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Effects of Antioxidants on Growth and Betalain Production in Hairy Root
Cultures of Phytolacca esculenta van Houtte
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The synthesis of betalain in hairy root cultures of Phytolacca esculenta van Houtte required the light, but the growth of
hairy roots was inhibited 5 times under light condition (1,500 Ix) compared to dark condition. To investigate the growth
inhibition of hairy roots under light condition, we surveyed the effects of several antioxidants on growth and betalain
production in suspension cultures of hairy roots. The growth of hairy roots was increased 1.2-1.4 times under dark
condition and 1.3-1.9 times under light condition by the treatment of ascorbic acid, glutathione, a-tocopherol, sodium
pyrosulfate and propylgallic acid. The betalain production was increased 1.2-2.1 times by antioxidants under light
condition. The combination treatment of antioxidants didn't have any significant effect on the growth of hairy roots and
betalain synthesis. The antioxidants on the betalain production were more effect under blue light than others. It was
discussed that the endogenous oxidants may be produced under blue light.
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A EA S dEA Q) WA dAEEA 2 a-tocopherol,
ascorbic acid, glutathione (GSH), B-carotene S¢] gt}
(Alscher and Hess, 1993: Tappel, 1980). ©] oA liphophilic
3l a-tocopherol2- F& &), n]EZ=g]o} 18]3 microsome
7} 7+2 subcellular membranesol] £z &}0, lipid oxidatione]]
gt AEeHA vhei7] =] SR singlet oxygen (Kaiser et
al, 1990), hydroxyl radical (Fukuzawa and Gebicki, 1983),
superoxide {Nishikimi, 1980)2 scavengingd}l+= 3L A2
glc}. ®ul ofg} a-tocopherol2 lipid peroxidations] <]
+%% membrane viscosity?] WIS A A 71H(Kenji et
al, 1981). ~8-A <)l ascorbic acid®} GSH:= AlEAH9 o)$
T3 Akst BA2H o8 N3 AEH 2 23
Abgatg- w7l el & okelH 9leH(Padh, 1990: Willson,
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%3le] phytotoxicgt He02E A A3hed oA o|F(Foyer,
1991 Halliwell and John, 1983). =3} antioxidative role2- ¥
Hejnl o] A3 atgo] oM E o] Fo]X]&H] vitamine Ex
primary antioxidante] 1 vitamine C A3}¥ vitamine E£]
2900 z-8-3c(Packer et al, 1979). GSH: protein
reductant, chloroplastso 4] He029] m}3], A=A S EF=
xenobiotic?] detoxificationo]] e gtc}(Edward, 1986:
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Ascorbic acid (0.001-05 mM), sodium pyrosulfate (0.05-2.0
mM), propylgallic acid (0.1-50 gM), glutathione (GSH,
0.0005-0.1 mM), a-tocopherol (0.005-30 mM)S At} uloFA|
Wrhstel U WL F, TADE AFES betalain G

& #aeh & AYe 4T FAIAE sgmart
8 Fss

itstHle] SEA2 5ot

Ascorbic acid (0.006 mM), sodium pyrosulfate (0.05 mM),
propylgallic acid (05 ¢M), GSH (001 mM) = a-tocopherol
(5 mM), GSH (001 mM), ascorbic acid(0.006 mM)ZE E-g
Aejste] UzF Wikt F, 2T ALEF betalain®]
S T3k

ZutgEol| mWe atitethel gt

F3} Aol w2 gAkslAl 9] EF oA AFEH filter: Yang
5(19%) o] AHg3t A} FH& AL ARSI, FFLS
AT 2 FLToE 450 k2 Bo| fiters FFH3F F2
Fegol 40 k HA A3 o, Y7 Wikt F ARZE
betalain %S 7319

Z% o 2@
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FA A= FxiE] 0090 g¥ot 0005 mM Ao A 0119
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B} 001 mM A Fo|A 174 %2 betalain FFS e}
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7HA F7hetrl o] wEeAe e 2 el

A BE ZAastedd(Fig 1). GSH AgoA: Ao 5
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o B e FAHES 001 mM A 2oA o 13u] %
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mM o] Aol M= 7FAsH9eH(Fig. 1). a-Tocopherol ﬂ?fMW
EATY ARES dAEHA ARG 006 mMejA
1249 o #dch FAEAM T nlrtA 2, BAZY A%
£ FAHE R 5 mM e-tocopherol X 2] FoA 19u}7} o
EFu%2H, betalain FFE v]SaA FAHHEG 5 mM e
tocopherolol| A 13w ©f &gtk o]Are] AM43t dAabsiAlE

A BT AAS $A35}9, betalain PPN x E}
el ALz vy a8y FARAE el A
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Figure 1. Effects of ascorbic acid, GSH and a-tocopherol 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 em), L: Light condition, D: Dark condition.

e A4S GAAR S5 Fasle

Propylgallic acid& Ae]std& o haele] =A< A
AL FAYEG 5 aM APA L4, B E T
B} 05 oM A2 A 18w ¥tk 223 betalain ¥k
01 oM AHellA 7h goken, FAzEg 13 2
betalain g3 vhebl 21eH(Fig. 2). Sodium pyrosulfate#] 2]
Al obdel o] AEE FAEEG 01 mM Ao A 14w,
FARE FAHEG 01 mM A 184 E3kh
Betalain &3-S 005 mM AHe|TellA] FA=|ic) 14w ¥
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Figure 2. Effects of propylgallic acid and sodium pyrosulfate 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 ¢m), L: Light condition, D: Dark condition.

< betalain FFE et BASY) AZES 0006
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betalain §F HA| 12-21047bA] 7t o] RAFZNA AA
g Al 232 AAE BT ok betalin A=
AAFE st

AT BATY A% F betalain M HY TEE
a1yl ascorbic acid (0006 mM), sodium pyrosulfate (0.1
mM), propylgallic acid (5 M), glutathione (0.01 mM)9] =
59 2gA e 42 4785 betalain ] AL 3
& o} HITHFig. 3). AT ARNEL ZE FAks
A Az FA R 24 Jebstoh $4He RS
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Figure 3. Effects of various combination of ascorbic acid, GSH
propylgallic acid and sodium pyrosulfate 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 (iip size: 15 cm), L:
Light condition, D: Dark condition, A: ascorbic acid, S: sodium
pyrosulfate, P propylgallic acid, G: glutathione.
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g A2 B3] gt WA A3 (endogenous
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Figure 4. Effects of various combination of ascorbic acid, GSH and
a-tocopherol in hairy root cultures of Phytolacca esculenta van
Houtte. The data was measured at 25 days after subculture and
the initial noculum was 20 hairy root tips (tip size: 15 cm), L:
Light condition, D: Dark condition, A: ascorbic acid, G:
glutathione, T a-tocopherol.

glutathione + ascorbic acid + a-tocopherol B8 2}ojA]:=
049 go2 14w} o] ¥& AAES e ey #
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F 5(Yang et al, 1993b) &) ¥} Y3k
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Figure 5. Effects of ascorbic acid, GSH according to light
wavelength 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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