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Changes in Chloroplast Ultrastructure and
Thylakoid Membrane Proteins by High Light
in Ginseng Leaves
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Ultrastructural changes in Panax ginseng C. A. Meyer mesophyll chloroplasts and variation
of thylakoid membrane proteins in responce to the light intensity were studied in leaves of
two-y-old plants exposed to two different light intensities under field conditions. The leaves
were allowed to function for three months after emergence under two contrasting light conditions.
The ginseng chloroplasts of 5% light were filled with highly stacked grana of condensely arrayed
thylakoids, so that the stroma space was hardly observed. In contrast, chloroplasts from leaves
at 100% sunlight had fewer thylakoid membranes and smaller grana stacks. The number of
osmiophilic globules increased. Total Chl content and Chl b content were lower at 100% sun-
light than 5% sunlight. The thylakoid membrane proteins in the leaves grown at 100% sunlight
showed lower CPla, LHCI* and CP29 than those with 5% sunlight. This effect was most
obvious for LHCII*. Polypeptides showed major bands at 90, 64, 29-30, 22 and 14 kD, and
minor bands at 59, 58, 54, 52, 49, 46, 44, 35, 23, 21 and 18-19 kD. All these bands were
lower in intensity in the leaves exposed to 100% sunlight. Moreover, the bands at 58-59, 46-

47 and 23 kD disappeared.
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Panax ginseng C. A. Meyer is a perennial herb
in the family Araliaceae. The plant is cultivated for
medicinal purposes under shaded conditions. While
various flactors affect the growth of ginseng such as
light intensity, temperature, soil water content, etc.,
light intensity is the most important factor that has

been investigated most extensively. Root growth of

ginseng decreases under light intensities below 3000
luces duc to slow assimilation. However, if the light
inlensity is too high, chlorophyll is damaged and
this also lecads to a decrease in the photosynthetic
activity (Cheon, 1989). Thus, the light intensity and
quality are important growth factors that affect the
photosynthesis rate directly and also indirectly
througth causing changes in the granum structure,
the composition of chlorophyll-protein complexes
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and the composition of the thylakoid membrane
proteins (Degreef er al., 1971; Bushmann er al., 1978).

Previous work on the influence of the light inten-
sity on the chloroplast structure has been carried
out mostly for sun plants. These studies suggest that
high light intensity causes chloroplast structural
changes. These include dilation of the thylakoid
membrane, decrease in the number and size of
starch grains and increase in the number of osmio-
philic globules within the chloroplast (Hernandez-
Gil and Schaedle, 1973; Coloquhoun er af., 1975).

It is generally accepted that high light influences
the structure of CP-complex and the chlorophyll
content of leaves (De la Torre er al. 1990). The leaf
senescence induced by high light intensity results
in a decrease in the concentration of proteins that
are involved in photosynthesis, such as ribulose-1,5-
bisphosphate carboxylase/oxygenase (rubisco), light
harvesting chl-protein complex (LHCP), cyt b/f com-



286 Joung Sook Ahn er al.

plex and ATP synthetase (Leong and Anderson,
1984; De la Torre and Burkey, 1990; Mae er al., 1993).
In particular, the decomposition of the CP-complex
coincides with chlorophyll decomposition, which
can be identified by the changes in leaf colour from
green to yellow (Hilditch er al., 1989). Park (1980)
has reported that Chl content decreases while Chl
a/b ratio increases when ginseng leaves are exposed
to high light intensity. Yang er al. (1987) attributed
the ginseng leaf-tissue damage, that occurs during
leaf-exposure to direct sunlight over a long period,
to the photooxidation of chlorophyll.

Previous studies on the effects of high light on
the ultrastructure of chloroplasts are mostly focused
on leaf senescence with sun plants (Hernandez-Gil
and Schaedle, 1973; Coloquhoun et al, 1975; Lee
et al., 1982). Very few studies have been performed
on the effect of high light intensity on the chloro-
plast structure and the thylakoid membrane proteins
in shade plants leaves, and no such work on ginseng
has been reported.

In the present study, ginseng leaves of plants
grown in the field at 5% sunlight (5000-7000 luces)
exposure were compared with those grown at 100%
sunlight (12,000-15,000 luces). Thus the effect of high
light intensity on PSII has been investigated from
the viewpoint of chloroplast ultrastructure and the
thylakoid membrane proteins.

MATERIALS AND METHODS
Materials

Two-year old ginseng (Panax ginseng C. A. Meyer)
plants were allowed to function for 3 months after
emergence at 5% (5000-7000 luces) and 100% (12,000~
15,000 Iuces) sunlight intensities under field condi-
tion at the Korea Ginseng and Tobacco Reserch
Institute (Fig. LA, B).

Ultrastructure

Leaves were dissected under fixative into 1 mm?
pieces. Tissue pieces were fixed in 4% paralormalde-
hyde-5% glutaraldehyde in sodium phosphate buffer
(25 mM, pH 7.1) for 2 h, rinsed three times in same
buffer and post fixated in 2% OsOq4 for 1.5 h. The
tissue blocks were dehydrated in a graded series of
ethanol and embedded in an Epon-Araldite mixture.
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Fig. 1. Two-y-old ginseng leaves grown for 3 months after
the emergence: A, under normal exposure (5% sunlight);
B. under full sunlight exposure (100%).

1009 light

Silver sections were cut with an LKB-V ultramicro-
tome and collected on collodion coated copper grids,
and then stained with uranyl acetate and lead citrate.
Sections were examined with JEOL JEM 100 CX-
I transmission electron microscope at 80 kV.

Isolation of thylakoid membranes

Ginseng leaves (2 g) were homogenized in a chil-
led porcelain mortar with 30 mL medium containing
0.33 M sorbitol, 2 mM EDTA, 1 mM MgCl, 1 mM
Na,P-0O; and 50 mM Hepes-NaOH (pH 6.9). Ribu-
lose 1,5-bisphosphate carboxylase and other soluble
proteins were removed with three 10 mL washes with
10 mM Na,P;O-HCl (pH 74), (ollowed by three
washes with 0.3 M sucrose, 2 mM tricine (pH 7.0)
to remove coupling factor.

Isolation of Chl-protein complexes

Undenaturated chlorophyll protein  complexes
were resolved by a modification of Camm and
Green’s method (1980) with the addition of the pro-
tease inhibitors, 5 mM s-aminocaproic acid and 1
mM benzamidine-HCI to all buffers. [solated thyla-
koid membranes were washed twice with 2 mM Tris-
maleate buffer (pH 6.8) and then suspended in 300
mM octylglucoside in the same buffer to give a de-
tergent (octylglucoside)/Chl ratio of 20: 1 and stirred
for 5 min at 4C . The solution was then diluted with
2 vol. 40% glycerol in Tris-maleate (pH 8.0).



September 1994

Electrophoresis

Nonsoluhilized material was removed by centrifu-
gation at 10,000 g for 30 min. The supernatant was
loaded directly on to SDS-polyacrylamide gels (10%
separating, 4% stacking) Laemmli (1970) and electro-
phoresis was done at 20 mA for 4 h in the dark
at 4C.

Spectroscophy

Gels were stained with coomassie blue and then
destained. Spectra ol CP-complexes were determined
using Beckman DU-7 spectrophotometer and the
stained gels were scanned with LKB laser densito-
meter.

Chl determination

Chl content and the Chl a/b ratio of fresh lcaf
discs were determined by extraction of pigment with
80% acetone for 1 wk according to the method of
Arnon (1949). Chl concentration of Chl-protein com-
plexes was determined in 80% acetone using a Shi-
matzu UV-190 spectrophotometer (Arnon. 1949).

RESULTS
Changes in the chloroplast ultrastructure

The ginseng lcaves grown under 5% sunlight (Fig.
1A) were dark green color. In contrast, leaves grown
under 100% sunlight (Fig. 1B) were small and yellow-
ish green color. The surface of these leaves was
rough compared with the leaves grown under 5%
sunlight.

Chloroplast ultrastructure of ginseng leaves at 5%
sunlight was characteristic ol that of a typical shade
plant. Almost the entire vol. of the chloroplast was
occupied by large well developed grana stacks, and
thus there was a drastic loss in the stroma vol. com-
parcd with sun plants (Fig. 2). Some chloroplasts
containcd many large starch grains, and except for
these starch grains, the chloroplast was filled with
well developed grana stacks (Fig. 3). Moreover, the
chloroplast contained few, small osmiophilic glob-
ules which might be lipid bodies (Figs. 2 and 3).

In the ginseng leaves exposed to 100% sunlight,
the thylakoids decreased dramatically and the
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Fig. 2. Electron micrograph of mesophyll chloroplast from
5% sunlight grown plants showing extended grana stacks,
high membrane density and decreased stroma vol. Bar=1
.

Fig. 3. Electron micrograph ol mesophyll chloroplast ob-
tained from 5% sunlight shows the grana stacks and large
starch grains. Bar=1 um.

stroma vol. increased (Fig. 5). The starch grains dis-
appeared or the number decreased. Both the size
and the mamber of osmiophilic globules increased
(Figs. 4 and 5). Some of the thylakoids were degrad-
ed and faded (Fig. 4).

Changes in the thylakoid membrane proteins

Six CP-complex bands were obtained when the
thylakoid membranc proteins from the ginseng leav-
¢s shown in Fig. 1A and B were separated by DSD-
PAGE under non-denaturing conditions. According
to the nomenclature by Camm and Green (1980),
these complexes can be classified as CPIa (reaction
center of PSI), CPI (Pxe-chl a protein of PSI), LH-
CII* (oligomeric light harvesting chlorophyll protein
complex of PSII), CPa (reaction center of PSII),
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Fig. 4. Electron micrograph of mesophyll chloroplast ob-
tained from plants grown in 100% sunlight shows nume-
rous osmiophilic globules and indication of thylakoids ly-
sis (arrow). Bar=1 um.

Fg. 5. Electron micrograph of mesophyll chloroplast ob-
tained from 100% sunlight shows that grana stacks have
decreased whilc the osmiophilic globules have increased.
Bar=1 um.

CP29, CP27 and CP24 (Fig. 6A, B). Leaves from
both 5 and 100% sunlight condition gave the same
green bands which were separated into identical
molecular weight proteins. Gel scanning al 675 nm
indicated that the exposure of the ginseng leaves to
100% sunlight led to significant decreases in the CP-
complex band intensitics for CPla, LHCII*, CPa
and CP29 (Fig. 6B). The band intensity change for
LHCII* was greatest.

SDS-PAGE of the leaf sample obtained under 5%
light condition gave major polypeptide bands esti-
mated to be 89, 65, 29-30, 22 and 14 kD, and minor
bands at 59, 38, 54, 52, 49, 46, 44, 35, 23, 21 and
18-19 kD (Fig. 7A, B). However, the bands at 58-59
kD, 4647 kD and 23 kD polypeptides were absent
in the SDS-PAGE of the 100% light-exposed sample
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Fig. 6. Densitometric scans of CP-complex separated by
mild SDS-PAGE of octylglucoside-solubilized thylakoid
membranes for 2-y-old ginseng leaves grown for 3 months
after emergence: A, under 5% sunlight; B, under 100% sun-
light exposure.

(Fig. 7B).
Changes in the Chl content and Chl a/b ratio

Compared with the ginseng leaves grown with 5%
sunlight, the leal sample obtained with 100% sun-
light showed low concentration of both Chl a and
Chl b. However, the Chl a/b ratio was higher in
the case of 100% sunlight-exposed leaves than the
leaves grown at 5% sunlight (Table 1).

DISCUSSION

When plants are exposed to different light irradi-
ance, acclimation of their photosynthetic systems to
the new environment follows in various ways. The
Chl a/b ratio differs according to light intensity. The
electron transport capacity and the proportion of
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Fig. 7. Thylakoid membrane polypeptides separated by
SDS-PAGE of SDS-solubilized thylakoid membranes
[rom 2-y-old ginseng leaves grown for 3 months after emer-
gence: A, under normal exposurc (5% sunlight); B, under
full sunlight exposurc (100%). The peaks are identified as
follows: 1, 99 kD; 2, 89 kD: 3, 65 kD; 4, 39 kD; 5, 58
kD; 6, 54-55 kD; 7, 53 kD; 8, 49-50 kD; 9, 4647 kD: 10,
44-45 kD 11, 35-36 kD:; 12, 29-30 kD; 13, 23 kD; 14, 22
kD:; 15, 21 kD; 16, 18 kD; 17, 16 kD; 18, 14 kD.

Table 1. Chl a, b content and Chl a/b ratio of 2-y-old
ginseng leaves grown under normal (5% sunlight) and full
sunlight (100%) cxposure for 3 months after emergence,
respectively

Light intensity u
%) Chl a

5 250+ 005 091£0.01 3411006 274+ 0.04
100 1332016 045+ 0.05 1.7820.20 299+ 0.06

“mg/g fr wt,

Chl b Total Chl* Chl a/b

chloroplast vol. occupied by the thylakoids and
stroma respectively also differ. The content of thyla-
koid membrane proteins, particularly LHCII is
closcly related to the light irradiance (Melis and
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Harvey, 1981; Hoyer-Hansen et al., 1988).

High light intensity produces distinctly different
effects on the ultrastructure and function of chloro-
plast. The chloroplasts are sensitive to the light ir-
radiance and the symptoms of high light irradiance
to plant leaves are usually expressed first in the
chloroplasts. The color of the leaf changes from
green to yellow. Changes in the chloroplast ultras-
tructure include loss of starch grains, disappearance
of plastid ribosomes, dilation of thylakoids and loss
of the chloroplast envelope (Hernandez-Gil and
Schaedle, 1973; Coloquhoun et al., 1975).

The appearance of large osmiophilic globules
within chloroplasts is the most conspicuous indica-
tor of the changes due to high-light irradiance (Har-
ris and Arnott, 1973; Simpson and Lee, 1975). Al-
though much attention has been paid to the forma-
tion of the osmiophilic globules, the detailed mecha-
nism has not been clarified. Harris and Amott (1973)
have suggested that the osmiophilic globules are
plastosomes with suborganelles which are released
into the cytoplasm. Thi and Silva (1977) believed
that the osmiophilic globule is composed of protein
or lipid since the globule is formed from chloroplasts
at the last stage of degradation and reacts with li-
pase, protease and phospholipase. It has also been
reported that the color change taking place during
the ripening of fruit or seed occurs because the ch-
loroplast is transformed into a chromoplast due to
a dramatic increase in the number of osmiophlic
globules and degradation of the lamella structure
in the grana (Thomson, 1966; Kim and Kim, 1984).
Thomson (1966) believed a more direct linkage bet-
ween the formation of osmiophilic globules through
the breakdown of lipoprotein membrane. Ben-David
et al. (1983) have shown that the lipid composition
in the thylakoid membrane changes along with the
morphological changes in chloroplasts, which bring
about a decrease in the rate of photosynthetic acti-
vity. The present work shows a very conspicuous
increase in the number of osmiophilic globules
along with the granal lysis due to high light irra-
diance to ginseng leaves (Figs. 4 and 35). Thus, it
is a reasonable assumption that the increase of os-
mioplic globules is closely related to the granal lysis
and the osmiophilic substances in the globules may
come from the breakdown of the grana.

Proteins of thylakoid membrane can be classified
into four groups. PSI proteins such as CPI and
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LHCI belong to the first group. PSII proteins such
as LHCII, CP47, CP43, CP29, CP27 and CP24
belong to the second, and these participate in the
absorption and transfer of the proton energy to
the phtosynthetic reaction centers (Pro, Peso). Cyt be/f
complex is included in the third group. This com-
plex operates electron transfer from H,O to NADP,
between. PSI and PSII. ATP synthetase belongs to
the last group (Bassi et al, 1987; Olive and Vallon,
1991). In contrast to sun plant, shade plant leaves
have a low capacity not only for photosynthetic elec-
tron transport but also for the photoprotection
through the dissipation of excess light. If shade
plants are exposed to excessively high light intensity
above their capacity, a decrease in the efficiency of
photosynthetic energy conversion takes place as a
means of photoprotection prior to the photoinhibi-
tion. It is generally accepted that photoinhibition
adversly affects the function of PSII and it is mani-
fested as lowered rates of electron transport and oxy-
gen evolution. The photoinhibition can results not
only from some form of damage to PSII but also
from an increase in thermal energy dissipation. The
PSII damage can result in inactivation of the photo-
chemical reaction center of PSII or decreased trans-
fer of the excitation energy to PSII (Demmig-Adams
and Adams, 1992).

In the present work, high light irradiance of gin-
seng leaves resulted in a decrease of the CP-com-
plexes. In particular, there was a conspicuous de-
crease of LHCIL. SDS-PAGE of the thylakoid
membrane proteins also showed a decrease in the
polypeptides concentration due to high light inten-
sity. Along with the decrease of CP-complexes, the
decrease of these light harvesting polypeptides indi-
cates a significant loss in the photosynthesic efficie-
ncy since such a decrease of light harvesting proteins
in PSII can reduce the efficiency of transler in PSII
through photoinhibition. The disappearance of
58-59, 4647 and 23 kD peaks is particularly notewo-
rthy, Since the 58-59 kID polypeptide is known as
CF, protein (Olive and Vallon. 1991), ATP synthesis
is believed to be affected by irradiation with the high
light intensity. The 23 kD polypeptide is known to
participate in oxygen evolution (de Vitry ef al., 1989),
and the disappearance scems to be affected in the
oxygen evolution function. The function of 46-47 kD
polypeptide has not yet been clarified and then re-
quires further work. As shown in Table 1, the gin-
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seng leaves grown in 100% sunlight irradiance con-
tained less Chl than the leaves grown in 5% sunlight.
The Chl a/b ratio of the sample obtained with high
light irradiance was higher. This results indicate the
total Chl content dccreased due to the high light
irradiance, and Chl b is more casily damaged by
the light than Chl a, in good agreement with the
previous result obfained by Park (1980). Since Chl
b is mainly distributed in LHCII (Di Paolo et al,
1990) the decrease of Chl b seems to be closely rela-
ted to a decrease of LHCII in thylakoid membrane.
Moreover, since LHCII is distributed mainly in
grana, the decrease of LHCI is closely related with
the granal lysis in ginseng leaves.

From the above results, it is belicved that the ex-
posure of a shade plant ginseng to strong sunlight
leads to a process resulting in a loss of a light harves-
ting protein LHCII in PSII, and thus the strong light
intensity affects most remarkably PSII in the photo-
synthetic system. These results agree with a signifi-
cant decrease in the activity of PSII reaction center
when shade plants are exposed to high light (Dem-
mig-Adams and Adams, 1992).
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