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ABSTRACT

In order to characterize the chloroplasts of Korean ginseng as a. semi-shade plant and
radish as a sun plant, effects of growth light intensity on photosynthetic electron transport
(PS) activity in chloroplasts and superoxide (Oz7) production in thylakoid membrane by ir-
radiation were investigated. High-light chloroplasts of both plants showed higher PS ac-
tivities than those grown under low growth light intensity. High PS II and low PS [ activities
in ginseng chloroplasts (ratio of PSII/PS 1: 1.1) were observed, but radish chloroplasts show-
ed low PS 1I and high PS | activities (ratio of PS 1[/PS I: 0.3). PS II activity of both plants
was little affected by temperature in ranges of 15-35°C. Activities of whole-chain (PS II + I)
in ginseng and PS I in radish were increased at high temperature (40 °C). Preincubation of
chloroplasts at 40 °C during 30 min, as a mild heat stress, caused rapid decrease in PS II and
PS II + I activities of both plants. However PS I activity was not decreased in ginseng and
rather increased in radish. O, production (NBT reduction) in Mehler reaction in the thyl-
akoid membrane was inhibited by DCMU in both plants. DMBIB inhibited O,-~ production in
ginseng, but radish was insensitive to DMBIB. Electron flow system in ginseng thylakoid
membrane was more susceptible to damage of photooxidation than that of radish.

Abbreviations: PS, photosynthetic electron transport; DCPIP, 2,6-dichlorophenol indophenol ; FaCy,
ferricyanide; PD, p-phenylene diamine; MV, methylviologen; DCMU, 3-(3,4-dichlorophenyl)-1,1-dimeth-
yl urea; NBT; p-nitro blue tetrazolium chloride; DMBIB, 2,5-dibrome-3-methyl-6-isopropyl-f-benzo-

quinone.
INTRODUCTION has long been cultivated under the shade. Because of
low growth rate of this plant, it takes about 6 years for
Korean ginseng is one of the most important Orien- good quality even under the most favorable condition
tal herb medicines. Since it has been genotypically for cultivation. In order to improve its low productivi-
adapted to deeply shaded habitats, it is not able to ac- ty, physiological characteristics of ginseng plant as
climate and grow in full sun conditions. Therefore, it responces to environmental factors were intensively
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investigated during the last decade (Lee, 1988; Park,
1980).

In general, the improvement of ginseng productivi-
ty through the increase of photosynthesis is strongly
restricted by low light-saturated photosynthetic
capacity in ginseng leaves (Lee, 1988) and photodam-
age in the photosynthetic apparatus induced by ex-
posure to strong light (Yang et o/, 1987a,b, 1989). But
high temperature as an environmental factor appears
to have little influence on photooxidative chlorophyll-
bleaching phenomenon (Yang et ¢/, 1987b). Many in-
vestigators (Anderson, 1988; Bjérkman, 1981; Board-
man, 1977) have reported, in detail, the characteristics
of photosynthesis in many kinds of shade plants. Un-
fortunately few arcicles about the characteristics of
photosystem in ginseng chloroplasts were published.

In the present study, we tried to get some informa-
tions about the characteristics of ginseng chloroplasts
in view of the photosynthetic electron transport system
(PS), and to compare them with those of radish chloro-
plasts, as a sun plant.

MATERIALS AND METHODS

Plant materials. One vyear-old ginseng (Panax
ginseng C.A. Meyer) roots were grown in shade condi-
tions, where maximum light intensities were 1500,
4500, and 30,000 lux. Radish plants (Raphnus sativus L.
var. Altari) were cultivated in a greenhouse under
natural sunlight (ca. 90,000 lux). They were grown in
flower beds containing loamy sand mixed with com-
post. After 4 weeks, plants with 3-4 leaves fully ex-
panded were moved to shade condition (2500 lux) and
newly developed leaves were used for chloroplast iso-
lation.

Temperature ranged from 18°C to 30°C during
growth period. Nutrient solution was frequently ir-
rigated for radish plants. Chloroplasts were isolated
from mature leaves harvested at 9 a.m.

Chloroplast and thylakoid membrane isolation.
Chloroplasts were isolated from leaf tissues at 4 °C as
described by Yu (1987). Leaf tissues were ground in
ice-cold grinding medium (0.33 M sorbitol, 10 mM
NaCl, 0.1% BSA, 50 mM Tricine-KOH buffer, pH 7.9)
using a mortar and pestle. The brei was filtered
through 6 layers of gauze and centrifuged at 80 x g for
5 min. The pellet was discarded and the supernant was
recentrifuged at 500 x g for 10 min. The chloroplast
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pellet was resuspended in reaction medium containing
0.33 M sorbitol, 2 mM EDTA, 1 mM MgCl,, 1 mM
MnCl,, and 50 mM Hepes-KOH buffer (pH 7.6). For
the isolation of thylakoid membrane, the chloroplast
pellet was suspended in lysis buffer (10 mM Tricine-
KOH, pH 8.0, 150 mM NaCl). After centrifugation at
1500 x g for 10 min, the pellet was resuspended in
reaction medium (0.1 M sorhitol, 5 mM Na(l, 5 mM
MgCl,, 50 mM Hepes-KOH, pH 7.6), generally follow-
ing the method of Leegood and Malkin (1986).

Electron transport in chloroplasts. Rate of O,
evolution or consumption by chloroplasts was quan-
tified using a Clark-type O, electrode (Gilson, 5/6 H
Oxygraph, YS! membrane) and O, concentration in
reaction mixture at a measuring temperature was cali-
brated by the response of the electrode after addition
of solid Na,$,0, in 1 m! H,O in reaction vessel (Allen
and Holmes, 1986). One ml of reaction mixture con-
taining chloroplasts (50-70 g chlorophyll/ml) and res-
pective reagents required for photosynthetic electron
transport system (PS) was preincubated in the cuvette
for 1-2 min and measurement of O, concentration was
started with illumination by a slide projector (Kodak
Carousel 760 H) 15 ¢m apart from the cuvette. The ac-
tivity of whole-chain electron transport (PS 11 + [) was
measured as O, evolution in the presence of 0.1 mM
DCPIP and 2 mM FeCy. The activity of photosystem
I1 (PS II) was determined with 0.5 mM PD and 2 mM
FeCy. For PS I activity, O, consumption was
measured in the mixture supplemented with 0.1 mM
MV, 10 «M DCMU, 0.1 mM DCPIP, and 5 mM ascor-
bate.

0y~ production. O, production in thylakoid
membrane was followed using a modification of the
photochemical assay described by Daub and Hangar-
ter (1983). The reaction mixture consisted of thylakoid
membrane (ca. 10 #g chl.), 13 mM methionine, 63 uM
NBT, 0.1 M sorhitol, 5 mM MgCl,, 5 mM NaCl, and 50
mM Hepes-KOH (pH 7.6) in a final volume of 2 ml
The mixture in a 3 ml cuvette was irradiated by pass-
ing the beam of a slide projector through of CuS0,
solution. O,~ production (NBT reduction) was
monitored by following the increase in A at 560 nm
after every 20 sec irradiation.

RESULTS

Effect of growth light intensity on PS activity in in-
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Table 1. Effect of growth light intensity on activities of photosynthetic electron transport (PS) in intact chloroplasts of

Korean ginseng and radish plants

Growth light PS* activity Ratio
intensity 1I
(K Lux) Im+1 (umole Oyjmg chl. hr) I I/I1+1 I/I+1 11/1
1.5(LL) 13.8 30.6 30.0 2.2 2.6 1.2
(84) (88) (82)
Korean 4 .5(LL) 124 29.0 311 2.5 2.3 0.9
(76) (72) (85)
ginseng 30.0(HL) 16.4 404 36.7 2.2 2.5 1.1
(100) (100) (100}
1.1 X 23 2.5
2.5(LL) 9.8 16.7 40.3 47 1.7 0.4
Radish (70) (81) (58)
90.0(HL) 14.0 20.6 69.0 4.9 1.5 0.3
(100) (100) (100)
X 48 1.6 0.4

*11+1, I, and I: Activities of whole-chain, PS 11, and PS I, respectively. PS activity was measured at 25°C in the pres-
cence of required reagents (PS IT+1, 0.1 mM DCPIP + 2 mM FeCy; PS 11, 0.5 mM PD + 2 mM FeCy; P51, 0.1 mM
MV + 10 M DCMU + 0.1 mM DCPIP + 5 mM ascorbate). The figures in parentheses show per cent.
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Fig. 1. Temperature-dependent change in activity of photo-
synthetic electron transport system (PS) in chloroplasts
isolated from Korean ginseng and radish leaves grown under
light conditions of 4.5 klux and 90 klux, respectively. The
results were average values from 3 separate experiments. Ac-
tivity at 25°C represents 1.0. WC, Whole-chain (PS 11+ I);
PS II, Photosystem 1I; P'S I, Photosystem 1.

tact chloroplasts was shown m Table 1.

The chloroplasts of both ginseng (30 klux) and ra-
dish (90 klux) grown under high light intensity (HL)
showed higher PS activities compared to those ada-
pted to low growth light intensity (LL). The PS ac-
tivities of the LL chloroplasts decreased to around 80%
of those of the HL chloroplasts in ginseng plants. The

Table 2. Temperature-dependent change in activity ratio
between each photosynthetic electron transport system in in-
tact chloroplasts of Korean ginseng and radish

Temp. Korean ginseng Radish

O 1+l IW/I+I VT UT+1 I7I+1 151
15 14 26 19 35 2.1 0.6
20 1.6 2.8 1.8 34 1.9 0.6
25 1.6 3.1 2.0 3.5 19 0.6
30 15 24 1.6 34 1.6 0.5
35 1.3 2.3 1.8 3.7 1.4 0.4
40 1.6 1.9 1.2 5.8 1.9 04
X 15 25 1.7 39 1.8 05

reduction in PS activities of the LL chloroplasts was
more prominant in radish, as a sun plant, especially,
the 1.1 chloroplasts showed only 60% of PS I activity
of the HL chloroplasts. In spite of decrease in PS ac-
tivities under LL, the ratios between respective PS ac-
tivity were little affected by growth light intensity.
Radish chloroplasts showed higher PS I and lower P3
Il activities (PS II/PS I: 0.4) compared to ginseng
chloroplasts (PS II/PS I: 1.1).

The PS activities were measured at various meas-
uring temperature in range of 15-40°C (Fig. 1).
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Fig. 2. Effects of thermal stress on electron transport (P3)
activity in chloroplasts isolated from Korean ginseng (A, B,
C) and radish (D, E, F) leaves. Photochemical activities were
measured at 25°C., The activity at the beginning of incuba-
tion was represented as 100%. A, D: PSII + I;B, E: PSII;C,
F:PS1I.

Activities of PSII + I, PSII, and PS I at 25°C were
21.9, 69.1, and 35.0 xM O,/mg chl./hr for ginseng and
14.2, 27.4, and 50.1 oM O,/mg chl./hr for radish chlo-
roplasts, respectively. PS II activity in both ginseng
and radish chloroplasts was little changed by the
temperature in range of 15-35°C. Activities of PS
II + T (whole-chain) in ginseng and PS I in radish were
sensitively increased with the temperature increase
from 25°C to 40°C. But PS II + I activity in radish and
PS 11 activity in ginseng were inhibited at 40°C. PS I
activity in ginseng was slightly increased at high tem-
perature.

The change in ratio between each PS activity at
measuring temperature ranged from 15 °C to 40°C was
not so great than the ratio difference between two spe-
cies (Table 2), which was very prominent, i.e. high PS
II/PS T ratio (1.6) in ginseng and low ratio (0.6) in
radish, as shown in Table 1.

In order to investigate the effects of mild heat stress
on PS activity in intact chloroplasts, PS activities were
measured at 25°C after the preincubation at various
temperature during 30 min (Fig. 2).

Preincubation during 30 min in temperature range

7.6) in a final volume 2 ml. 0.5 mM DCMU or 504 M DMBIB
was added. O, production (NBT reduction) was monitored
by following the increase in absorbance (A) at 560 nm.

of 25-40°C caused little changes in PS [ activity in
ginseng chloroplasts ( Fig. 2C). Radish chloroplasts
showed rather slight increase in PS 1 activity by heat
treatment ( Fig. 2F). Activities of PS II were markedly
inhibited in both plants by heat stress of 40 °C (Fig. 2B
and E). Concomitant reduction of PS 11+ 1 activity
could be observed during the preincubation at 40°C
( Fig. 2A and D).

O, production (NBT reduction) in the thylakoid
membrane of ginseng and radish by irradiation was
shown in Fig. 3.

The amount of O, produced in radish thylakoid
membrane through Mehler reaction was much higher
than that in ginseng. The O~ generation per time unit
in ginseng decreased more rapidly under irradiation,
compared to that in radish ( Fig. 3G and R). DCMU in-
hibited completely the O, production in thylakoid
membrane of both plants. The strong inhibition of O,
production by DMBIB could be observed in ginseng.
But such inhibitive effect of DMBIB in radish was
transient in the first 40 sec irradiation period, and the
Oy~ generation was soon recovered.

DISCUSSION

Photosynthetic acclimation of the plants in natural
environments is quite limited, because the potential for
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photosynthetic acclimation is different among species
and even populations of the same species (Anderson,
1986; Berry and Bjérkman, 1980). The light intensity
under the shade in ginseng field is 4-7 klux, and the
light saturation point is about 10 klux at 20-25 °C (Lee,
1988). However, the highest photosynthesis occurs in
ginseng leaves grown under the shade of 15% trans-
mittance of natural sunlight, about 20 klux (Lee, 1988).
Under the high-light condition, severe photooxidative
damage occurs in the photosynthetic apparatus of
shade plants (Krause, 1988; Yang ef al., 1987a, b). But
the radish requires high light intensity for the growth
and does not suffer the photodamage even under the
natural sun light.

In the present study, the high-light chloroplasts of
ginseng and radish showed higher PS activities than
the low-light chloroplasts (Table 1), as reported in
other shade plants by Boardman (1977) and Bjorkman
(1981). Under 2.5 klux, the growth inhibition of radish
leaves could be discrenible, but that of ginseng could
not even under 1.5 klux. From the result that the PS 1
activity of radish chloroplasts was more decreased
under low-light growth condition than that of ginseng
chloroplasts (Table 1), it was disclosed that radish suf-
fered severely from light deficiency.

Acclimation of ginseng to the shade condition may
result in high PS II activity (high ratio of PS II/PS I:
1.1-1.6, Tables 1 and 2) for efficient light energy har-
vest (Anderson, 1986), as shown in a model of possible
organization of the photosynthetic system in sun and
shade leaves by Bjorkman (1981). That may cause the
photoinhibition and photooxidative damage under HL
condition by excessive transfer of excitation energy
from the light-harvesting pigment molecules (Kyle ef
al., 1985; Krause, 1988). But in radish, low activity of
PS II compared with that of high PS I (PS II/PS I:
0.4-0.6) may restrict excessive electron flow from PS
II even under the full sun light.

Changes in PS activities of the intact chloroplasts in
range of 15°C to 40 °C were different between ginseng
and radish (Fig. 1). Although PS II activity in ginseng
was reduced at 40°C, PS II + I activity in ginseng in-
creased with the increment of the measuring tempera-
ture from 25 °C to 40 °C. In view of the high ratio of P$
II/PS 1 (1.2 at 40°C), that might be attributed to the
slight increase of PS I activity. In radish chloroplasts,
inhibition of PS IT + I activity at 40 °C could be observ-
ed, in spite of the steady increase of PS I activity. This
suggests that the whole-chain activity of radish may be
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limited at high temperature through some other me-
chanisms.

In summer, when the early leaf fall often occurs in
ginseng fields, sun light accompanies high tempera-
ture over 38°C, which may cause leaf damage. From
the study about the effect of mild heat stress on PS ac-
tivities (Fig. 2), PS Il activity of the intact chloroplasts
was sensitively reduced in both plant species by prein-
cubation at 40°C. That accompanied the inhibition of
whole-chain activity. But PS I activity was not in-
hibited by mild heat treatment in ginseng, and rather
stimulated in radish, as reported by other investigators
(Berry and Bjorkman, 1980; Gounaries ¢f «l., 1983;
Sabat and Mohanty, 1989; Thomas ef al, 1986). They
concluded that the increase in PS I rate was associated
not only with uncoupling of chloroplasts by heat treat-
ment but also with some alteration of thylakoid mem-
brane structure, imposing change in the DCPIP H,
electron donate site and therefore ensuing an increase
of PS I catalyzed electron transport activity. From the
data, in can be suggested that high temperature may
also accelerate the photodamage in summer through
inhibition of PS II activity.

Under high-light intensity, ginseng leaves are
damaged such as photooxidative-destruction of chloro-
phyll pigments and membrane, and leaf fall (Yang ef
al., 1987a, b). Yang et al. (1989) reported that chloro-
phyll-bleaching in ginseng chloroplasts was induced by
the treatment of 'O, in reaction medium and other ac-
tive oxygens (H;0, 0,7) induced this phenomenon
under irradiation. They concluded that these active
oxygens might be the major agents causing the photo-
oxidative damage.

Although the amount of O, generated. through
Mehler reaction in thylakoid membrane under irradia-
tion was higher in radish than in ginseng, the inhibition
of O, production per time unit by irradiation was
more severe in ginseng thylakoid membrane than in
radish, when compared on a chlorophyll basis ( Fig. 3
G and R). This suggests that the electron transfer sys-
tem from PS II to PS I of ginseng thylakoid is more
susceptible to photodamage than that of radish. Con-
sidering that the NBT reduction in the reaction mix-
ture was completely inhibited by DCMU in both plants
without any chlorophyll-bleaching (Fig. 3, DCMU), the
photodamage in this experiment might be caused by
O, formed through electron flow to PS I. Moreover,
ginseng showed a sensitive inhibition of O, formation
by DMBIB treatment, which was known as a inhibitor
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of electron flow through the cytochrome by/f complex
(Sandmann and Boger, 1986 ; Allen and Holmes, 1986).
But in radish this inhibitive effect of DMBIB was com-
pletely recovered by successive irradiation (Fig. 3,
DMBIB).

From the data of the present study, it can be sug-
gested that the ginseng chloroplasts also have the
general characteristics as those of other shade plants,
such as high P51l and low PS I activities, and high sus-
ceptiblity to photodamage. Difference in DMBIB sen-
sitivity hetween both plants suggests that the bioche-
mical characters of electron flow system through cyto-
chrome bg/f complex in ginseng is different from those
in radish. Further study will be focused on the repair
system in photoinhibition and the mechanism of the
nondestructive dissipation of excessive excitation
energy in the intact chloroplasts.
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