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ABSTRACT Transgenic tobacco plants expressing either a sweet potato anionic peroxidase (POD) (swpal) or

neutral POD (swpn1) were irradiated by gamma radiation, and the gamma radiation-induced biochemical changes
in antioxidant enzymes and plant growth inhibition were investigated at 30 days after treatment. Gamma radiation
significantly inhibited the growth of all plants regardless of transgenic or nontransformed plants, showing a dose-
dependent inhibition. In high dosage of 50 and 70 Gy, plant heights were severely retarded and new leaves does not

emerged. No significant changes in antioxidant enzymes such as POD, superoxide dismutase and catalase were

observed in all plants regardless of irradiation dosages ranging from 10 to 50 Gy. These results suggest that sweet

potato PODs may be not involved in the protection against the oxidative stress induced by gamma radiation.
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5L 7bE FAAEY 20 2EFHE AU A (0=
Ls)al FAAAZ (reactive oxygen species, ROS)C.E
3xlo] Akl ~EF A (oxidative stress)S Gksle] 2]
Eo] Aol Zg=7] fA st EREHY AT A9
FAYSH] €t} (Alscher and Hess 1993; Asada 1999). A
= ROSY| 258 AAE 23817 95t superoxide
dismutase (SOD), peroxidase (POD), catalase (CAT) &2
thersl E£59] Aksla A9} ascorbate, a-tocopherol, glu-
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tathione 59 A&z} HEHL A

Hess 1993).

ABlAQ) 2EHAE §8T e AEHAYS A=
A rEdx NAESY 2Eds T o) heksich A2t
A QF, A, A, e Fol HE e HSAE
of 4w} Faslripe] wXE el v A= HlLF
U}u} w gobae E3E ARl o] ROSE kel

A QS1e] WIS Fsled DAl 434 i

[e)
(Kergonou et al. 1987; Hall
1988; Dubner et al. 1995) APE A EFAte] Wolks S
Eddold =, AFET 5 YT EEE AEFo o
SEI Qo WAL el A& dtstr)tel] mlX|e ol
sk gt = u)$ 1) &-3}} (Sah et al. 1996).
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B2 2A0A vjek7] o] s R shals gt
H29) BHATI T 247 B & ATk AREE Y
AE7 AW WSl Hebalel 1000] o) WA EFE
GO ARVAL ZAlelel, POD TAM HEFZ T
Tup W ENEFE, SOD I EFZ FRAjule} EntE
W GFA 2FE Aurste] B4 A, AR 84 2 kst
717 A7) o]&3lZ Ut (Kim et al. 1994; You et al.
1996, 1997; Huh et al. 1997; Kim et al. 1999; Lee et al.
1999a).

53] Zyn v = PODS g ibel Aest AX
4 ¥ ohe FA2EH2L FFA POD FHEA
(isoenzyme)s]l A2HQ] 7158 ARl v & AX
ZF9Jo] Folx)y 9tk (Kwak et al. 1995, 1996; Huh et al.
1997; Kim et al. 1999; Yun et al. 1999). 270} H] %A E o
A 22§ POD cDNA (A4 POD?2l swpal, swpa2, swpa3
¢} Z4 PODS! swpnl)E2 v A Xol A 7alA dE =,
anb AEA dels FEEHA] GA T A (wounding), A
&, LEE ATEA AR 238 JEE Ao)7b A
RF th e A Al 2Tk (Huh et al. 1997; Kim
et al, 1999). Swpalz} swpnlS 71z} 93 S AS )
A EA 9 YA 4 EA o] methyl viologen (MV)E )
g 23 swpal 8 =4 AEACNA WS JeERAEL
swpnl 2 EAol= vP DA EZ vZIA R I E e}
At} (Kwak and Yun, 1998; Yun et al. 1999).

£ AFAE Aol AE PODY| v[X|= Al 9
&2 5] At Zep WA E A FEl gt POD
A7} (swpal 2t swpn)E 2@z FAAS A EA ] vf
S AFste gulstas 899 wstel A5 A n)
e Jee AR

2 A4 AREg POD A4S @4 EAE Huh 5
(1998)0] v} wjokAEoA H-2jg Ao} POD cDNA
(swpal) == FA<¢ POD cDNA (swpnl)& Agro-
bacterium tumefaciens LBA4404E w7/ = 9@l (Nicotiana
tabaccum cv. Bel W3)oll 1%t A EH 25 23 £x}
£ oA A2 TIAtS Aotk Swpal & TdshH= @l
AEA (o]t swpal 2 EA2} $Het swpnldEANY FAE
kanamycin 150 mg/L.& §-5-3 MS (Murashige and Skoog,
1962) 712 vl x|ell A, v]EAAE 24EA (nontransformed
plant, NTAEA)= MS 712u)z)o) A 2olAlzl &, 16A]17F
23 8AIZE 719 25°C ZAANA oF 257 i skt Bl
U F AHo] G35 FAEAE MdEld o &A &

AA 677 AN F eraAee) AHsch
21014 72
UM O] T3 POD EAASAEA 2 NT 2159 vt

2 2ABY] 95t dFAAPATLTt Hasw =
E 60 (“Co)el ZrhaA AL ol stttk Zrkie) A

[e]
4
BEI_

AR BASAAZRE AZEE AEAE wRES 3
7F Bo AR S ZAMEIE 9 0, 10, 30, 50, 70 Gy 2] Al
717} H=F sk

T o =

1
”I

d

X Q _JtO_'

gl AEA o AEF 0528 0.05M Q4 g9 (pH
7.0) 0.5 mL3} 3 25919 BAA A md ¥
14,000 rpmz 1027 A4std 42 45dS 2E 2
o2 AMEEIYTh el A BSAE FFu A AMeg
Bradford (1976)¢} ®}ell whel S 8k%ich

shisia A =N

SOD &42 McCord®} Fridovich (1969)2] vl uiz}
xanthine, xanthine oxidase (XOD)$} cytochrome c& o]&
st 2454t 2424 93 vl-2 [10 mM xanthine
2.5 mL, 10 mM cytochrome ¢ 0.5 mL, 0.1 mM EDTAE ¥
3t 0.05 M Q1Feksd (pH 7.8) 47 mLo] S wid
ZA st ARg-atTh HES-A S cytochrome ¢ & UA
3 A3 Y&l el S "l= $ sodivm dithionite &
3] BASA A7) el 1 mL3 49 (10 uL %)
S o ¥ % 10°MEDTAZ %33 0.05M 1Ak
ol(pH 7.8)2.2 254 3413 XOD 10 uLE H7}sked Fauk
S AAIAT A 1 S (uniE 25Tl 287
-3-ated 550 nmoll A FRERHEE ZAFSt] XOD #4jo]
50% AA|R Ao R Pttt

POD &4 pyrogallolZ 7122 A}43 Sigmaile] HHE
o wet SASGTE AT FEA4Y 100 uLE 3 mL
cuvetteol] ¥ 0.1 M AAHZ (pH 6.0) 0.32 mL, 0.147
M H;0: 0.16 mL, 5% pyrogallol £ 0.32 mL>} Z7/ 2.1
mL-g 3 8L F, 420 nmol A 20%7F A0 T3
32 &8t 3Tk UV S whsdel F3%7} 0.
~0.70] HEE zaANE 3Nsle FLEAHS FH
t}. POD 842 o539 2oz HE #3rt. POD &
(unit/g AEE) = [(AAn20 sec) X (FAHI)/(12° x gA
S/mL uHS). o 7)A 127 420 nmol 4 2] F3A Foltk.

CAT 48 7133 Hx0:9 ZAZFL A=
(Aebi, 1984)5 AMg-8tsich B2A54S 9st gt
0.053 M H20: 1 mL, &4 0.1 mL, 0.05 M ¢14t
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7.0) 1.9 mLY EgRog s, AL cuvettel ol A

i/\oﬂ 9]61- HZOZQ’] -‘?]—SH'_?; 240 nmg} _-8—__161_ 7]3}\—4 11:17]_
S7slel hae) A0 AWSIRT) CAT 84 ity A%
Z) = (AAaw/min X FAEL)(2 X 43.6). 714 436C

240 nmojl A H,0:.9] F-3AZ=o|t)

4% o o
2iiM xf2lof of3t SRR

7oA S g swpal FAASAEA (o]d swpal A&
AZ kNS swpnl FAABNEA (swpnl 4 BA) U]
POD &2 vEHHEN=A (NTHEA) (6.8 units/mg
protein)oll ¥]dked Zbz} oF 2,589} 1.787} =Skt (Figure
D).

Swpal 21 &4, swpnl 2| 239} NTAEAo Zeld e A2
& 30000 A2lE 9o PRHELBNLS A A4
e X2 A oME dAstEAY AEA FFl
wj2} ofzke) Aolek Anke el FAHEL B4l
& 9FE 9AA @sitk Aubd M2l o8 swpal &
A9 POD B4& ZAIZel wjelsld AuAE Pl
50 GyAeelA= 2 (0 Gy)el 84 (16.8 units/mg
protein)ol] Hlall 2k 60%2] A Jehfict (Flgure .
swpnl 4] ZA4)+= 10 GyollAd] PODEAL Z4d &, 11 o4t
o MoNE YT S HANUL NTABALE ZE 4
oA FEFS ALY A @t A 70 Gyollxe A=A
7} 1]‘/]'7471] A& ol dozRE BAAS ZAEY & QL
Atk o1& 3 Axl= Akshd ~AEF AU 0 Z methyl viologen
MV)ely} 228 HE3tde o vehtes POD 849 =
7F (Yun 1998; Yun et al. 1999)9}= o222l o2, Zvpad
2 MY 9F ZEdsdE O A4E e M

Aol
SOD @4 bzl ol3) swpnl A A9k NTAZ
As A9 G WA dgkon], 50 GyAelM A2l g

g4 (20-35 umts/mg protein)& YR} (Figure 1).
Swpal 4 &3]+ SOD 42 10 GyAelolA < 20} Z7}
31901k 30 Gy olidel ZAMTIA el oz siHa
o] 50 Gy 2ol swpal 249} NTAEA= Aol 72
4S5 JERIRITE CAT 842 epdAjele o8] NTHE
A Asl 9% A B9ovh swpal 4EAE 30 Gyl A
ok 2.99) EAlo} =713k &, 50 GyollA Lo 4= 35
stk olo] Hlatel swpnl 4 E4E 30 Gy7kAlE CATEA
o] A3 7FAd F 50 GyolME 2318 FAeld] Hldly
gigo] o7k FhaATh

o)Ayt 7ro] Zhohx ZAVEke] mhEk A]Ee) AR B o
a zols Jehl: A3 309 A= s x7)0
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o} A 22 Fg%S Yehl
u}}\% }_A}-t}j— ]-)\]—QEA
isoenzyme ] ZA<] Wslo= olE WERHA Sttt (2
2} olAA). Zebilo] ABAG] sk WA /12 el
A QA o, ZUAE THAL Q7] ditel AlEY B/
Ape] AbA-F4AATE 9] hydroxyl radical ( - OH)E AH
Aaste] AEA F8E FE Rog AZEn (Babbs et
al. 1989). Hydroxyl radical < A EWe] EE 23S Fapd
qon grsd A AT AT FE A 540
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Figure 1. Gamma radiation-induced biochemical changes in
antioxidant enzymes of transgenic tobacco plants expressing either
a sweet potato anionic POD (swpal) or neutral POD (swpnl) and
nontransformed (NT) plants at 30 days after radiation. Error bars
indicate SE of five replicates.
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7 N AFolt PODE & Falol ) Aoz A

AL FAlEko] B24E AAEE hydroxyl radical 8 SFx
F7keted &2 A@olA POD YL AAAI= A= F
AEth SOD9 CAT /442 Ahstal 2EH 27t S48
o, A ROSO 93t A& =], SODE Ha020 ¢
3led, CAT+ superoxide radicalof] 2J3le] Ztz} Asf|& W=
t} (Kano et al. 1982; Blum and Fridovich, 1985). 7}A}e} 4
gl 2ol b S Adt 1490 ZARg ddsta s 24
oA SOD9} POD &4 70 Gy7tA] Z7}1at3em, CATE
A9 g WA ot (Lee et al. 1999b), Zupado] tgh 2]
ER o viFAE Y Akt digh whgAlo] thEol AlA}
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Figure 2. Gamma radiation-induced plant growth inhibition. A,
Plant growth inhibition of nontransformed control plants at 30
days after radiation; B, Dose-dependent growth inhibition of
transgenic tobacco plants expressing either a sweet potato anionic
POD (swpal) or neutral POD (swpnl) and nontransformed (NT)
plants at 30 days afterradiation. Error bars indicate SE of five
replicates.

Ak

HORM H2(0f| ofst FEXMEE AlZH|9| AT

b & 259 A AR vigste A A o
AN Z T (Figure 2). 2 S A28l 942 HEA 9] A%
(plant height)g 10022 3192 dl, 50 Gyx]glalA swpal
A A, NTHEA, swpnl 2 £ 472 2zt 47.3%,
39.4%. 29.9% 3T} A3 30Ul 70 GyA#]ol| A NT2EH|
= Mz Yo] yehR] &9ko L} (Figure 2A), swpal &
A&t swpnl A EAANA Yehtr] AlRsiden (Ax wA
A, A& A4 swpal 215 9L swpnl A EAH| oA 27}
18.7%%} 12.6% 5tk o|A4+e] Axl= swpal 2 &3¢ swpnl
A& 7t NTAEA o v]ate] 7ol gk ido] of L
0] AAEATE o]l WA swpal 2 EA7F MVl tjgt
WS zh= A3 2ol PODSL SOD9] HA| €40 FolA|
7F o2 =43 PODE A A 7150l & Aoz A4zt
|t}

A BeE|EAll AeldE AR d3olA Akl vt
of AEA Y AFATo] AAFHUNLH, PODS &4 1.3~
2.08) ZF7Fak et isoenzyme o] AWM= gAY 831
T} (Sah et al. 1996). o] 22 A& A7 7wt g A
Ao| of 3L Fatel] AHelste] WobA|Fl 9] ¢3S B Ao
2 & A APAHSE W oFHE Ao Atk F
A AEAEY $HAEY 2o H} e WS 7 A
o7 Aztelw, wofstHA zhuhadde] el A3 4 Ue
ghatslsE S 7H 202 gtk Arabidopsisel] 73E 7
oA g (1-3 KGy)s ZARIAS me 9ol o] AX
H Hol7[zto® A A4F 9] anthocyanin®] =33t
trichomeo] AjZo] FAATk= B/} 9t} (Nagata et al.
1997). ZmpAel] Wit A1 EA ] Wolr| o) disf Bt A%
A A7t ol Fo] AW, AL ESEZ ] A4t AR Y]

4R A AEe A Fol o18E & e Aotk

an

H @

e} 2 peroxidase (POD) (swpal) & 54 POD
(swpnl)2 =¥ F2H3 o] ohefst Mg eid S
AR 3 300 dHitstasd @A) A BRI A=
& ZAIATE b ARl vlElste] AAE 4
EA S} A B #ARe] BE AEA AL IA o
AAF ) 50-70 Gy Aol A EH ] ARye] A A=
AT MEE o] WAFHA Zatglrk 10-50 Gy o] ZARIF
o 4] &= POD, superoxide dismutase, catalase gl & W3}
g FA Futh olzst A= 1wt POD= Zrkd A}
o o5 SEEE AsHe AEH A g B g B
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