstr] wjiol A

st7] WE Babe} Az}
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MnSOD

CuZnSOD
CuZnSOD
FeSOD —" '-.' CuZnSOD
CuZnSOD -~ ~— CuZnS0OD
N CuZnSOD
AN by CuZnSOD
B Ca T1 T2 T3 C1 C2
MnSOD
MnSOD —
FeSOD — R CuZnSOD
CuZnSOD CuZnSOD
CuZnSOD
FeSOD — 2
CuZnSOD
CuZnSOD
CuZnSOD —

Fig. 26. Native gel assay of SOD activity in fruits (A) and leaves
(B) of transgenic and non-transgenic cucumber plants. Introduced
(CuZnSOD, bold letter) and endogenous SODs are indicated. SODs on the
left refer to cassava callus. SODs on the right refer to cucumber,
Ca: Cassava callus, T1-T4: Transgenic cucumber plants. Cl1-C3:

Non-transgenic cucumber plants,



EntEe] AEA fE3E AEaEy Hohe Jjabdde] oty ¢ §ol
3t 2oz oA gtk Shoot 7|WEZ: FTHEHZRA, A4, &7, 4%,
ol o 3 o X SofA] o|FoJFH oL} (Young et al,, 1987: Branca et
al., 1990: Compton and Veilleux 1991: Philip et al., 1996), ®ldHof A AM|XE
g st & WA 2HE o] Fojzt} (Philip et al,, 1996).

SOD |AAAE EYAZ FAFH AEAY NP2 FE2 AHZA(methyl
viologen ), &, AL 5 IBAAEH A gt G717 sz BHHEUWA
AEA spdel FAAELE T WL 3yt R rHAllen, 1995
McKersie et al., 1993; Perl et al., 1991: Sen Gupta aet al., 1993: Van
Camp et a., 1996). &L} vaccine f+3AHE whthitsel =4ste] He W4l
(edible vaccine)Z} Zo] SODE HE + Ut A2 Fol| HZUPS= HEA
A Ht-2-7)(plant bioreactor) A|A®lS sPUstaat A =¥ o= ¢itHGoddijin
and Pen, 1995; Dixon and Arntzen, 1997; Mason and Arntzen, 1995),

apzhy £ A3 0] olefe HulE A= ENEE MRE o] A
oA SODE U ste FAAR AZFHE Misted FHe= Wil vhhAg

A7 SIDE AAY 4 e AV E AW EnkEE Austaxt sgck
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=
>
=
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23 SOD HRAAZ EnlE sy

. Bt A EA zfZ 3t

EnlE (cv. Pink forcer)?] atgdAm oz Ry 7|TUB-E ZA3te] AEA
2 QEHAZTE dFY T Lol FAEAY A AL BAk [AA7}
g9 MSujz)oll w3t A3} o} 3F FHE shootd MLl A4 F2 wA
S=E7 Alztsleled Qojote Wl AgETiHo] opd Feloli e}
37 shooto] SEEPOom §EH shoot bude] £ Qolo Hls] HAdct 2
mg/L BA + 0.1 mg/L IAA7Z} B 7FH uix]oll A ujeF 43 Fof 32,3%8] shoot RE=
28 UehjdchFig. 27). AEzZozRy 7|ddgel 23 MEAN ALH
o] A9 AMg3% cytokinin® FFol uel shoot FE&0] Ao]E el
2 AL zeatin A&l vl3] W shoot FE&S RATHEILE dlolH).
S=H shootE WIujzj(BMulx] Ei= 1 mg/L 1AM A7 wiAD)E A ¥RIE

FET O £3A7)30 2HN HE3 AENE FAZTHFig. 28).

50 [

40 |

1AA 0.1

30

20

10 |

Shoot induction (%)

1 2
BA conc. (mg/L)

Fig. 27. Effect of plant growth regulators on shoot induction from
cultured cotyledons of tomato (Lycopersicon esculentum cv. Pink

forcer) after 4 weeks of culture,
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X2 ZE X : Superoxide Dismutase L& S MHIHES S

Fig. 28. Shoot induction and regeneration from the excised cotyledon of
tomato seedlings. A, Shoot induction from cotyledon explants on MS
medium with growth regulators. B, Root induction from shoot on rooting
medium, C, Regenerated plant with acclimation in vitro, D,E, Mature

plant with folwers in a green house,

2. BAAYH BEulE A EA g W 24
1) BAAY ButE A EA A

EotE My 4 nn 5L AEE stod FAAHS A=stdch B wiA]
o ol 7ddx] © [AEANY PHWAHE ASOp+nSODL/pBI10Lo] Fofole
o1 Zutee]2 LBA44042} FZuj¥3t F kanamycino] HHH A duiz] (2
mg/L BA + 0.1 mg/L 1AA + 300 mg/L claforan + 100 mg/L kanamycin)oi] ujjoFs}
odch Mutujxjol A wjok 3-4F Azt ¥ shooto] S-EF 7 AZAsIdon F&
H shoot2 1 mg/L 1AAZ} $-R-¥ 2R zufz|o] wjeiste] P& FEstart

£elo) 3-4% HES A3 W genonic NAZ Esto] PRZ FUHY of ¥

OF

Jle iy / 8%



2asteic, PCR ZFZof o]&H nptll FHA] primer=  sense

(0

5’ -GAGGCTATTCGGCTATGACTG-3', anti-sense: 5 '-ATCGGGAGCGGCGATACCGTA-3'o]m
94 Coll A 18 Zot ¥, 65CoA 18 5<Qt annealing, 72ColA 1&# &<
extensiondted & 30 FU1E uhEslel DNAE ZFEAZich L A FAIRA

A EBAe] 7 0.7 kb2 M7} BHHACKFig. 29).

A
RBq - Aso,,>1 msom> ]

primer

0.7kb -

Fig. 29. PCR analysis of kanamycin resistant tomato plants, A:
Partial map of ASOp+mSOD1/pBI101 vector, which is harboring
ascorbate promoter, cassava CuZnSOD (mSOD1), and nptll gene as a
selectable marker. B: PCR products of putative transgenic tomato
plants. M: 1 kb ladder. [-10: Kanamycin resistant tomato plants,
N: no DNA as a negative control. P: ASOp+mSOD1/pBI101 plasmid
DNA as a positive control. Arrows indicate the position of

primer for PCR.
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A=z E X

Kanamycin 3-frufz]o]l Awbx]o] PCRE HPAAFo] ¥elo] H Entke Al
IMAE thd 22 SoutherniA & AAISHATE 2AHA P&FA EulE &
Ao YO ZHE genomic DNAE H2|% TS FcoRl ¥ HindlIIE ATt
0.8% agarose gelo]] 7|9 %53}3 Zeta Probe membrane(Bio-Rad A|E)o & A
o]3tolt}. Kanamycin A%d H3AQ nptll FFAH7C0 bp) W wSODl FA=}
2] Eo]F2(260 bp)S PCRE A slo] 7zt2} probe® ©|-R3}9it). 60ToA 24
A1zt &t hybridization¥t T}-E membraneg A AS}Z X-ray "Eo] &3ty
MEE Helstaleh, 2 A 11 A EAE & copy, 28 AEHE 2 copyZt, 3

H2 3 copy?] EURAAZ HAART HASES & 5 AAdTHFig. 30).

2) BYAY EukE BN D BHEH

Southern £40 2 HFU¥Ho] HUH Ente AEHNY dujE He2 st
YHTAE R el 43 W soD B EA3talch SA419 o] ull, ¢f7)

Aag wiAe] gul, 2] ol dnl, & WA Ubrold BHe EMY
Z3k AA WD gwe AR, IR BT S WAV AYYSF gaste
A% UERIQTHFig, 31). SOD YA ol mel Xolg Rl M

BT UEDAZE ABHFF BYo] Frishe W FAAH nwe Fe WA
SOD /o) dmizt ez Fastalch Jut RE H-fofl S0D VP2 B
AA%8d Ent=e] dufolld cjREECE oo = WA J¥H+E ¥
ol F7tshs Z¥& vehligict ¥EAR =EotE oufe] S0D vl EE 2
TIAM e A vt RS Uehitist &3 Al ol22 A4 2
aolE Beed Mg A iz Bop of 1.6w), mme] Ff o 2.24) &
st A% EnpEe) dufolls SOD o] F71%E olfF= =YY FAAT}
dufolld A HHse TE2REE FARH o]&star] wFolm o2yt
Azte BAAE 2oldufelXet B2 FHS vehd Zoth

: Superoxide Dismutase D8R WHFRS FJI& HY / s8R



E g 2
= W w
Pnos uptll Tnos ASO promoter | mSODI |Tnos

1 2 3 c 1 2 3 c
(kb) HEH EH EH (k) E HE H EH E
23.0 e . . 23.0-
9.4 9.4-
6.6 b 6.6~ '.
- .-
: 4.0-
4.0 - . - 2
-
3.0 - - *
1.0~ » =

Fig. 30. Southern analysis of genomic DNA prepared from tomato
leaves, Equal amounts (30 ug) of genomic DNA were digested with
the restriction enzymes, electrophoresed in 0,8% agarose gel, and
blotted onto a membrane. The blot was hybridized with the 0.7 kb
fragment of nptll (A) or mSODl (B) as a probe, respectively, 1-3:
Transgenic tomato plants, C: Nontransgenic tomato plant, The
positions of molecular weight markers are shown on the left. E:
EcoRl, H: HindI1Il
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Fig. 31. Protein content and SOD activity during fruits
ripening in tomato (A, cv. Pinkle forcer; B, Koko), &:
non-transformed tomato plants, [ transgenic tomato plants,
Equal amount of total protein (40 uzg) was loaded to each lane,
1' immature green fruits. 2: early red fruits, 3: fully

ripening-stage fruits.
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SOD YAHME MUMFel =3 H ZEH

0l0
=
oo

AE A A

2 4Anlxte] 71227t cherdtgol miel 2E3A AL dF dFEU T
ol 27EHI glon, 53] Q0] BEulE L AR 4H] 2FETL FoiA
elr}t, Zif o] AR 7,692has 17+ 408,31780] AJAlE| T glod,

}-J

B

HBel= AL dF 482 HIEID QAT x]zpulolA Ald
w2 AHE T Qe 20]F o]&F fzlE TPt ZF A E=EE uEY
Qo] Y¥E, go]x], 2o]Fotx], foluF FY HiL LWAMFE T AFFH 7
= ol¢ $oich olFA AuiztPo] MEEE L o] &7t tigEtE o
et ks w7k AMEL F5& 243t gt EntEe] F¢ FAAE
B]2gE A dANuiH A (4, 916ha)o] Az} Fristn dou), o EFO] d|3ld
v FF dMEZ FAk el A FUksla glo] Fu AEF il
24 Ui A 7 A FT A olTh

#HZ 1EA 20], EulE S4& $Iste] 2 { FAIHVE U F
FNF AF7t ol F¥UEe], ol HHNZRE AFHUL [A=SAH A
(Handley and Chambliss, 1979), 2%t ¥, =, shlls HHANEZHEH 7|#
#%(Chee 1990: Kim et al., 1988: Sekioka and Tanaka, 1981; Trulson and
Shahin, 1986), <rujooll 2%t widAE2 (Lazarte and Sasser, 1982), wi'd
AL e de B3 s AEA L3} (Jeong et al., 1999)F B3
Fohe HHEAZRE e G wiAIzolnt wi]
of Mrlete AgzABAe] sy Hol7h Uni wlarss ABAEe) 9l
ol whetd zlo|7t wWol thedl, UM E1W 20] AY =FL FE oA U
£ iR o, wgE T thE 3 ofitel ciy N, Ay

o

u} Qlch. ¥y uj

OO
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HNEAY w3 AP ESAulol AT RSB, Ay, EF R4S

Fe ANE FE S Q0] EnEL o S nAasls 22
MLE BAU Reiggde) AdaAA W wsbyx]2gg 742 S0 nE 2
T A B IdA A3 S0 IR AR YNeg st 255
HHE T AAISHgCh oetd & A7 8 YIAFIUATLNN Y
g 20] EnjE2] SOD HHALE =YY BAAY AENE &3} TYPALY ¢

NAE AEE B HFHOE IRV 5L ANUstazt £sidct

A 24 SOD FAAZ Qo] A B o] YLEA

B FEA T B LS HAAH 0] AEMNE £33 F FAsY

Aeistsict. T vlolR HAHME 1371 Solgles uldFEE(h 8.5cmxd Jen,

2C 9015%2 Hojx&= «

3} 2ol dadsted #e|tdct. o] BAHH ‘%ﬂﬂg 2000 124 284

12} 3%, 2001 34 30 22 105§ & ol 323 E 714 2001d 2

¥ 39 3%, 2001 49 49 1058 F-clean 3h92of AAlslo] ofzt 137C,
F7H 25CUE 7122 ul & sttt

14

&3 Sed AEANE 28ulx)Z (perlite 1 : peatmoss 1 : vermiculite 1)
of AAIsto} AuSHAITH FATF(E 1) 2olWixI7 AEY EC 1.5uS/cm 4
T2 17l 179 22 Fon, P4FFS A7) 149 200 n¢, 127]0f
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£ 500me#] 23] FFsti QA F7tR FIshsdch k¥R HES ASAEE

TASEA Fd, AY, FAAA 5& sAAM FUH R dFA U AFAHE

(R 1D ot &R

FI8E mg/L 8L mg/L
KNO3 707 Hs BO; 3
NH4 Hz POy 76 MnS04 4H; O 2
Ca(NO3)2 4H2 O 530 ZnS04 7H2 O 0.22
MgS0, SH,0 246 CuS0; 5H2 O 0.05
EDTA - Fe 15 NaMoOs 2Hz O 0.02

HAT ABAY ASEHS B fste] & WY FAMNE 5
o
[=]

%
o, 2R A 54 Y F 35 30d3 60del 2%, FF,

3) HAAS NEAQ ey ulE EAPAHE B4

FAAE gAY B W F2} AFE 213t 3o AA AFFELES 3
At A" s, 124FE 2ABIGSH, £ 456U Fol FHvie] FA}
& o, el U7 3AFeE ddd FAHAA) Y uig vife A FY
gk AN BB FEStY RAlsAch

2. Az 9 %
1) A Q0] A EANY 3 ¢ Bis

FAAH Qo] AENE 2xto] AA 13575 &3t My A 1ake 274
7} <5} Elof 67% w3Eglen, 2xjol 1074A7F &3E o] 100% &3=o] A
MARow 92%22 £33 Holrh EI £33 HEH JAE 26L& 7] (71250
X M Z30 X Eo]25em)oll AL FA] g2 1270A 7 BAE o] 100%2] ¥

&8 2dou, A% 27 AL dR FF2E Qfo] o AAFUTHE

X2 =X : Superoxide Dismutase D &S| WA FS &Il MY / s8R



2).

P oy e A
1 A 2 ! 3 2(67) 2(100)
2 2} 9 1 10 10(100) 10(100)

Al 11 2 13 12(92) 12(100)

2) AR ool AEAY 4 T 09 AKEA

2AAY Qo] AEA A F 30U AAE Hg EHL ¥3 Yt
12} gAlgh BAAR 7N 15329 KUY XA 46em, nir] 1374 A
of mjg B AALEIL mje =gon, o HAA vste FHL F4
L AAre Hojrh 315432 = 159 A

Aoy ow uhesialcth, 2x Al PARH A
A F 7iAE 2, G9F, 42 2F A YgE BHoon YHEEE
waich, 2l sl E#6S 2 l4em, uitizt 7702 A Zte] ule B 2] F-of

Aol FAst= FgE Hodrh

CE 3 20| HAMB ABA Y AL ASHH(FAF 304)

27 23 ojc) 4 a3 q=
Tz A A (em) (cr’nmo) (7HT (cm) (cm_‘) AL
LAt 5 532(S0D) 46 5.7 13 19.5 21.0 u] A At
) Z43(th =) 159 Tl 19 21.5 23.0 A A}
31 %=2-1(S0D) 195 7.0 34 21.5 25.0 oy
31 %2-2(S0D) 170 7.0 29 22.0 24.5 A A
2 2} &) %#15(50D) 185 6.7 26 23.5 25.5 g4
3] Z-#6(S0D) 14 6.5 7 19.0 21.0 H] g 2t
E5() =) 180 7.5 25 22.5 27.0 3

1) 2Ald 12 2YE : 3.5, 23 29KE ¢ 5 4

XN2ZX : Superoxide Dismutase DK HIF ) Y / s8S



3) AR 2o AEAS P F 60U 454

HAAR AEA A3} AP HI FAL BY) 915t 4K 60
T Awndel MEEAHEe ¥4z Zrh  1xo] FAE Al A& 27l A
2718 AA 2x A ANl wistd AHEEI Lo}, A} &3 vE
ol @3k mlx)x] ofokrh Lt 23} FAY A A& HFT]el 22 ¥
Fo W QALTr} el nic]$ed o] 12 HAMS vty Zhzh 38%,
12%2 Agon HAHT 12%2 ZFEACh 532, siE#6 A B¢ AF
2 2z YAAo] Al FAo] BiE dAS Rood, oirimjct 27}
4~57) FAysto] 10092 A W@AdsH= £3S Ract

CE 4> 20] FAAY HEM AK5H(FAF 609)

an A Al 2% 37 Az 4 4+ e G
= (cm) (mm) (em) (M) (70 (%)

& 5-32(S0D) 65 6.7 3.6 18 10 56

1z shE43(c) &) 269 7.7 7.4 36 27 75
A 167 7.2 5.5 27 18.5 66

5] 52-1(S0D) 380 8.0 8.4 45 33 73

3] 5-2-2(S0D) 325 9.5 7.7 42 30 71

3 %#15(SO0D) 365 8.5 8.1 45 29 64
2 35+ 6(S0D) 80 8.5 5.3 15 15 100
% 5(cthR) 375 9.0 8.3 45 29 64

Al 305 8.7 7.6 38. 4 27.2 74

1) 2AHY 1xF 2R 4.4, 23 F9UH 6 4

FAAT A A B4 2] glste] A% ¥ 12~13d BB
AE systed 2, A7, 135S ZAIHch si5329 s)F462 2% oit]
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