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Ultrastructural Investigation on the Formation of
Osmiophilic Globules in Ginseng Leaf Chloroplast
by High Light
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The formation of osmiophilic globules related to the granal lysis has been investigated with
a shade plant ginseng (Panax ginseng C. A. Meyer) exposed to full sunlight. The changes of
chloroplast were examined as a function of time over 9 days under full sunlight exposure.
The ultrastructure of ginseng leaf showed swelling of the granal thylakoid during an early stage
of the light exposure. The thylakoid membrane faded and small electron-opaque dots were
aggregated on the edges of the granal thylakoid membrane when the exposure time was increased
over 1 day. Then, the shape of the grana changed into round. After the exposure over 3 days,
there appeared many osmiophilic globules with multi-lamellated concentric structure. The globu-
les at this stage were partly accumulated with osmiophilic substances. The outermost membrane
of these multi-lamellated osmiophilic globules was attached to the stromal thylakoid membrane
connecting to the deforming grana. The osmiophilic globules were elongated after 9 days. In
this stage, the multi-lamellated structure was difficult to identify due to severe accumulation
of osmiophilic substances. The number of the osmiophilic globules also increased along with
the full sunlight exposure time. This observation leads us to believe that the multi-lamellated
osmiophilic globules came from the deformation of grana.
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The root of ginseng is cultivated for medicinal
purpose under shaded conditions. Various factors
affect the growth of ginseng, of which light intensity
is the most important factor and investigated very
extensively (Park, 1980; Cheon, 1988). Exposure of
a green plant to strong sunlight can result in a se-
rious injury to photosynthetic apparatus. The expo-
sure to strong light induces photoinhibition as a
means of photoprotective responses. If shade plants
are exposed to strong sunlight, excessive photoinhi-
bition leads to photooxidation (Demig-Adams and
Adams III, 1992).

Photooxidation of chlorophyll is an external sym-
ptom of intracellular damage occurring within the
chloroplast. High light damage produces apparent
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changes on the ultrastructure and function of the
chloroplast. Changes in the chloroplast ultrastructure
are manifested by dilation of the thylakoid membra-
nes, a progressive disruption of the thylakoid strue-
ture, and increases in the number of osmiophilic
globules (plastoglobuli) within the chloroplast (Her-
nandez-Gil and Schaedle, 1973; Coloquhoun et al.,
1975; He et al., 1994). Recently, Ahn et al. (1994) have
reported that high light irradiance to ginseng leaf
can result in a significant decrease in the CP-comp-
lexes particularly in LHCII and an increase in the
number of osmiophilic globules according to degra-
dation of the lamellar structure in the grana. Many
other investigations have been performed on the ult-
rastructure of chloroplast in relation to leaf senes-
cing. Their works seem to agree that the most stri-
king feature is breakdown of the thylakoids, and the
change is associated with an increase in the size
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and/or number of osmiophilic globules (Lichtentha-
ler, 1968; Dodge, 1970; Hurkman. 1979; Tuquet and
Newman, 1980). The accumulated data indicate that
the osmiophilic globules may represent accumula-
tion ol membrane break down, and their increase
can be the most conspicuous indicator of damage
in the chloroplast structure.

Although much attention has been paid previou-
sly to the osmiophilic globules, the formation pro-
cess has not been clarified. In the present work, we
have investigated break down of grana stacks, which
15 associated with the progressive formation of the
osmiophilic globules. We¢ have paid special attention
to changes in the thylakoid membrane at initial
stage of the high light influence.

MATERIALS AND METHODS
Materials

5-years old ginseng plants were grown under sha-
ded conditions (3% sunlight, 5,000-7,000 Lux) for 2
months after emergence at the Korea Ginseng and
Tobacco Research Institute. The plants were then
exposed to [ull sunlight (100%, 120,000-150,000 Lux)
for 9 days. Samples were collected 2, 4, and § h,
1, 3 and 9 days after the full sunlight exposure, res-
pectively.

Ultrastructure

Leaves were dissected under [ixative into 1 mm?’
pieces. The tissue pieces were [iged in 3% glutaralde-
hyde in a sodiom phosphate buffer of pH 7.1 for
2 h, rinsed three times in same buffer and post fixed
in 2% OsO, for 1.5 h. The tissue blocks were dehyd-
rated in graded series of ethanol and embedded in
Spurr’s resin (Spurr, 1969). Silver sections were cut
with an LKB-V ultramicrotome and collected on
collodion coated copper grids, and then stained with
uranyl acetate and lead citrate. Sections were exami-
ned with a transmission electron microscope (JEM
100 CX-I) operating at 80 kV.

RESULTS

Chloroplast ultrastructure of ginseng leaf from co-
ntrol (5% sunlight) showed characteristic of a typical
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Figs. 1-4. Fig. 1. Eleciron micrograph for chloroplast in
control leaf. Grana stacks are densely packed. Granal and
stromal thylakoids arc clearly visible. G, grana; ST, stromal
thylakoid. Bar=0.5 ym. Fig.2. Electron micrograph obtai-
ned after full sunlight exposure for 2 h. Thylakoid memb-
ranes begin to swell. Bar=0.5 pym. Fig. 3. Electron microg-
raph obtained after 4 h exposure. Thylakoid membranes
are turning fade. Bar=05 pym. Fig 4. Electron micrograph
obtained after 8 h exposure. Small clectron-opaque dots
are aggregated on the edges of fading grana stacks. OMG,
osmiophilic multi-lamellaled globule. Bar=0.5 um.

shade plant. The chloroplasts possess typical well-
developed granal and stromal thylakoids, which are
generally oriented parallel to the long axis of the
chloroplast. Granal thylakoids and the interconnec-
ting stromal thylakoids are clearly visible (Fig. 1).

In contrast to control plants, leaf exposed to full
sunlight for 2 h to 9 days showed a sequence of
ultrastructural changes. When the leaf was exposed
to full sunlight for 2 h, the membranes of granal
and stromal thylakoids began to swell, although the
internal membrane network was still intact (Fig. 2).
With the exposure over 4 h, the lamellar system no
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longer resembled the elaborate internal membrane
systcm typical of mature chloroplast. Grana stacks
were turning faded, having a disoriented lamellar
system with the granal and stromal thylakoid beco-
ming slightly swollen (Fig. 3). With the exposure
over & h, changes in the ultrastructure were very co-
nspicuous. Small electron~opaque dots were aggre-
gated on the external surface of fading grana stacks,
and the shape of grana stacks changed into round
(Figs. 4, 5). With the exposure over 1 day, osmiophi-
lic globules were enlarged to the size of adjacent
grana. It was possible to find the early formation
of some multi-lamellated osmiophilic globules with
the accumulation of osmiophilic substances on the
edge from the deforming grana (Fig. 6, arrow). With
the exposure over 3 days, osmiophilic substances
were partly accumulated inside of the multi-lamella-
ted osmiophilic globules. The most important feature
was that stromal thylakoid membrane joined the
outermost membrane of the multi-lamellated osmio-
philic globules to deforming grana (Fig. 7, arrows).
The multi-lamellated osmiophilic globules were very
similar in size with adjacent deforming grana stacks.
When the exposure was increased over 9 days, the
multi-lamellated osmiophilic globules were almost
{illed with osmiophilic substances. Much electron-
opaque osmiophilic substances were densely accu-
mulated on the edge of the fading grana stacks (Fig.
8). Although inside of the osmiophilic globules were
almost filled with osmiophilic substances, the lamel-
lar structure was still identified (Fig. 8, arrow).

The chloroplast from control had well developed
grana stacks and few small osmiophilic globules ra-
nging from 66 to 106 nm in size. The number of
the osmiophilic globules increased gradually with
the full sunlight exposure time (Figs. 9a. 9b, 9¢, 9d).
With the exposure over 9 days, osmiophilic multi-
lamellated globules were not observed owing to full
accumulation of electron~opaque substances. The
size of the globules increased to 396-462 nm (Fig.
9d).

Fig. 10 shows variation in the number of osmio-
philic globules per um”® in the chloroplast as the 100
% sunlight exposure time increased from 2 h to 9
days. The number of the osmiophilic globules sho-
wed a general increase with respect to the light ex-
posure time. A deviation at 3 days from the general
trend could be due to statistical fluctuation.
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Figs. 5-8. Fig 5. Flectron micrograph obtaincd after 8 h
exposure. Osmiophilic multi-lamellated globules begin to
form with the accumulation of osmiophilic substances on
the edge. Bar=0.5 pm. Fig. 6. Elcctron micrograph obtai-
ned after 1 day exposure. Osmiophilic multi-lamellated
globules are developed, compared with Fig. 5. Bar=0.5
um. Fig. 7. Electron micrograph obtained after the exposure
for 3 days. Osmiophilic substances arc partly accumulated
inside of osmiophilic multi-lamellated globules. Stromal
thylakoid membranes are connected with the outcrmost
membranes of osmiophilic multi-lamellated globules (ar-
rows). Bar=03 um. Fig.8 Electron micrograph obtained
after the exposure for 9 days. The osmiophilic multi-lame-
lated globules are almost filled with osmiophilic substan-
ces. and much electron-opaque osmiophilic substances are
denscly accumulated on the edge of the (ading grana sta-
cks. Bar=0.5 um.

DISCUSSION

High light stress is generally injurious to plants
and. in particular. affects chloroplast. Photosynthetic
activity decreases as a result of the stress. The struc-
ture of thylakoids. as well as the amount and ratio
of chlorophylls, changes (Valanne, 1977). Osmiophi-
lic globules begin to appear in chloroplast, and the
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Fig. 9. Electron micrographs show that the number of os-
miophilic globules increases with the light exposure timc.
OG, osmiophilic globule: N, nucleus: (a) conirol, (b) 1 day,
(c) 3 days and (d) 9 days. Bar=1 um.
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Fig. 10. The number of osmiophilic globules increases with
the full sunlight exposure time.
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formation has been connected with breaking of thy-
lakoids (Aro and Valanne, 1979). Typical changes
in the chloroplast ultrastructure during leaf senesce-
nce showed that the formation of osmiophilic globu-
les (plastoglobuli) was the most common and cons-
picuous change (Lichtenthaler, 1968; Dodge, 1970;
Hurkman, 1979; Tuquet and Newman, 1980). It is
now well recognized that both the leaf senescence
and high light bring about similar patterns of seque-
ntial changes in the chloroplast ultrastructure. The
most remarkable rorphological changes in chlorop-
last by high light are disappearance of thylakoids
and increase in the number and size of osmiophilic
globules (Aro and Valanne, 1979; Ahn et al,, 1994).

The osmiophilic globules are osmiophilic and
spherical bodies observed in stroma of chloroplasts.
Normal chloroplasts have few osmiophilic globules.
However, the globules increase in number and size
as thylakoids are degraded during leal senescence
(Harris and Amot, 1973; Simpson et al, 1978). Tt
is thereforc assumed that the osmiophilic globules
have a function connected with thylakoid formatiorn
or breakdown (Tevini, 1977; Harris and Arnot, 1978).
Osmiophilic globules may serve as pools for storage
of thylakoid constituents especially of lipids. The co-
mplete composition of osmiophilic globule, however,
is still unknown. Lichtenthaler (1968) has suggested
that osmiophilic globules can be reservoirs for the
excess lamellar lipids and especially for plastoqui-
nones and esterilied carotenoids which are not deco-
mposed after breakdown of membranes in senescent
chloroplast. Thi and Silva (1977) have believed that
the osmiophilic globule is composed of proteins or
lipids since the globule is formed from chloroplasts
at the last stage of degradation and rcacts with li-
pase, protease and phospholipase. Steinmiiler and
Tevini (1985) have suggested that glycolipids and
proteins, the main constituents of thylakoids, do not
play an important role in osmiophilic globule meta-
bolism, are extensively degraded during senescence,
but not stored within osmiophilic globule. However,
carotenold esters, prenyl quinones and fatty acids
are deposited into osmiophilic globule. Ahn (1994)
has reported that LHCII, the main thylakoid memb-
rane protein, is not distributed in osmiophilic globu-
les, using immunogold labeling of LHCII in chloro-
plast. These results indicate that the constituents of
osmiophilic globules are lipids rather than proteins.
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There are two groups of osmiophilic globules in
chloroplast. The osmiophilic globules are observed
throughout early development to the mature stage
of chloroplast. The size of globules from control is
66-106 nm. However, the size has increased to 393-
462 nm after sun light exposure in the present inves-
tigation. The difference of size indicates that the os-
miophilic globules with a multi-lamellated structure
forming with high light irradiance have a different
origin. compared with the osmiophilic globules from
control.

The osmiophilic globule with a multi-lamellated
structure has been observed first in the present work.
In the chloroplast of control, one granum is connec-
ted to another by stromal thylakoids. In photodama-
ged chloroplast, on the contrary, a deforming gra-
num is connected to the outermost membrane of
multi-lamellated osmiophilic globule by stromal th-
ylakoids (Fig. 7, arrows). This difference leads us
to suggest that the osmiophilic multi-lamellated glo-
bule comes from the deforming grana. In addition,
the grana degradation progresses as the ginseng leaf
is exposed to sunlight. The number and size of the
osmiophilic globules increase along with the granal
degradation (Figs. 9, 10). The accumulation of os-
miophilic substances also increases with the sunlight
exposure (Figs. 5-8). Eventually, at the final stage
of the granal destruction, the lamellar structure is
difficult to identify (Fig. 8). From all these results,
we believe that the osmiophilic globules are formed
from degraded grana stacks, and the osmiophilic su-
bstances in the globules come from the breakdown
ol the granal lipids.
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