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As the previous paper’®, for the development of
rice plastids, light and temperature are important
environmental factors. Effect of light on the ultras-
tructural development of plastids have been stud-
ied in detail®'*?%. On the other hand, only a few
information is known about the effects of tempera-
ture, above all low temperature on the plastid
development'5272% although a number of studies
have been reported about the effects of tempera-
ture on the photosynthesis of many higher plants
including rice'%222% Most ol studies on the effects
of low temperature on plastids deal with the
alterations of thylakoid membrane lipids and
cold

during cold-hardening® 1424,

3,7,9,10)
)

proteins
acclimation’ and freeze-thaw  cycle®  of
young or mature chloroplasts. Low temperature is
able to inhibit the chloroplast development in
chilling-sensitive plants such as maize?® and
sorghum?®, Huner et al. showed that rye at cold-
hardening temperature had a significant effect on
thylakoid membrane ultrastructure and pigment
content’¥. Rye chloroplasts grown at low tempera-
ture also accumulated more plastoquinone and
plastoglobuli than warm-grown rye chloroplasts'".
However, nothing is known about the effect of low
temperature on the early stage of plastid develop-
ment. In the present paper, the effect of low
temperature on the ecarly development of rice
plastids was comparatively studied using three rice
cultivars of different chilling resistance with special
reference to the {ormation of weak-light prolamel-

lar bodies (w-PLBs).
Materials and Methods

Seeds of three rice cultivars, Oryza sativa L. cv.
Bouzu, Honenwase and IR 8 were soaked in
distilled water for 3h, sown on the sheets of

moistend cotton and grown in the dark at 20°C.
Cold resistance of Bouzu, Honenwase and IR 8 is
high, medium and low respectively. It took 10
days for Bouzu, 11 days for Honenwase and 15
days tfor IR 8 to grow up to 7 cm of third leaf
length. And then the plants were greened under
fluorescent lamp of light intensity 5.5 or 4.3 W/m?
at 20°C. The greening level of leaves was classified
as in the previous paper'®), expressing with the
term of Color Index (CI) from () (greenless) to 8
(deep green). To greening up to CI-8, it took 4
days for Bouzu and 5 days for Honenwase and IR
8. Upper parts than one third of third leafl were
used as materials. The green leaves of C1-2, 4, 6,
and 8 were prepared for electron microscopy by
the conventional methods used in the previous
paper, and examined with the H-300 electron
microscope. More than 100 plastids on each sam-
ple were observed to calculate the rate of plastids
having Prolamellar bodies (PLBs) or w-PLBs.

Results

Fig. 1 shows a etioplast in dark-grown IR 8 leaf
for 15 days at 20°C, in which a prolamellar body
(PLB) is visible as the paracrystalline structure
and prothylakoids are going to extend from it.
Starch grains are also contained in it. Figs. 2-5
show young plastids in IR 8 leaves on the way of
greening under 5.5 W/m? light at 20°C. In plastids
of CI-2 leaf, primary thylakoids with small grana
thylakoids are formed, but PLB was already
disappeared (Fig. 2). At this stage of greening,
PLBs were observed in only 79 of plastids
examined (Table 1). Plastids in CI-4 leaf include
grana thylakoids consisting of 2-3 layers, but no
plastids containing PLB (Fig. 3). Figs. 4 and 5
show the plastids in leaves of CI-6 and 8 respec-
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Explanation of Figures (Figs. 1-5).

Fig. 1. A etioplast in third leaf of dark-grown IR 8 at 20°C for 15 days. Figs. 2-5.
Plastids in IR-8 leaves greened under 5.5W/m? light at 20°C. The greening levels of Figs.
2,3, 4 and 5 correspond to CI-2, 4, 6 and 8 respectively. Length of all bars shows 1xm.
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Explanation of Figures (Figs. 6-10).
Fig. 6. Etioplasts in third leaf of dark-grown Honenwase at 20°C for 11 days.

Figs. 7-10.

Plastids in Honenwase leaves greened under 5.5W/m? light at 20°C. The greening levels
of Figs. 7, 8, 9 and 10 correspond to CI-2, 4, 6 and 8 respectively. Length of all bars shows

lym.
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Explanation of Figures (Figs. 11-13).
Figs. 11 and 12. Plastids in Bouzu leaves greened up to CI-4 and 8 respectively under 5.5 W/

m? light at 20°C.  Fig. 13. A plastid in IR 8 leaf greened up to CI-6 under 5.5 W/m? at
26°C. Length of all bars shows 1zm.

tively. Grana thylakoids were composed of the
stacks of 4-5 layers, but no PLBs were observed
and starch grains were lost now. The structural
changes of plastids in IR 8 leaves under 4.3 W/m?
light at 20°C were closely similar to them under 5.5

W/m? light at 20°C. Characteristic was to contain
the aggregates of osmiophilic plastoglobuli in the
plastids of IR 8 leaves. There were very small
number of plastoglobuli or no one on the early
development of plastids. Thus, PLBs in plastids of
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IR-8 leaves disappeared at the early stage of
plastid development and were not reformed
through the subsequent development under both
light intensity 5.5 and 4.3 W/m? (Table 1). The
peripheral reticula are observable with increasing
clearness with the progress of plastid development.

Fig. 6 shows the etioplasts in dark-grown
Honenwase leaf for 11 days at 20°C. The etioplasts
include PLBs of paracrystalline structure as simi-
lar as those of IR 8 and starch grains. However,
starch grains were rapidly disappeared at the
early stage of plastid development. Figs. 7-10
show the young plastids in Honenwase leaves in
process of greening under 5.5 W/m? light at 20°C.
Fig. 7 shows a plastid of CI-2 leaf, in which the
flabby structure of PLB and the perforated thyla-
koids protruding from it are observed. At this
stage of plastid development, PLBs lie in 729 of
plastids examined (Table 1). In the plastids of
CI-4 leaf, grana thylakoid stacks of 2-3 layers and
w-PLBs also were observed (Fig. 8, arrow). Fig. 9
shows plastids in CI-6 leaf in which w-PLBs are
clearly observable. As the greening level makes
progress, w-PLBs increased in number still more,
and were observed in 559§ of plastids examined
(Table 1). Fig. 10 shows a plastid in CI-8 leaf.
The plastid includes the stacks of grana thylakoid
consisting of 5-6 layers and several w-PLBs
(arrow) which lie in 579§ of plastids observed.
Thus, when the etiolated leaves of Honenwase
were placed under light intensity 5.5 or 4.3 W/m?
at 20°C, w-PLBs were formed in the plastids with
the progress of leaf greening. A small number of
plastoglobuli was visible at the area of PLBs.
There were the peripheral reticula though the
plastid development.

Fig. 11 shows a plastid in CI-4 leaf of Bouzu
under 5.5 W/m? light at 20°C. The w-PLBs were
observed in 419§ of plastids examined. In CI-8
green leaf of Bouzu, w-PLBs were included in

969, of plastids examined (Fig. 12). Whereas,
during the greening of IR 8 etiolated leaf under
5.5 W/m? at 26°C, w-PLBs in CI-6 (Fig. 13) and
CI-8 leaves were observed in 529§ and 639 of
plastids examined respectively. These values are
similar to the rate of w-PLBs in Honenwase
plastids under 5.5 W/m? light at 20°C. A small
number of plastoglobuli and peripheral reticula
were observed in the vicinity of PLBs in Bouzu
plastids.

Discussion

The present study dealt with the effects of cold
acclimation on the early stage of rice plastid
development. Most of studies on the effects of
chilling stress on plastids are concerned with the
alterations during acclimation or hardening of
young or mature chloroplasts. Concerning the
effects of chilling on the early development of
plastids there was no study. From the present
study, it was shown that there were three common
features in the effects of chilling treatment on the
plastid structure regardless of the developmental
stage ; the alterations of membrane system includ-
ing PLBs, increase of plastoglobuli and rapid
disappearance of starch grains.

Though the PLBs formation in rice cultivars
was affected by chilling treatment dependng on
their cold resistance, the thylakoid membranes of
young or mature chloroplasts also were injured by
cold treatment as indicated by the following
reports. Cold resistant potato species had fewer
thylakoids appeared swollen and irregular under
cold temperature®. The acclimation to cold stress
takes place over the entire temperature range in
which chloroplast development is possible,
although at low temperature (2-5°C) chloroplast
biogernesis was inhibited?”. The lamellar structure
of chloroplasts in the C;- and C;- pathway plant
leaves underwent ultrastructural disruption under

Table 1. Rate of plastids including PLB or w-PLBs
during the plastid development at 20°C.

Light Color Index
Cultivar  intensity  (thylakoid number in a granum)
(W/m?) 2(1-2) 4(2-3) 6(3-4) 8(6-7)
IR 8 5.5 7% 0% 0% 0%
4.3 33 6 0 0
Honenwase 5.5 72 6 55 57
4.3 70 69 63 72
Bouzu 5.3 61 41 56 96
4.3 73 70 61 92
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moderate light intensity (170 W/m?) at low tem-
perature (10°C) for a day?®. Rye chloroplast
ultrastructure was affected by growth at low tem-
perature as indicated by smaller grana stacks'?.

It appears that numerous alterations take place

in the thylakoid membranes and stroma during
acclimation to cold stress even though no mor-
phological change of membranes is visible ; con-
formational changes of RuBPCase!®, one size
group of particles on inner fracture face of cold
acclimated thylakoids™%| release of plastocyanin
and coupling factor from thylakoids®, and
absence of 51 Kilodalton polypeptide in cold
hardened thylakoids'® have been reported. How-
ever, there were no significant differences in the
lipid composition and level of unsaturation of faty
acids between plastids from warm-and cold-grown
Pisum Satioum®.
To clarify the reason of PLBs formation in etio-
plasts is indispensable to analyse their chemical
composition. There are some differences between
PLBs and thylakoid membranes on both the
major components and minor materials'®. It is
plausible that to transform PLBs to thylakoid
membranes are required the essential components
which their biosynthesis are accelerated by a
trigger of high light intensity.

The lipid composition of etioplasts is not very
different from that of the thylakoid membrannes,
and the presence of non-phytylated pigments is
not a prerequisite for the formation of PLBs'®. So
that, it seems that the transformation of PLBs to
thylakoid membranes might be largely dependent
on the presence of proteinous materials. It is well
known that plastoglobuli contain verious lipidic
materials. When the plants, Hordeum®”, Fragaria®®,
Solanum®, and winter rye'" grown at low tempera-
ture are compared with their warm-grown coun-
terparts, the number of plastogloguli per chloro-
plast in the formers increases more than in the
latters. The number of plastoglobuli in the plastids
of cold-resistant rice species is much lower than in
a cold-susceptible cultivar. Since the major compo-
nents of biomembrane are phospholipids or
glycolipids, a number of plastoglobuli in plastids
mentioned above may provide better sources of
developmental and repairing material for the
plastid membrane system, which might be inhib-
ited or injured during cold treatment.

Plastoquinone A levels also increased in intact
chloroplasts isolated from cold grown rye when
compared with warm-grown rye'?!),
LicHTENTHALER?! has reported that excess plasto-

quinone A is stored in plastoglobuli in the chloro-
plasts stroma when the plants are grown at high
light intensity. This suggests that some plasto-
quinone A may also be stored in plastoglobuli of
cold-grown plants. Since in thylakoid membranes,
plastoquinone A f{unctions as a mobile electron
carrier in photosynthetic electron transport, plas-
toglobuli might be regarded as a temporary store-
house of the essential materials to the structural
and functional differentiation of plastids.

Peripheral reticulum (PR) was observed
through the plastid development of three kinds of
rice under low temperature without regard to
cold-resistance. It has been stated that it consists
of anastomosing tubules contiguous with the inner
membrane of chloroplast envelope, and provides a
connection between the thylakoid membrane sys-
tem and chloroplast envelope!®. PR has been
observed in many C; plant species. It is generally
accepted that PR is a characteristic of chlorplast
of C, plant species, but reports of its occurrence in
some C, plants has raised doubts about it being
specially correlated with C, photosynthesis!?.
Tavior et al. has reported that the vesicles
identitied as PR occur in soybean chloroplasts of
leaves given 1.5 days of chilling treatment®®. It has
been suggested that PR is involved either in rapid
transport of photosynthetic precursors or end
products between cytoplasm and chloroplasts, or
that it represents a site for enzyme systems
involved in C, photosynthesis. The correlation
between PR formation in rice plastids at low
temperature and the function remains to be
proved.

The starch grains in IR 8 plastids were kept up
to the CI4-5 stage, while in both Honenwase and
Bouzu these disappeared at the very early stage of
platid development, at CI 1-2 stage. The dis-
appearance of starch grains in the chloroplasts of
Solanum acaule after cold acclimation treatments
indicates that starch transforms to soluble sugars
during the hardening process. The protective
effect of soluble sugars against cold injury has
been intensively reviewed by LeEviTT?”. GARBER
and StrpONKUS™ have reported that some altera-
tions occur in the hydrophobic region of the
cold-acclimated thylakoids, and that both non-
acclimated and acclimated thylakoids require su-
crose solution for the maximum protection during
a freeze-thaw cycle. The increase of plastoglobuli
and retention of infact starch grains in IR 8
plastids grown at low temperature suggest why IR
8 cannot be cold acclimated.
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KimeaLL and SaLisBURY!” have reported that
chloroplasts were the most sensitive organelles
using three grass species exposed to low tempera-
ture. In the present study, rice plastids sensitively
responded to cold acclimated treatment by the
alterations of membrane system including PLBs,
disappearance of starch grains and increase of
plastoglobuli. And also it was suggested that the
rate of w-PLBs formation may be used as a
possible indicator to judge the level of chilling
resistance of rice species.

Summary

Effect of low temperature on the ultrastructural
development of rice plastids was observed with
special reference to w-PLBs formation using three
cultivars Bouzu, Honenwase and IR 8 which are
highly resistant, medium and susceptible to chil-
ling treatment respectively. During the develop-
ment of rice plastids, three remarkable alterations,
which are closely related to the cold resistance,
were observed ; the alterations of plastid mem-
branes including PLBs, increase of plastoglobuli
and disappearance of starch grains.

In IR 8, the PLBs disappeared in the early stage
of plastid development and never reformed subse-
quently under both light intensity 5.5 W/m? and
4.3 W/m? at 20°C. While, PLBs in Honenwase
increased in number with the plastid development.
In Bouzu, the rate of plastids including w-PLBs
reached to about 9694 under 5.5 W/m? light at 20°
C. However, the w-PLBs formation in IR 8 at 26°
C rose by the similar rate as that of Honenwase at
20°C ; the w-PLBs in IR 8 plastids were formed in
higher temperature range than that of two other
cultivars. Under 5.5 W/m? light at 20°C, the more
the cultivar is resistant to low temperature, the
more w-PLBs are easily formed in plastids.
Accordingly, the rate of w-PLBs formation may be
used as a possible indicator to judge the level of
chilling resistance.

The starch grains in IR 8 plastids were retained
until the late stage of plastid development, how-
ever, in two other cultivars disappeared at the
early stage, meaning the protection of soluble
sugar against cold injury. Plastoglobuli were more
accumulated in IR 8 plastids when compared with
Honenwase and Bouzu, indicating the result of
inhibited thylakoid development.
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