Korean J. Ginseng Sci.
Vol. 21, No. 1, 28~34(1997)

Clat mATO| A MM 3 HF|A Leol 0jxl= g2 &1t

DEESE L R R e

Fuoie AAsee AR, WAL 2T
(19974 34 7 A%

Effects of Light on the Pigment Production and Chloroplast
Development of Ginseng Hairy Roots

Deok-Cho Yang, Hye-Yeon Choi, Yong-Hae Kim, Kil-Young Yun and Deok-Choon Yang'

School of Life Sciences, College of Natural Science, Chungbuk National University, Cheongju 360-763, Korea

'Korea Ginseng and Tobacco Reserch Institute, Taejeon 305-345, Korea
(Received March 7, 1997)

Abstract : The effects of light on the pigment production and chloroplast development were ex-
amined on ginseng hairy roots cultured in 1/2MS liquid medium. The chlorophyll and carotenoid pro-
duction were increased from 1,000 to 3,500 lux condition, but decreased drastically in 7,000 lux con-
dition. The anthocyanin production was significantly increased with increment light intensity (1,000~
7,000 lux). The thylakoid membrane of chloroplast was proplastid in dark condition and it began to
develop into thylakoid membrane in 1,000 lux condition and then intact thylakoid membrane was de-
veloped in 3,500 lux condition. However, the development of thylakoid membrane in 7,000 lux con-
dition was inhibited comparing to 3,500 lux condition. The total chlorophyll production in blue light
condition were high comparing to other wavelength and same as 40% of total chlorophyll on white
light(3,500 lux) condition. The chlorophyll and carotenoid production by sucrose concentration were
high in 3% sucrose condition and anthocyanin production was high in 4% condition. The production
of chlorophyll and carotenoid by light periods was high when explants were cultured in dark con-
dition for 1 week and then transferred to light condition for 4 weeks. Our results suggest that pig-
ment production and chloroplast development could be accelerated by light intensity of specific
wavelength in cultures of ginseng hairy root.
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Fig. 1. Effects of light intensity on the growth of ginseng hairy roots cultured in 1/2MS liquid medium for 5
weeks at 23°C. The initial inoculum per treatment was 10 hairy root tips (size; 1.5cm) A; Dark con-
dition, B; 3,500 lux condition, C; 7,000 lux condition.
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Fig. 2. Effects of light intensity on the chloroplast de-
velopment of ginseng hairy roots cultured in 1/
2MS liquid medium for 5 weeks at 23°C. A;
dark condition, B; 1,000 lux condition. C; chloro-
plast, CW; cell wall, G; grana, M; mitochondria,
0OG; osmiophilic globule, S; stroma, P; pro-
plastid, SG; starch grain, Bar=0.5 pm.
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Table 1. Effects of light intensity on the chlorophyll, carotenoid and anthocyanin production of ginseng hairy roots
cultured according to light intensity in 1/2 MS liquid medium for 5 weeks at 23°C (Unit : pg-g dw™)

PIGMENT CONTENTS

Light intensity

(Lux) Chl. T Chl. a Chl. b a/b Caro. Anto.**

100 7.836 6.317+0.247* 1.51940.028 5.15 4.2114+0.015  0.108+0.015
1700 12.958 10.361+0.312  2.597+0.214 3.99 454440124  0.16820.032
3500 18.067 14.125+0.224 3.942+0.118 3.58 11.457+£0.214  0.355+0.116
7000 8.078 6.365+0.128  1.713£0.098 3.71 5.552+0.065 0.530+0.014

The initial inoculum was 10 hairy root tips(size; 1.5 cm). *; standard errors, **; Unit of anthocyanin contents in-
dicates relative optical density. ChL; chlorophyll, Caro.; carotenoid, Anto.; Anthocyanin
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Fig. 3. Effect of light intensity on the chloroplast de-
velopment of ginseng hairy roots cultured in
1/2MS liquid medium for 5 weeks at 23'C. C;
1,700 lux condition, D; 3,500 lux condition C;
chloroplast, CW: cell wall, G grana, M; mi-
tochondrai OG; osmiophilic globule, S; stroma,
SG; starch grain, Bar=0.5 pm
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Fig. 4. Effects of light intensity on the chloroplast
development of ginseng hairy roots cultured
in 1/2MS liquid medium for 5 weeks at 23°C.
E: 7.000 lux condition. C: chloroplast, CW;
cell wall, 7 grana, OG; osmiophilic globule, S;
stroma, SG; starch grain, Bar=0.5 pm.
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Table 2. Effects of light quality on the chlorophyll, carotencid and anthocyanin production of ginseng hairy
roots cultured according in 1/2 MS liquid medium for 5 weeks at 23°C (Unit = pg-g dw™)

PIGMENT CONTENTS

Light quality

Chl. T Chl. a Chl. b a/b Caro. Anto.™*
Red 1.882 1.2421+0135 0.640+0.018 1.94 1.380+0.091  0.049+0.005
Yellow 1.142 0.6871+0.132  0.455+0.115 1.51 1.004+0.026  0.038%+0.021
Green 4.818 4.108+0.154  0.7101+0.065 5.78 2.057+0.098  0.049+0.017
Blue 7.450 6.000+0.215  1.450£0.078 4.14 2487+0.102  0.042+0.014
White 18.233 13.633+0.348  4.600+0.173 2.96 12.126+0.216  0.393+£0.065

The initial inoculum was 10 hairy root tips(size; 1.5 cm). *; standard errors, **; Unit of anthocyanin contents n-
dicates relative optical density. ChL; chlorophyli, Care.; carotenoid, Anto.; Anthocyanin, Light quality itnensity;
200 lux, White light intensity; 3500 lux.

Fig. 5. Effects of sucrose concentration on the growth and pigment production of ginseng hairy roots cultured
in 1/2MS liquid medium for 5 weeks at 23°C. The initial inoculum was 10 hairy root tips (size; 1.5 cm).
A; Dark condition, Bi Light condition (3,500 lux).
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Table 3. Effects of sucrose concentration on the chlorophyll, carotenoid and anthocyanin production of ginseng

hairy roots cultured 1/2 MS liquid medium for 5 weeks at 23°C

(Unit : pg-g dw™)

PIGMENT CONTENTS

Sucrose

con.(%) Chl. T Chl. a Chl. b a/b Caro. Anto.**
1 9.701 7.740+0.307* 1.961+0.157 3.94 6.320+0.231 0.132+0.014
2 14.300 10.540+0.131  3.760x0.053 2.80 9.420+0.125 0.177+0.012
3 16.667 11.720+0.140 4.9471+0.044 2.36 10.820+0.072  0.285%0.024
4 11.840 8.520+0.193  3.320%0.174 2.56 8.7200.164  0.324x0.009

The initial inoculum was 10 hairy root tips(size; 1.5 cm). *; standard errors, **; Unit of anthocyanin contents in-
dicates relative optical density. Chl; chlorophyll, Caro.; carotenoid, Anto.; Anthocyanin, Light codition; 3,500 lux

Table 4. Effects of light periods on the chlorophyll, carotenoid and anthocyanin production of ginseng hairy

roots cultured in 1/2 MS liquid medium for 5 weeks at 23°C

(Unit : pg-g dw™)

PIGMENT CONTENTS

Light periods

Chl. T Chl a Chl. b a/b Caro. Anto.**
D4L1 2.766 2.366+0.307*  0.400+0.007 5915 3.700£0.153  0.0431£0.008
D3L2 6.033 5.266+0.131 0.76740.033 6.866 5467F+0.067  0.067=0.002
D2L3 9.933 8.100+0.140 1.833£0.088 4.419 7.167£0.120 0.142+0.014
D1L4 18.900 14.533%0.233  4.367+0.033 3.328 11.800%+0.252  0.219+0.039
DOL5 15.533 12.400£0.351 3.1330%0.167 3.958 10.000+0.300  0.311x0.021

The initial inoculum was 10 hairy root tips(size; 1.5 ¢cm). *; standard errors, **; Unit of anthocyanin contents in-
dicates relative optical density. Chl.; chlorophvll, Caro.; carotenoid, Anto.; Anthocyanin, Light condition: 3,500

Lux.
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