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Effects of Light on Activities of Antioxidative Enzymes in Hairy Root Cultures
of Phytolacca esculenta van Houtte
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The effects of light on the activities of several antioxidative enzymes, catalase (CAT), superoxide dismutase (SOD),
ascorbate oxidase (AO), and peroxidase (POD) were examined in the hairy root cultures of Phytolacca esculenta van Houtte
induced by Agrobacterium tumefaciens AdT. Activities of CAT, SOD, and AO were significantly decreased with increasing
light intensity (500-2,000 Ix). The activity of AO under high light condition (2,000 Ix) was decreased by 92% compared to the
dark condition. The activities of glutathoine peroxidase (GPO), ascorbate peroxidase (APO) and general POD were
increased under lower light intensity below 500 Ix. The activity of GPO under 2,000 Ix was decreased by 85% compared to
the dark condition. The activities of antioxidative enzymes were more decreased in blue light (400-500nm). The activities of
antioxidative enzymes in blue light intensity were increased in lower light intensity below 30 lx, but decreased 21-70%
under 200 Ix. The activity of AO was decreased by 70% under 200 Ix with increasing blue light intensity. Our results suggest
that the activities of antioxidative enzymes in hairy roots might be inhibited by endogenous oxidants generated under the
high blue light conditions.
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A2} Z( Phytolacca esculenta van Houtte) o)A A H+= 3, 78 3, 9222 A3l sulfur dioxides} 22 Eegk 3t
betalain® Z4) A}-Z(Centrospermae) o] A7+ A H = HAA A&7 A singlet oxygen (102), superoxide anion radical ( -
224 ML ¥ st gt A ] W] W Fe Gx 7} 072), hydrogen peroxide (H202), hydroxyl radicals ( - OH),
ofgt A EF SR Yo AM4-3v(Hwang et al, hydroxyl anion (OH™)#} 2t-& fsiAtart FesiA 44+
1993). A EwioF& %53 betalain JAb AT zE|F, Beta T glge] delA 9Jh(Scandalios, 1993). ©] 5 HEALE
vulgaris G-l A} &3] o] Fo A3t gleh(Fugita et al, 1987: Al A HRAL, obm| A, A, M, Al Fo &3S F
Taya et al, 1992: Yang et al, 1993a: Hwang et al, 1993). o] Z+ membrane demage, M E A7 7% &4k 9}
A2 E betalain AL Fo] AH oy QFHW, £3] A F&9 7tA, electrolyte leakage, mutationg -f@3c}
A gpate] 714 3pAQl Ao R odelx vHYang et al, (Scandalios, 1993).
1993b, ¢). e} Fabdel A RS W 4o FEals 3714 REE AAAHA HA BFov 9F 37 2EH
7} A=) BAFTES] AT} betalain FA o= AIFS £ 2o o8] YQEHLE FalAtae] FAYAL ARS EEHe

tHYang et al, o4E). &S F4% 25 ¢ ¥4 9 2 AAse, ARy Ade 23 £ e
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glutathione (GSH), cysteine, hydroquinone, mannitol, vitamin
C2} vitamin E, flavonoids, B-carotene (Ames, 1983; Larson,
1988) 53 2 FAAY FAS A4YG 2
peroxidase (POD), catalase (CAT), superoxide dismutase
(SOD), glutathione reductase (GR), ascorbate free radical
reductase (AFR), ascorbate peroxidase (APQ) S3 zZe 3
A5 Wolr) e AT AT A dolrlAe 3
Fo2RE FE9 foe radicalsol AT RAA Pol7 7o)
v, secondary antioxidant defense system-2- DNA-repair
system 7 olj2} proteolysis?} lipolysise]] edl= HEA
AZ ZHacH(Enrique, 1989). 2 AF= g Bo &) &

T BAEY ARl JAlEE Al s YAHE
Fralabael ojgt Aoz AztEo] FAe o g FAE
a9 B4E 2k

ME 3 4y
AE N2

2t 2] 2( Phytolacca esculenta van Houtte) RAFZ2
Agrobacterium rhizogenes A4 52 pRiA4 plasmidE A.
tumefaciens C58 #Fo| ArYIsF A. tumefaciens A/T (Noda
et al, 1987 Tanaka et al, 1985) & HF3}o 7)€ 2AE
S A E5(Yang et al, 19932) 3 Al&3sled o, wARZL SH
(Schenk & Hilderbrandt, 1972) wiA|o|A] 25°C, tAtej2 A
Bl (100 rpm)ap ok Aol E At ¥ 7-899)
Agste] A2 e 2AT AdE9E 15 amE FYsE
A et sl 2SS SH dAA e &7 344
& 3 543 (dim green light) 3lel A $:3)5}sich

DARZO| MAETL betalain Bt

22 AAEL SH 7[EiA] 50 mLE 53 15
mL flaskel] EAFZe] MTH(L5 cm) 20708 A Eabe] FAke)
(LB00 k) s} tAbel 2 F-¥-3he] 25971 wiokst ¥ BAEY
Az o2 239 Betalain #3-& A 3}17] $35}e
BARES] (15 cm) 20702 85% acetone 4 mLE v} s}
Aot ol & £°ColA 1241z WA F, 5000 pmoA 0%
7 fAFE st 92 NS A (Hitachi U-3400,
Japan)& ©]&-3le} 5373 nmol N FREE A3

4]

X2 =

0

gle) %

o
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WAGS) FEE SR, ST HEFS

4 cellophane®] FAZ ZAsE AHE§ filter: blue
(400-500 nm, XGB-400T filter: Giriffin Co., England + blue
cellophane), Green (500-600 nm, RiSR-60 filter: Kenko,
Japan) 12]3 Red (600-700 nm, IF550 filter: Olympus,
Japan) |9 fiter§ F3}gt Fx=7} 20 Ix7} HA AL
v, Y32l FE= blue cellophane®} F7A4 2 FA s}
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A F ZAT AAFE 05 g& 5 mL 01 M K-phosphate
buffer (pH 7.0) 2 w}s§3t -8 3500 rpmol A 2037+ QAR
gete] 942 NS mLg 02 mg 9 »E7} HEE
%43} POD, CAT, SOD9| ZEAgoio e 8549}
child g2 Lowry (19651) #hwog 2439 GR,
GPO, AFR, APO, AO9 4L 10 mM MgClk, 0.05%
cystein®] EF¥ 5 mL 50 mM tricine-NaOH buffer (pH
78)2 FZ3 o2 3500 mpmol A 2087 4 2este o
& A5YS mLg 02 mg @93 3=} HE§ 2As)e

-

ZEA §902 1439
POD (EC 1.11.1.7)2] &HAf

Chance®} Maehly (1965)2] wle] F3}ed 01 M K-
phosphate buffer (pH 70), 0311% guaiacol (v/v)3} Z& A
Sdo] ®FE WS 0036% H02 (v/v)E H7lehe]
4714 nmel|A FJ%= W3S thermoelectric cell holder (25°
C)7} #39 ¥4 (Hitachi U-3400, Japan)2 =4 3}5ic).
POD9] | unitx 1 mg A(FEL) o] 1359} guajacol S
FYAD AL 4714 nmolM FHE FE W4
A4714/mg protein/min) 2} 7t}

CAT (EC 1.11.1.6)Q] &4

CAT #4-2 Lueck (1965)2] upgol] F8}ed 50 mM K-
phosphate buffer (pH 7.0)¢} Z&EA4Ne] E3tel ulL 4
125 102 M H02 (v/v)E AH7bsled 240 nmo) A FFE2
2A3 . CATY) 1 unity: 1 mg DA (D) o] 135
ot HeOe ¥-314170 A& 240 nmo N 348 FF= w3zl
AAxu/mg protein/min) 9} 2t}

SOD (EC 1.15.1.1)2) &
SOD &4 Yang 5(1987)9] Hhylel] 3] 01 M K-

phosphate buffer (pH 7.0), 85 x 105 M NBT, 18 x 10+
M riboflavin 28|32 ZFEAGYo] EFhg ukgode] 625 x



102 M TEMEDE #rbgt F 5000 ko] #& ZARHA
570 nmej A EFF=F ZA39dc SODY 1 unit: 1 mg &
WA (2EA) o] 18-5¢ NBT o] &t JA1 &S &4 ‘&
570 nmoj| A 2] F33x 3 JAs0/mg protein/min) 9} 7t}

GR (EC 1.6.4.2)2| &4

Halliwell#} Foyer =(1978)2] "W}¥of] S8} 01 M tricine
buffer (pH 7.8), 15 mM EDTA, 2.18 mM oxidized
glutathiones} ZEALNo] T3x ubFHo 016 mM
NADPH #H7}3 o}-g 340 nmelA] NADPH®] AlslgS &
Astgeh. GRY 1 wnite 1 mg YA (ZEL)0] 1359
Ab3t%El NADPH2F(mM NADPH/mg protein/min)3} %t}

GPO (EC 1.11.1.9)8] &4

GPO2] #FA-2 GR%9 couplings o] 438 Pagliagt
Valentine (1967)¢] uhel] F3lo £alslgith 0.1 M tricine
buffer (pH 7.8), 0.15 mM NADPH, 15 U glutathione
reductase, 0.25 mM reduced glutathion¥} ZHE 48N o] FE3}
% uleole] 05 mM Hz02& #H7MsE o}g 340 nmol A
NADPHY] Ab3l&-E Z2A319h GPO9 1 unit= 1 mg
WA(ZR )] 185 Adld NADPHH (mM
NADPH/mg protein/min) #} 7t}

AFR (EC 1.6.5.4)2] &4

Arrigoni % (1981)2] upef] whe}l 01 M tricine buffer (pH
78), 1 mM ascorbate, 05 U ascorbate oxidase$} Z & A48
o] 01 mM NADHS ¥71st o2& 340 nmojA] NADHE] 4}
&S EA89ch AFR 1 wnit: 1 mg DYA(ZEL) o]
1220} Alslsl NADH=HmM NADH/mg protein/min) =}
=4

i

APO (EC 1.11.1.11)9] &4

Dalton S(1987)¢] u#le] Z3ko] 01 M tricine buffer (pH
78), 0.1 mM ascorbate®} ZHEAGY o] F3h¥ ul-3-efq (.
mM H202E H7}3le] 265 nmel|A ascorbated] AFEHE-S
Astdet. APO2| 1 unitt= 1 mg PHA(ERD) 0] 135
Ar3}El ascorbate®¥(oxidized ascorbate/mg protein/min)3} 7
1=

2 Jb“ o

0 (EC 1.103.3)9] &4
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1 mLe] £2EA493 522 01 M phosphate buffer (pH
56)% & A& F 5000 pm o2 1087 A4 Reste] d&
A5dE mly 02 mg YA 5E7} HES 2|
Bergmeyer =(1983)2] ulW o] ule} 265 nmoljA ascorbate?)
ARsHg 2 2A 89 WhEae 10 mM phosphate buffer
(pH 56)¢} 1 mM ascorbate, Z18]3. &4 LHL —'5'—{{}?'5}04
587 vl2-A]7] & 15 ml 04 N HCIE #H7lshe] ulgS
A7) v 266 nmof| A ascorbate®] AbEHE-S "3.“36}%?':}-
AOY 1 unity: 1 mg DA(RED)] 1¥F9e Azd
ascorbate® (oxidized ascorbate/mg protein/min) 3} 7t}

2% 3 2%

WA g Fxo wpE APF 2ATY YFES A
oA flask® AZRZe 0737 g B} 1500 kel A} 0139 go2
524, 2000 Ixo A 10w A= 7443 b, betalain §HAE
27t F7MEes AAHeR Frheleh(Fig 1), A3
o w2 gukd POD AI(4714 nmolAe] ODzZkel o
3 A 612701 A 1,000 Ix7kA] F7}stekr} 1,500 ¥
Bl asty] AlRste, 2000 kel M 491022 Herc
20% 7+48+9cH(Fig. 2).

CATEA L Fxr7t F71d4E Faste Adolded,
FAE Rt 2000 kol 43% ZHAslsich SOD &4 %4
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Figure 1. Effects of light intensity on growth and betalain
production in hairy root cultures of Phytolacca esculenta van
Houtte. The data was measured at 25 days after subculture and
the initial inoculum was 20 hairy root tips (tip size: 15 cm).
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Figure 2. Effects of light intensity on activities of antioxidative
enzymes in hairy root cultures of Phytolacca esculenta van Houtte.

Fxr} F74EeE gashe Ao ot 2o 2000 kx
oAl 6%\t 7FAs}edoHFig. 2).

Re| #4& shtelal A 20 kA 2% F7tstetst
a2 o)} #xrt Frlebd Aol AR Zhaste] 2000 kxe
AE 2% ztastgeh GPO 94 GREAH v)&dt ASE
Yehiglsdl, QA= 250 k7hA] E7)skebr) 1500 kx
FElE G733 #asld 2000 kelXE 86% Fastglo
(Fig. 2). APOZA 2 shaelelA 500 k7kAl e F7}setrt
1000 Ix o] Foll = 7hA3}7) Al2ste] 2,000 Ixell M 50% A
stk AOZA L shtelelM FE7t FrMdes 343
ashe %S Yelfe] 2000 kelME 2% Frastdt
(Fig 2). 919] ZAz}o|A CAT, SOD, A0S #AL F=7}
M-S s bl 98 B2 W FEI A
B =7} Sk} 22 FEeME A st
A3E Jehddel geba el os AR faat
AF FARRLY RS AAAA, AT A=
faart &M AAHA Xl USE A
#}2 Az

WG] o Fxdjelre A%

o rlr

i o

FEo] HAMFIL betalain

0.5 0.05
3 Growth
i -®-Betalain
- 0.04
5o 4 0.03 %
S 5
s :
4002 -
£ 3
g &
0.01

50 200

Dark 10 30 40
Blue light intensity (lx)

Figure 3. Effects of blue light intensity on growth and betalain

production in hairy root cultures of Phytolacca esculenta van

Houtte. The data was measured at 25 days after subculture and the
initial inoculum was 20 hairy root tips (ip size: L5 cm).

?{}“ o] %P‘J%B}% ang §(1993a)2] Az} vpAIA R 2}
J AL A3 AA s e e o
ﬁﬂlsol 2—1% vby A s My TR 8% 7
250 ¥ betalain A2 AN A g B
(Fig 3). o] BAFZS AN Ee| HAFE 7431 A
PAE TR "J =y xﬂ¢ﬂ7} Za)8}3 9L A AL
F3 glont ofgf 3 = FF oo} At
FapAol w34 &E}LA 45 zAsH9d uh POD
= Aol wls] A mAelA 119%, HA shAtel| A
99%, AA AN N.1% Fasted HA st 7H3
e g4 $AEZ Yehlgleh CAT, SOD 94| A4 5
oA 2 AgFEg $& B4 FYEE vepileH,
27y 0%, 3% QA HGch AFRY F4-& e et A
Ao A 85% A8 APO, A0 1] HA spAtelA
= Zvzt 18%, 4%= z}_LE]giC} (Table 1). ¢J¢] AE n)
Fo] Hol A AN o2 JuARc §-2 AR
b AAEH, AR AFAE ERAH 22 AAA X5}
W Foll, BAZY AFe] A HiE ALE A7
AR AT FAEL BX o] AN FAM AR
Wol AsEoz A mAe Fxo wE Absiase]
$4& zAlgw wl, PODEAE AR A% 30
x74A) BH 27} Zohsicrt ool ¥ FxeMe AR 7
A5e] 200 koA YA ETE 21% zFA23F]cHFig. 4).
CATEA = vla7}A 2 10 k7kAl= F718ld7t 1 o] 9
Fro M= 7HAsle] 200 ke e U% FHAasie] ow, SOD
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Table 1. Effects of light wavelength on growth, betalain production and antioxidative enzymes activities in hairy root cultures of P. esculenta van

Houtte.
Light wavelength
Dark Green Red Blue
Growth 0900 + 0014 0846 + 0018 0791 + 0013 0431 + 0012
(g dry wt/flask)
Betalain content none 0015 + 0022 0021 + 0021 0042 + 0019
(Ad14)
POD activity 6575 + 0175 6503 + 0562 5926 + 0612 5255 + 0.665
( 4A4r14/mg protein/min)
CAT activity 4473 + 0097 3546 + 0.050 395 + 0.019 2992 + 0013
( AA20/mg protein/min)
SOD activity 3266 + 412 3243 + 115 2763 + 196 2147 + 280
( 4As/mg protein/min)
AFR activity 0094 + 0009 0085 + 0006 0.100 + 0.008 0.086 + 0.006
(mM NADH/mg protein/min)
APO activity 1233 + 0045 1176 + 0105 1141 + 0.037 1008 + 0.028
{oxidized ascorbate/mg protein/min)
AOQ activity 0441 + 0017 0544 + 0022 0399 + 0015 0335 + 0080
(oxidized ascorbate/mg protein/min)
£ 30 WAR 2t 2 o FEelNE AR i) . o
‘331?} GR2 10 Ik, GPOx= 30 k7}x] £4%A o] F7)sles) é’
B BEdE AR 2asided, ol 47 5% 6% E 1%° 8
st Agolgleh. AFRS A0 30 k7b| E484ol < {aoo &
Q
F7heebt 1 o4e REAMNE AAALR gaske 7 < Je00 3
%2 veliglon APOY: 95% 214 S91T AOE WAl e o 3
=7 ]'IQ'T = 8

oAAMs} oA E AN FRAeAME FE7} 3
st 200 kel M 7026744 2k AHFig. 4).
ol e} AztE wlFe] Mol ey mATY FAIspEA
& ek AARseA qAE Bk oz 58] B4
s YAE Fajabde] ojste] FAel Bl A
Aeg Azdo. gy gasase) 243 F7H 9]
7 7pgstel A frafjalas] AL At =
faad EdHoz AAY ¢ de UW-‘:MI
e FEoNE 2T 43S A
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Figure 4. Effects of blue light intensity on activities of antioxidative
enzymes in hairy root cultures of Phytolacca esculenta van Houtte.
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ascorbate peroxidase 18] peroxidase?] A EE: 500 k7}
Ae FE7t potdeF el eyd 1 oA ¥& #
EoJME dAsA FAaddd. GPOS AL AOAHH
2000 Ixell A obef B} 85% Zrasigich. Fupitel] mpE g
AbstE o] #A-e A G shatdA 744 gel 9A=S)
2w, AO%) A B%7HA Fasigich AN siare] 3
Foll wE AR EAS] A== 0 k7pAE F7bsot
10 ol A e 21T et ARE o
Welch A0S B4 A she] FE(0-20 )7k 27}

FxoM F2 A" FHAE it dAHT YeE
golatlet. Fgeistel A A WA betalain T &
FAAT] el 22N AAEE AR B
Aol AAZ 27g ol AU

A AR dFE 1999 E AT U AR 734
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