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ABSTRACT The gamma radiation-induced changes of antioxidant enzymes such as superoxide dismutase (SOD),
peroxidase (POD) and catalase (CAT) in callus cultures of cassava (Manihot esculenta Crantz) selected as a high
yield of cell line for SOD were investigated. In normal cultures, the cell growth reached a maximum at 30 days after
subculture (DAS), followed by a rapid decrease with further cultures. The SOD and POD specific activities
(units/mg protein) showed the highest at the immediately after subculture and subsequently decreased to 20 DAS,
and then increased to 30 DAS, whereas the CAT activity showed the lowest at just after subculture, and it
continuously increased from 15 DAS to 30 DAS, showing a good correlation with the cell growth. Irradiation of
gamma-ray of 50 and 70 Gy on 7 DAS inhibited significantly the cell growth by 50% and 80% at 14 days after
treatment (DAT), respectively. In the cells irradiated with 70 Gy, SOD and POD specific activities increased by 4
and 2.5 folds at 14 DAT, respectively, whereas CAT activity was not affected. The results indicate that SOD and
POD may be involved in the antioxidative mechanism in relation to oxidative stresses induced by subcultures and
by gamma radiation in callus cultures of cassava.
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M s oxide anion radical ( - O;"), hydrogen peroxide (H,0,),
hydroxyl radical (OH -) & uh3-Ao] %2 SA9 FA4A

Z (reactive oxygen species: ROS)2. 2 ¥ 3lt). o]52 713

HES IS FEY 374 AES ¥ 2 A4 ASEE JAZ o] AxEEs, FRAGA, g,
E3a AEHYART olU tgd F7Y FHIEHLE DNAFAYA T AAUlA Az A=A F&E L
oW AA WA AEe ALY A (0)F super- 3 AE A5 AES FA @k (Alscher and Hess 1993;
Scandalios 1993). A= &5 ROSEHRE AAS HS3E
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glutathione £¢] A& 3akstE2L AYAHg) (Alscher
and Hess 1993). o] & SOD (EC 1.15.1.1)E O, & AA
g #® ohd} 71} EAJo] &2 ROSSI OH - o #AS o
Wehs 28-S ke dlEA Q0 dtstatolt (Bowler 1994;
Bowler et al. 1992). SODE A 23 FEA | EA3h=
CuZnSOD, v|EZ=gloldl] 9= MnSOD, gEA|o| &}t
T FeSOD7} Qlth 2 258 HIXE 7 2EH 20l WA
g 7= A EAE W] $8te] SODE X3 3itsta
29 ARz o3 HAHIAEA shdo]| o]FAR L
91t} (Allen 1995; Bowler et al. 1992).

HolH AEYAE §UT F e AEdade 4B
2EHZ MR 2EE 5 019 Dtk A7)
9F HNEY (ABA D), 44, A9 So| 4B E=
A EAxe) Az sty vl Gl i B
< A7t Uk RS EESE HARS A ROSE
FoisiAl dAste] WA E faet QAo AAR]
HRIE 31 Ye #F ¢HA A9} (Kergonou et al. 1987;
Hall 1988; Dubner et al. 1995). £3] ZmAdL FoYx|E
ZEAR 71 wEel MEW BEAR AL-FaAE 23
&l OH - 2 AAEH= ZHow A Att (Babbs et al.
1989). 3HH, WAMALE AEFAY] wobE F7) EQWOA
FE B 59 BHoE o]&HY ot Abdo] AEA
T AEMGAIEY atstr]of vAE Gl tig B
= A9 ¢ith (Sah et al. 1996; Yun 1998).

S, Wi EE B2 ARSHARl AEE A A uj g
7] wjZell ststER e g4 F A Al F2 &
A7 8 F Aok AXES olHF wiEAEsE Ad S0
Aerste] B2 79 AEWHEFE Y22 SOD,
POD, CAT 59 dtslasd 848 TARIY &2 POD}
SOD €4¢& Ad AEFE A8t (Kim et al. 1994;
Jang et al. 1996; You et al. 1996; 1997). 53] POD X AYAA|
EFE gy I7v A EFE POD] ol g4t POD
Axte] £ 2 718 A7l 853 ok (Kwak et al.
1994; 1995; 1996; Huh et al. 1997; 1998; Yun et al. 1998).
E SOD §e] & Sk ErhE F9) AEFE WP
29| FaEr|F AT 2 fHAY FANERZ ol &HI 9]
t} (Youetal. 1997). £ =FoAM= 71 Atald AE# X
A9 kel 484 Fashols) ol WX Gl e
NZAEE ¥7] ekl SODE TAMSE A
(Manihot esculenta Crantz) BJ S o) ZalRS A3t
AZAES PashEs B0 IAE 9B 2,

HE oy

AlSHIOEZ 3 ZopM Rz

FIAYE} (Manihot esculenta Crantz) ) 9EM| ¥+ SOD 12
ARAAEFE Adry BHAMHEF (You et al. 1996)E A&
sttt A e 1 mg/L 2,4-D7F 39 MS (Murashige
and Skoog 1962)M| A& &3+ HEZ TS (87 x 15 mm)ol|
43 24302 ApuekstaA 25C deelA fASATH
AZAA & sabstas SR APAME <k 04 ¢
AASD) A2z 5 P04 E AEUHY X33 o, 59
702 NEE FA%Y AEAEZI Pstas E4E
£33 ol 60ColA 24AIZF AN F AZXFTHE &
Attt el AEs Adulg F 7d0] Aok Al
0, 10, 30, 50, 70 Gy ] A717} HEE 3417 5 A
o ol WA FFo| WAFTAA AN A A v FA xA 2
AR EE 3l7] 95t ABEA (AAE <k 04 9)E HEZY
4 2o GRAGLR S 2ttt vkl AE £
14dxe] AHAE YFLFE A AR Pitstis 84
& ZABIE Tk 2Rk AEle S aAEATAY] FHE 60
(“Coyel et ol &3tgich

TEL M| F=

2Bl I E AZ 0.4 ¢S 0.05M Q14+ g5 (pH 7.0)
0.5 mL3 ) 4E99 SRRAbEeA sl s & 14,000
pmZ 1087 AR s A& 5SS ZFAYCE A}
L2319t g A A F e BSAE EEUWAZ AL
[+]
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SOD 842 McCord$} Fridovich (1969)¢] ¥hie)] uwah
xanthine, xanthine oxidase (XOD)$} cytochrome ¢& ©]£-
ato] AR E42FHE A% 93 [10 mM xanthine
2.5 mL, 10 mM cytochrome ¢ 0.5 mL, 0.1 mM EDTAE ¥
&t 0.05 M ik (pH 7.8) 47 mLe] A v
ZA 5] ARRsg T ¥R cytochrome 9] EEE YA
3HA 5-A3817] 93t HEe-dg THE & sodium dithionite Z.
3] BASFCE 7] wed [ mLa &40 (10 uL A%)
S Fuld] 2L 3 104 MEDTAZ 33 0.05M ¢labgls
o (pH 7.8)2.2 25H) 843 XOD 10 pLE d7bske] &k
oo AIZFEII T a9 1 B (unit)= 25°CollA 287
ZF 9kt 550 nmell A FFEHSE A XOD 44
°] 50% AAE Aoz Pk

POD 4L pyrogallolE 7|2 Z A3l SigmaAle] w4
o wegl Ak MYNE 2E4H 100 uLE 3 mL
cuvetted] ¥ 0.1 M 14kgkEel (pH 6.0) 0.32 mL, 0.147
M H,0, 0.16 mL, 5% pyrogallol £ 0.32 mL3} 74 2.1
mLEg 3 4L F, 420 nmol| A 20F7F A2 SHE ¥

B8 245l e UV S84 wgalsl F2w7} 04-



0.70] HEE ZEANS FMslY TABHL ZA5Yc)
POD ¥4 Thee] Ao =RE 785tk POD 84 (univg
AED) = [ (HAR/20 sec) x (Au)&)Y (12° x gAlE/mL
gk, &3714 127 420 anJW_J B o)},

CAT 842 7]110

0.053 M H,0, 1 mL, ;rfqu 0.1 mL, 0.05 M Q1Akgk=ol (p
7.0) 1.9 mLe] EFHo 2 o, FAEA (unit)S cuvettel)]

oAl &40 23 H,0,9 E&)E 240 nme] 3% 7148 ]
7 35k tg9] 422 Arlelgch. CAT €4 (univg
AEF) = (AAy/min x SAE]E)/ (2 x 43.67). 714
43.62 240 nmolA] H,0,9] F3Aolth.

Zn gl @

SOD YA EFTE N FHAME} (M. esculenta
Crantz) A& AU & oF 1540 t=54]7]¢] A Y
T 30l HALES Jepien ALHA gl o}
2} o] AA 3] 7rastATh (Figure 1). 7hAMaE Bl A vk
A7l wet dtstas 842 E Wske Yepith ¢
AT SODE4 ¢l H]ZA T (units/mg protein)= Althul
F AFo 7P w2 84 (13,000 units)-& YERR F, Al
i<k 10470A] @AE] Atk 45227190 20471K)
@ 4L FASTL ek 204 5H SOD 8442 vty
VAR ASAR] F7HE e AT (Figure 1A). POD v &
AL SOD9| Wske} vlsesle] Aufu]eda o 7H &
273 (90.5 units)2 ERH 5, tjFSAZR7|HE A EA o]
HAYAE ‘45}‘4]‘:‘ AR Z7ksE & AGARL wjel e

2 848 AT (Figure 1B). 3HH CATE/4S At
AHog 2 &g Yoy SODs} POD-°4 a4 W3}
= & Aol YERNUTE Atk F Sl v E48 1

dom NEAGH dR)sk= HEo
(Figure 1C).

A XA wE
(units/g dry cell wt)&
BRo (BH9AA). &
= At F 5ol 7HF i—';—;&ﬁfﬁ olF ZHiEtirt g
AZZIEEH A SRR MY E B 848 U
Wlon, CATY A9+ WYzl @2 €48 Bl &
AEARZ v et E4HsE Yehiich SOD 2284t
EnLE (Lycopersicon esculentum) S| ol A A EAY 2ol
& SOD g4Wish= 7hAhuke] CATEA] wste} B33l
t} (You et al. 1996). POD A8 -1} (Ipomoea batatas)
Hepj b £9) PODEAL Hjokzrlo] okl Z7ksieiot
WEZNEAA BAS T, ThA) Z715) ARste] BT
AR ALHoZ Z=rbeteinh (Kwak et al. 1995). whabA]
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Figure 1. Changes in antioxidant enzymes during callus cultures of
cassava (Manihot esculenta) in MS basal medium supplemented
with 1 mg/L 2,4-D, 30 g/L sucrose and 0.4% Phytagel. A: Time
course of the cell growth and the specific activity of superoxide
dismutase, B: Time course of the cell growth and the specific
activity of peroxidase, C: Time course of the cell growth and the
specific activity of catalase.

HFu AT QG PUTES BHS WHE WAL 9
o} A EFS FUSEL SR Wk B Hol7t 9
ol AAREIh Sk e 2u ool AThul ), Whers7]e)
AT @ A JETLe BE HPREN 2 (18
o] ~2E# A H)ol= SODSH POD 93] F:2 = EELL A

o) A
Fapsl Aol
2J3t0] AZA

g Avioke £ e 78] A A
SABEL B TIAE 4TS 24
k. Fhabet Aeize] 4L AuhA A F 7ARE 2L
Hapo] Z71gel weh wdtr] AARGO (A% vAA),
HelF 1490 028 ZAe HAAA gL Yz )
31 50 Gysh 70 Gy A TolAl 22 oF 50%5} 80%9] A%
o zk5Ick (Figure 24). 10 Gyt 30 Gyl AMFE 4]
4] AS GEL 74 Poivk Az A2 u)
4 Ae) ¥ 149E Ze4 02 wa] ARSeH
AT S ZAAY] BS4F TR (Figure 2B).
Web Zebde AZAgel 2 4B HAE Ro)
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Figure 2. Effects of gamma radiation on the cell growth of cassava
(Manihot esculenta) in MS basal medium supplemented with 1
mg/L 2,4-D, 30 g/L sucrose and 0.4% Phytagel. Gamma-ray (10, 30,
50, 70 Gy) was irradiated on 7 days after subculture and the cell
growth was investigated at 14 days after treatment. Error bars
indicate SE of three replicates. A: The cell growth on the various
dose of gamma radiation, B: The pictures of gamma ray-irradiated
callus.

Ak

ZupdR e A EANALATE el AAste Al
IR e & Ao] dFHA AXYF & FFl A
A At T 149A9 ARE YAFeE HMgtas
AL ZFAEE T SOD BlEAE (units/mg protein)y= 30
Gy7H & & ¥t Iy 50 Gy FE & ZAMI | vl
3to] F718te 70 Gy g ZARIAS W FAelol vl ¢ 4
] =718 8000 unitS YeR) ST} (Figure 3A). POD ¥ ¥4
I SODS vzl 50 GyHE &40 F718lew 70
GyE 28RS We o 259 F7HE 50 unitE Ve
t} (Figure 3B). CAT @42 SOD, POD9= gz X e
A YoMz Zabdel ofs] & W= {Idth (Figure
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Figure 3. Gamma radiation-induced changes of antioxidant
enzymes in callus cultures of cassava (Manihot esculenta) in MS
basal medium supplemented with 1 mg/L 2.4-D, 30 g/L sucrose and
0.4% Phytagel. Gamma-ray (10, 30, 50, 70 Gy) was irradiated on 7
days after subculture and the enzyme activity was investigated at 14
days after treatment. A: The specific activity of superoxide
dismutase on various doses of gamma radiation, B: The specific
activity of peroxidase on various doses of gamma radiation, C: The
specific activity of catalase on various doses of gamma radiation.
Error bars indicate SE of three replicates.

3C). 7L M FAIEE e Eel os) AEuolA] et
s 2R @NEEES A A7) 915 SOD, POD 5
o] Izt IS FIE ALFol AAEHAT: FikskeA
£ AAsH= a4 POD} CATS 84437t 2w}
A wgt £ ztolg velle AL Fu2 2 AME AAG
A7t SFEh ZepdAEe] A% FiAME s GAHIE
SODs$} POD F9 &40 AAZFQ Wile gy 4o 7}
T2 Zadke AFAQ H3E JeEdS (2 oiAAD.
AEA T= AT A Aetdxzst PODe &4
isoenzymeo| ©TjX]= Q8] thd HIE Yo} SODE}
CAT @40 vlX= g i By glck 23 (Hor



deum vulgaris L) TR 7ZHepdS A)slg S o) Ak v
sl R ARe] JaAE POD 4o F7Hstith
(Sah et al. 1996). PODE A MER= ARSI g 2 EH| 4
e s MstRe | AEA Y Aol A F vl s}
o EAA QAP Y Fgastas 4 vkl Aol
S B AAUTE (Yun 1998). ofls FRAba} vl A 9]
$= AEXW Y EEAPT BalEo] AAE hydroxyl radical
o] H Mt ofe} o] Qs LAEE o]xHF Q] A
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7V 102 AZter

B dFoME SODE sk AlEF tig ek
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