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Various light intensity and light quality were treated to oat seedlings to investigate the effect
of light on the chlorophyll accumulation and the formation of chlorophyll-protein complexes. The
increase of total chlorophyll accumulation and Chl (chlorophyll) a/b ratio was promoted under H
(high intensity) white light during oat chloroplast development when compared to L (low
intensity) white light. Also H white light was more effective in the formation of chlorophyll-protein
complexes associated with PSI, CCl and CCIl than L white light. The seedlings grown in various
light quality caused little changes in total chlorophyll and Chl a/b ratio when compared to those

rown in L white light. The assembly of LHCII trimer was more affected by L white light treatment
in the formation of chlorophyll-protein complexes than red light treatment. The effect of blue light
on the relative composition of chlorophyll-protein complexes was similar to that of L white li %nt.
Particualrly, blue light was more effective in the synthesis of LHCII monomer than the other light
quality at the early stage of greening. When compared to red light, blue light was more effective
in the formation of LHCII monomer. These results suggest that light intensity is more effective in

the increase of chlorophyll accumulation and Chl a/b ratio than Iiﬁht quality, and light quality may

be an important factor for the regulation of the organization in t

during greening.
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1. INTRODUCTION

Development of proplastids into etioplasts is in-
duced by growing plants in the dark. Dark grown-
seedlings contain the chloroplastic proteins RuBP-
Case (ribulose 1,5-biphosphate carboxylase) and CF
1 (a-subunit of adenosine triphosphate synthetase),
but lack chlorophylls, thylakoid membranes, light-
harvesting chlorophyll a/b-binding protein (LHCP)
of PSII (photosystem II), and the chlorophyll a-bi-
nding protein of reaction center P-700 of PSI (CPI)
(Mayfield and Huff, 1986). Upon illumination,
these etioplasts rapidly differentiate photosyntheti-
cally active chloroplasts, accumulating chlorophylls,
thylakoids and new polypeptides including LHCP
and CPI (Dietz and Bogorad, 1987). Fractionation
of plastid proteins by native green gel electropho-
resis, by which chlorophyll-protein complexes are
solubilized and separated with minimum loss of

e chlorophyll-protein complexes

chlorophyll-protein complexes, Avena sativa L., light intensity, light quality, greening

noncovalently bound chlorophyll, is a very impor-
tant method in the study of thylakoid membrane
composition, organization and biogenesis (Thornber,
1986). Chlorophyll-protein complexes have been
divided to three parts, nomenclaturing CPI, LHCP
and free chlorophyll (Alberte ef al., 1972). Current
green gel system, by which those are subdivided
into 16~20 parts with very little release of free pi-
gment, resolves muitiple PSI-LHCI complexes, mu-
Itiple PSII-LHCII complexes, four oligomeric LHCII
complexes, several reaction center complexes, and
a number of small complexes from chlorophyll-pro-
tein complexes (Allen and Staehelin, 1991).

Since photosynthetic activity of plants makes it
possible to convert light energy into biologically
usable energy, chemical potential, the light regimes
which contain light intensity, quality and time of il-
lumination play a dominant role in the photosyn-
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thetic activity of higher plants. The composition
and function of photosynthetic apparatus are affec-
ted by light environment. Chloroplasts in higher
plants harvest light via two photosystem, classified
PSI and PSII, as well as their associated light-har-
vesting complexes, LHCI and LHCIL Biosynthesis
of LHCP is due to the increase in chlorophyll, par-
ticularly chlorophyll b is quantitatively incorporated
into newly assembled LHCs under light conditions
(Hoober ef al., 1990; White and Hoober, 1994). The
amount of light gives rise to distinct structural and
biochemical differences during chloroplast develop-
ment (Leong and Anderson, 1984; Leong et al., 19
85; Lechowiez et al,, 1986). High light intensity af-
fects on the enhancement of CPa synthesis and the
decline of light-harvesting complexes synthesis
(Torre and Burkey, 1990). The conversion of high
light intensity to low light intensity leads to higher
levels of light-harvesting complex of PSII apopro-
tein than high light intensity, and these results give
rise to an increase in chlorophyll a and b (Sukenik
et al, 1987; Sukenik ef al., 1989; Sukenik et al.
1990). There are significant differences in the rela-
tive distribution of chlorophyll-protein complexes
and in the ultrastructure of chloroplast when the
plants are grown under different light quality con-
ditions. The seedlings grown in yellow light have
higher PSI complexes and lower PSII complexes
than those grown in red light (Glick et al., 1985;
Melis ef al., 1985; Deng et al., 1989). It has been
reported that the seedlings grown in blue light
exhibit higher levels of chlorophyll a to chlorophyil
b ratios and prenylquinone contents, and lower le-
vels of xanthophyll to carotene ratios than those
grown in red light. These changes also induce mo-
rphological differences in the ultrastructure of ch-
loroplast (Leong ef al., 1985). However, the effect
of light intensity and quality in chloroplast during
greening are not fully understood. Also it is not
known whether the organization of chlorophyll pro-
teins during adaptation to different light quality en-
vironments is a general mechanism in higher pla-
nts.

644

In the present study, we investigated the effect
of light on the formation of chlorophyll-protein co-
mplexes in greening of oat seedlings, and whether
the adaptive changes observed in oat seedlings ref-
lect a general mechanism that allows plants to
adapt to light quality environments. We have, the-
refore, analyzed oat seedlings grown under blue,
green and red light in the biochemical levels, and
compared them with white light-grown plants.

2. MATERIALS AND METHODS

2.1. Plant material

The oat seeds (Avena sativa L.) were soaked in
running tap water for 4 h and planted on the pot,
and grown in growth chamber at 28 + 1C with 70
% humidity under dark condition for 5 days. And
the seedlings were grown under the continuous ir-
radiation of different light quality for 48 h.

Light source was a white fluorescent light and
shielded with selectively light enriched acrylfilters
for red, green, and blue light. Light intensities used
for growth of oat seedlings were 491 erg cm “sec™
for high intensity (H) of white light, 163 erg cm™2
sec ' for low intensity (1) of white light, 47 erg
cm ’sec”’ for red light, 50 erg cm “sec”’ for green
light and 65 erg cm “sec”’ for blue light with ra-
diometer (Metrologic, 60-535, USA), and emission
spectra of light sources obtained with optical multi-
channel analyzer (EG & G PARU, 1460, USA) were
described in Lee et al. (1995).

2.2, Thylakoid membrane isolation

For the isolation of thylakoid membranes, the
seedlings were homogenized with Waring blender
in homogenization buffer consisted of 50 mM HE-
PES (pH 76), 0.3M sorbitol, 10 mM NaCl and 5
mM MgCl. To remove cellular debris the homoge-
nate was filtered through four layers of cheesec-
loth, and the filtrate was centrifuged at 350 g for
10 min. The supernatant was pelleted at 5,000 g for
10 min. The membrane pellet was washed twice in
washing buffer consisted of 50 mM HEPES (pH 7.
6), 0.1 M sorbitol, 10 mM NaCl and 5mM MgCl.
The resulting pellet was resuspended in a small
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volume of the same buffer with 10% glycerol, ali-
quoted and frozen at —80T. All procedures of thy-
lakoid membrane isolation were performed at 4C.

2.3. Thylakoid membrane solubilization

For native green gel electrophoresis thylakoid
membrane was washed twice in 2mM Tris-ma-
leate (pH 7.0), and the washed pellet was resuspe-
nded in solubilization buffer containing 2 mM Tris-
maleate (pH 7.0), 10% glycerol, 0.45% octyl gluco-
side, 045% decyl maltoside, and 0.1% LDS (li-
thium dodecyl sulfate). Solubilization buffer was
added to give a ratio of total nonionic detergent to
chlorophyll of 20 : 1 (w/w). Samples were incuba-
ted 5n ice for 30 min and centrifuged at 15,000 g
for 10 min to remove insoluble materials.

2.4. ‘Native green gel electrophoresis

Native green gel was consisted of a stacking gel
containing ‘5% “acrylamide, 25 mM Tris-HCI (pH 6.
3), 50 mM glycine ‘and '10% glycerol, and a resol-
ving gel containing 8% acrylamide, 25 mM Tris-
HCI (pH 83), 50 mM glycine and 10% glycerol.
The acrylamide/bisacrylamide ratio was 100 : 1.
The gel was polymerized by adding 0.05% ammo-
nium persulfate and 0.05% TEMED (tetramethyle-
thylenediamine). The electrode buffer contained 25
mM Tris, 192mM glycine (pH 8.3), and 0.1%
SDS (sodium dodecyl sulfate) as described by Al-
len and Staehelin (1991). After the gel was prerun
at 10mA for 1 h in cold chamber, samples (about
13.5 ug chlorophyll) were loaded onto the gel. The
amount of chlorophyll was determined with spect-
rophotometer (Shimadzu, UV 240, Japan) according
to the method of Lichtenthaler (1987). The gel was
electrophorized at 10 mA constant current, 4T for
3h

2.5. Denaturing SDS-PAGE

For two-dimensional gels, gel slices were excised
from native green gel lanes, incubated for 15 min
at 55C in solubilization solution containing 25 mM
Tris-HCI (pH 6.3), 50 mM glycine, 2% SDS, 2% -
mercaptoethanol, and 10% glycerol. Gel slices trea-
ted with the solution were loaded directly onto the
gel of 12% polyacrylamide. PAGE (polyacrylamide
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gel electrophoresis) in the presence of SDS was
performed as described by Laemmli (1970).

2.6. Densitometry scanning

Gel lanes of a native green gel were scanned
using a TLC scanner (Shimadzu, CS-930, Japan).
The measuring wavelength of the densitometer was
675 nm. Peak areas for each green band in the
lane were measured and represented as a percen-
tage of the total chlorophyll in chlorophyll-protein
complexes excluding free pigment. The values for
each green band were the average of independent
three experiments.

3. RESULTS
3.1 Changes in the contents of chloro-
phyll

Qat seedlings were grown in H white light for
48 h and changes in the contents of chlorophylls
from the seedlings were shown in . Fig. 1. White
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Table 1. Changes in chiorophyll contents and Chl a/b ratios from oat seedlings grown in conti-
nuous white light (low intensity) for 48 h
ug chlorophyll/g fresh weight

Duration of irradiation (h)  chlorophyll a chiorophyll b total chlorophyil Chl a/b
0 14? 25 39 0.57
2 142 186 328 0.76
4 224 245 469 091
6 306 316 622 097
8 528 332 860 159
12 649 369 1,018 1.76
18 773 393 1,166 1.97
24 910 442 1,352 2.06
48 1,052 501 1,553 2.10

? The values are the average of three independent experiments.

Table 2. Changes in chlorophyll contents and Chl a/b ratios from oat seedlings grown in conti-
nuous red light for 48 h
pg chlorophyll/g fresh weight

Duration of irradiation (h)  chlorophyll a chlorophyll b total chlorophyll Chl a/b
0 14° 25 39 0.57
2 117 200 317 0.59
4 166 241 407 0.69
6 220 289 509 0.76
8 242 297 539 0.82
12 308 318 626 0.97
18 396 367 763 1.08
24 537 462 999 116
48 876 641 1517 137

? The values are the average of three independent experiments,

Table 3. Changes in chlorophyll contents and Chl a/b ratios from oat seedlings grown in conti-
nuous blue light for 48 h
ug chlorophyll/g fresh weight

Duration of irradiation (h) chlorophyll a chiorophyll b total chlorophyll Chl a/b
0 147 25 39 0.57
2 117 178 295 0.66
4 241 34 555 0.77
6 289 343 632 0.84
8 332 333 665 1.00
12 423 405 828 1.05
18 486 422 908 115
24 571 463 1,034 1.24
48 711 531 1,242 134

¥ The values are the average of three independent experiments.
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Table 4. Changes in chlorophyll contents and Chl a/b ratios from oat seedlings grown in conti-

nuous green light for 48 h

ug chlorophyll/g fresh weight

Duration of irradiation (h) chlorophyll a chlorophyll b total chlorophyll Chl a/b
0 147 25 39 057
2 133 242 375 0.55
4 181 288 469 0.63
6 208 287 495 0.73
8 242 341 583 0.71
12 331 387 718 0.86
18 522 490 1,012 1.06
24 654 553 1,207 1.19
48 859 648 1,506 1.33

® The values are the average of three independent experiments.

1

light with the high intensity of 491 erg cm™ sec™
was used as a control. In oat seedlings grown in
H white light, the contents of total chlorophyll were
gradually increased along with greening period,
thus those of total chlorophyll were given rise to
about 58.5-fold increase during greening period in-
vestigated. When compared to the seedlings grown
in H white light, those grown in L white light sho-
wed low level in the amount of total chlorophyll
(Table D). Light intensity, therefore, was a signifi-
cant factor on the chlorophyll synthesis of chlorop-
last from oat seedlings. The seedlings grown in se-
lectively enriched light quality for 48 h caused little
changes in the accumulation of total chlorophyll
when compared to those grown in L white light
(Tables 2, 3 and 4).

Chl a/b ratio was an important parameter to
measure light acclimation in oat seedlings. Chl a/b
ratios of the light-adapted oat seedlings ranged
from 057 to 2.81 (Fig. 1, Tables 1-4). The seedli-
ngs developed under H white light for 48 h had si-
gnificantly higher Chl a/b ratios than those develo-
ped under L white light, while those grown in L
white light had slightly higher Chl a/b ratios when
compared to those grown in different light quality
conditions. These results agree with those found
previously in barley seedlings where high intensity
seems to be more important factor to lead not only
high Chl a/b ratios but also total chlorophyll syn-
thesis enhancement (Torre and Burkey, 1990).

647

Fig. 2. Native green gel after electrophoresis
of chloroplast from oat seedlings. Let-
ters on the right-hand side indicate the
designation of chlorophyll-protein com-
plexes resolved. PSI, photosystem | co-
mplex; RC-LHC, reaction center-light
harvesting complex; CCl, core complex
of PSI; CCIl, core complex of PSIl of
PSII; LHCIL, trimeric form of the main
light harvesting antenna PSII; SC, small
complex; FP, free pigment.

3.2. Relative distribution of chiorophyll-
protein complexes

The light-adapted oat thylakoids were solubilized

with nonionic detergents/chlorophyll weight of 20
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Fig. 3. Two dimensional gel in which oat chlo-
rophyll-protein complexes have been
separated on a native green gel in the
first dimension, and on a full denatu-
ring SDS-PAGE gel in the second dime-
nsion. Positions of selected green ba-
nds are indicated along the top of the
gel. Silver-stained gel. The standard
used were myosin (200 KD), phosphor-
ylase (97.6 KD), BSA (66.3KD), gluta-
mic dehydrogenase (55.4 KD), lactate
dehydrogenase (36.5 KD), carbonic
anhydrase (31 KD), trypsin inhibitor
(21.5KD), and lysozyme (14.4KD). P
700, P700 apoproteins; CP47/43, inter-
nal chlorophyil a-binding of PSII; D1/D
2, core apoproteins; LHCII*, apopro-
teins of LHCII.

.1 and subjected to native green gel electrophore-
sis (Fig. 2). Eight main chlorophyli-containing ba-
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nds were resolved, and they were classified in or-
der of increasing mobility : PSI, RC (reaction cen-
ter)-LHC, CCI (core complex of PSI), CCII (core
complex of PSID), two bands of SC (small complex,
SC-1 and SC-2), and free pigment. The band patte-
rns were identified by their previously characteri-
zed spectral properties (Allen and Staehelin, 1991).
Two of these complexes were associated with PSI
- PSI complex and CCI, whereas four of these co-
mplexes were associated with PSII : CCII, LHCII
and two bands of SC. Relative distribution of pro-
tein subunits in the different chlorophyll-protein
complexes were quantitated after SDS-PAGE of the
complexes in a second dimension (Fig. 3). PSI co-
mplexes were most easily seen in the second di-
mensional electrophoresis by the presence of P700
apoproteins, LHCI and the smaller PSI subunits.
CCl associated with PS] contained a number of
core complexes of PSI. CCII was visible on the se-
cond dimension gel by the presence of CP43 and
CP47 apoproteins as well as D1 and D2 polypepti-
des. LHCII was preserved as the trimeric form of
the main light harvesting antennae of PSIL. SC co-
ntained a number of complexes, most of which ap-
peared to be partially dissociated PSII components
containing LHCII monomers.

3.3. Formation of chlorophyll-protein
complexes during greening

The changes of relative distribution of chloroph-
yll-protein complexes in the oat seedlings grown in
the continuous illumination of H white light for 48
h were shown in Fig. 4. The thylakoid membranes
from dark-grown plants (0 h) could not be comple-
tely solubilized by the surfactant solution used. Ho-
wever, samples from the seedlings illuminated for
2 h under continuous light were resolved. At 4 h il-
lumination, the dominant pigmented band was that
of CCIL. The accumulation of PSI holocomplexes
containing LHCI apoproteins appeared to occur at
4h and developed gradually throughout the gree-
ning period. The paint band of SC which seemed
to contain LHCII monomer appeared at 4 h illumi-
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Fig. 4. Changes in the formation of chlorophyll-protein complexes from oat seedlings grown in
high intensity of continuous white szht for the indicated times. Thylakoid membranes (13.

5 ug of chlorophyll) were solubilized with

decyl sulfate.

nation. As the accumulation of SC progressed,
there was a steady increase in the amount of
LHCII which seemed to be a trimer from the first
6 h of greening. The fact supports that LHCII apo-
proteins aggregated into trimer seems initially to
accumulate in the thylakoid membranes as mono-
meric pigment proteins during development of the
chloroplast (Dreyfuss and Thornber, 1994a). After
8h of continuous illumination, chlorophyll-protein
complexes of oat seedlings could be completely se-
parated into eight main green bands. The relative

octyl glucoside, decyl maltoside and lithium do-

distribution of the complexes in the seedlings
grown for 48 h was similar to those in the mature
seedlings. The relative percentages of each comple-
xes in those grown for 48 h were 32% of PSI, 7%
of RC-LHC, 5% of CCI, 8% of CCIl, 23% of LH-
CII, and 25% of SC excluding free pigment.

3.4. Effect of light on the formation of
chlorophyll-protein complexes

Qat seedlings grown in L white light for 48 h in-

duced the quantitative changes in chiorophyll-pro-

Table 5. Changes in the relative amount of chlorophyll in chlorophyll-protein complexes from oat
seedlings grown in white light (low intensity) for 48 h

Duration of

Percentage of chlorophyll in chlorophyll-protein complexes

irradiation (h) PSI RC-LHC cCl  CCll LHCII SC1 SC-2
O — — — — — — —
2 - - - 160 - - -

4 5.83 - - 24.85 24.73 - 44.59

6 1311 - - 14.19 2144 11.88 3939

8 2645 - 151 5.51 2390 1437 2827

12 25.10 2.02 0.79 702 2843 1031 26.33

18 29.95 7.06 122 6.66 26.39 953 1919

24 24.85 9.18 2.1 5.97 2847 1115 1765

48 29.81 6.64 3.66 6.00 28.23 1036  15.29
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tein complexes when compared to those grown in
H white light for 48 h (Fig. 4 and Table 5). The
seedlings grown in H white light showed lower le-
vel in the chlorophylls associated with LHCII and
higher level in the amount of PSI and CCII than
those grown in L white light. The chlorophylls as-
sociated with CCI also had slightly enhancement in
those grown in H white light compared to those
grown in L white light. The fact suggests that light
intensity affects the amount of chlorophyll associa-
ted with core complexes of PSI and PSII, although
light intensity does not affect the amount of chloro-
phylls associated with PSI (Leong and Anderson,
1984).

The amount of chlorophyll associated with each
complex showed differences between the seedlings
grown in L white light and those grown in red light
as shown in Tables 5 and 6. Chloroplasts adapted
to red light showed increased levels of chlorophylls
associated with RC-LHC and CCII, and decreased
levels of chlorophylls associated with LHCII and
SC containing LHCII monomer of PSII as compa-
red with those grown in L white light. Oat seedli-
ngs grown in blue light for 48 h had similar rela-
tive chlorophyll contents in the chlorophyll-protein
complexes when compared to those grown in L
white light for 48 h (Table 7). However, SC contai-
ning LHCII monomer appeared alone in 2 h-grown

Table 6. Changes in the relative amount of chlorophyll in chlorophyll-protein complexes from oat

seedlings grown in red light for 48 h

Duration of Percentage of chlorophyll in chlorophyll-protein complexes

irradiation (h) PSI RC-LHC CCl  CCII LHCII SC-1 SC-2
0 _ _ — _ _ _ _
2 J— —_— — — — —_— —_—
4 10.96 - - - 2740 - 61.64
6 17.28 - - 7.74 32.34 - 42.64
8 1847 - 1.80 849 29.77 333 3813
12 15.61 - 4.23 6.16 17.76 997 46.26
18 27.16 1.09 1.72 8.29 30.07 10.88  20.80
24 28.40 2.90 1.74 8.00 31.80 1010 17.10
48 30.10 7.60 4.10 730 27.60 9.00 1430

Table 7. Changes in the relative amount of chlorophyll in chiorophyll-protein complexes from oat

seedlings grown in blue light for 48 h

Duration of

Percentage of chlorophyll in chlorophyll-protein complexes

irradiation (h) PSI RC-LHC CCl  CClI LHCII SC-1 SC-2
0 —_ — — f— — — —_

2 - - - - - - 100

4 33.09 - - - 37.89 - 29.02

6 24.35 - 246 9.57 21.56 - 42.06

8 2337 - 242 8.23 27.20 815 3061

12 26.22 - 177 6.08 25.74 1037 2982

18 28.58 3.25 283 6.73 24.35 1142 2284

24 29.71 493 3.53 594 24.14 1186 19.89

48 20.54 6.67 4.63 5.18 27.62 1048  15.88
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Table 8. Changes in the relative amount of chlorophyll in chlorophyll-protein complexes from oat

seedlings grown in green light for 48 h

Duration of

Percentage of chlorophyll in chlorophyll-protein complexes

irradiation (h) PSI RC-LHC CCl CClI LHCII SC-1 SC-2
0 —_ — — —_ — — -

2 - - - 7175 - - 2825

4 12.21 - - 15.13 2493 - 4774

6 17.00 - - 13.55 22.57 1222 3466

8 17.27 - 291 9.21 2529 920 3612

12 2479 4.93 2.98 5.95 26.09 1019 25.07

18 28.78 492 2.38 513 2538 1066  22.76

24 25.66 5.81 6.12 6.09 24.69 1188  19.76

48 26.01 9.56 10.94 4.39 24.58 916 1536

seedlings under blue light. This result suggests
that blue light appears to be more effective in the
accumulation of LHCII monomer than L white and
red light conditions at the early stage of greening.
When compared to the seedlings grown in red li-
ght, those grown in blue light led slightly higher
chlorophyll contents in SC. These results agree
with those found previously with Asplenium austra-
lasicum seedlings where blue light was more effec-
tive in the synthesis of LHCP than red light (Leong
et al., 1985). On the other hand, chloroplasts from
the seedlings grown in green light were enriched
in RC-LHC and CCI when compared to those from
the seedlings grown in L white light (Table 8).

4. DISCUSSION

The light-adapted oat seedlings were resolved to
eight main green bands by native green gel elect-
rophoresis (Fig. 2). The green band patterns rese-
mbled those reported by others using Arabidopsis
and barley (Allen and Staehelin, 1991; Peter and
Thornber, 1991a), and the bands were classified in
order of increasing mobility to PSI, RC-LHC, CC],
CCII, LHCII, two bands of SC (SC-1 and SC-2),
and free pigment. To better understand relative di-
stribution of the protein subunits in the complexes,
gel lanes obtained by native green gel were resol-
ved by SDS-PAGE of the complexes in a second
dimension (Fig. 3). PSI holocomplexes contained P
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700 apoproteins, LHCI apoproteins and the smaller
PSI subunits. This fact seems to be consistent with
some reports (Dreyfuss and Thornber, 1994b). CCI
associated with PSI contained a number of core co-
mplexes of PSL. CCII contained CP43/CP47 and D1
/D2 apoproteins and migrated close to the LHCII
trimer, and these results can be also seen in some
of other plants (Peter and Thornber, 1991b).
LHCII was seemed to be an aggregate of trimeric
pigment-protein units, and it has been known to be
composed of at least three types of protein subu-
nits (24~29kD) of slightly different primary struc-
ture (Butler and Kiihlbrandt, 1988; Kiihibrandt and
Wang, 1991; Peter and Thornber, 1991c). SC con-
tained a number of complexes, most of which ap-
peared to be partially dissociated PSII components
containing LHCII monomer.

Use of native green gel electrophoresis led to the
fractionation from chlorophyll-protein complexes of
greening chloroplasts with negligible displacement
of chlorophylls in the complexes. The status of as-
sembly of the various chlorophyll-protein comple-
xes was easily represented throughout the matura-
tion of the chloroplast (Fig. 4). PSI holocomplex
containing LHCI apoproteins appeared to accumu-
late after 4 h of continuous illumination and the
accurnulation of PSI holocomplex developed gra-
dually throughout the entire greening period. The
results agree with the observations using barley
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seedlings (Dreyfuss and Thornber, 1994a). After
the accumulation of SC, seemed to contain LHCII
monomer, at 4 h illumination, there was a steady
accumulation of LHCII seemed to be a trimeric pi-
gmented-protein complexes from the first 6 h of
greening. It is suggested, therefore, that pigmen-
ted-monomeric protein complexes formed early du-
ring light-adapted development of chloroplast are
reorganized into the formation of trimeric LHCII
complexes that form the bulk of the antenna comp-
lex of PSIL, and these results agree with those
found previously (Hobe et al., 1994; Dreyfuss and
Thornber, 1994a). The dominant pigmented band
at 4h illumination was that of CCII, and the
amount of CCII decreased during the greening pe-
riod in the relative distribution of various pigmen-
ted-protein complexes. The various chlorophyll-
protein complexes were completely formed after 8
h of continuous illumination.

Light intensity affects chlorophyll content, Chl a
/b ratio and the formation of chlorophyll-protein
complexes in oat seedlings. The seedlings grown in
H white light had higher total chlorophyll contents
and Chl a/b ratios when compared to those grown
in L white light (Fig. 1 and Table 1), suggesting
that light intensity may be an important factor to
induce the increase of Chl a/b ratio and chlorophyll
accumulation in oat seedlings. These results are si-
milar to those found previously, where chlorophyll
content and Chl a/b ratio are higher in the barley
leaves grown in high intensity of light compared to
those grown in low intensity of light (Torre and
Burkey, 1990). Other plant species also show the
similar results in the chlorophyll content and Chl
a/b ratio (Davies et al,, 1986; Lee and Whitmarsh,
1989). From the results for Chl a/b ratio it could
be suggested that light intensity induced differen-
ces in the distribution of chlorophyll between chlo-
rophyll-protein complexes. High intensity of light
induced higher levels in Chl a/b ratio as well as
the amount of PSI complex, CCI and CCII, and lo-
wer levels in the amount of LHCII trimer in the
chlorophyll-protein complexes from oat seedlings
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than low intensity of light (Fig. 4 and Table 5).
From these results it is suggested that light inten-
sity plays an important role in the synthesis of ch-
lorophylls associated with PSI, CCI and CCII, cont-
rary to the findings that light intensity does not af-
fect the amount of chlorophylls associated with PSI
(Leong and Anderson, 1984).

The oat seedlings grown in various light quality
conditions (red, blue and green light) caused little
changes in the amount of total chlorophyll and Chi
a/b ratio during greening when compared to those
grown in L white light (Tables 1-4), suggesting that
light intensity is more effective in the increase of
chlorophyll accumulation and Chl a/b ratio than [i-
ght quality. And these results seem to be consis-
tent with those found previously (Torre and Bur-
key, 1990). There are significant differences in the
relative distribution of chlorophyll-protein comple-
xes of thylakoids adapted to different light quality
conditions. Red light adaptation led to higher levels
in chlorophylls associated with RC-LHC and CCII,
and lower levels in chlorophylls associated with
LHCII trimer and SC containing LHCII monomer
than L white light adaptation did (Tables 5 and 6).
These results are similar to some reports that thy-
lakoids from corn leaves adapted to red light have
lower amount of LHCP than those adapted to white
light (Eskins et al, 1985). Other plant species also
show the similar composition in chlorophyll-protein
complexes (Leong ef al., 1985). The previous stu-
dies on red or white light effect, however, reported
that light quality caused a reorganization of the co-
mponents of chlorophyll-protein complexes such
that plants grown in white light were enriched in
PSI complexes, while those grown in red light
were enriched in PSII complexes (Glick ef al., 19
86; Deng ef al., 1989). It is suggested, therefore,
that the effect of light quality on the composition
of chlorophyll-protein complexes during chloroplast
development are an important factor, but not the
same for all plant species. The effect of biue light
was similar to that of L white light on the relative
distribution of chlorophyll-protein complexes du-
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ring oat chloroplast development (Tables 5 and 7).
However, SC containing LHCII monomer was ap-
peared alone in 2 h-illuminated seedlings under
blue light compared to different light quality condi-
tions. The facts suggest that blue light may be
more effective in the biosynthesis of LHCII mono-
mer than other light quality at the early stage of
greening. It agrees with the reports for pea plants,
where blue light induces specifically pigment-free
components of LHCP during the early stage of ch-
loroplast development (Adamska et al, 1992).
When compared to the seedlings grown in red li-
ght, those adapted to blue light had slightly higher
chlorophylls associated with SC. This is in agree-
ment with prior results obtained from similar stu-
dies with Asplenium australasicum (Leong et al.,
1985). From these results it is suggested that blue
light is more effective in the synthesis of LHCII
monomer than red light. Green light adaptation was
more effective in the chlorophylls associated with
RC-LHC and CCI than white light adaptation du-
ring oat chloroplast development (Tables 5 and 8).

The results of the present study have establi-
shed the light-induced assembly of chlorophyll-pro-
tein complexes during greening and suggested the
important role of light intensity and quality that co-
ntrol the formation of chlorophyll-protein comple-
xes during greening. And further studies are nece-
ssary to clarify the molecular mechanism that al-
lows chloroplasts to adapt to different light quality,
because light quality affects structural and functio-
nal adaptation in the thylakoids and the changes
are attributed by the plastid mRNA encoding the
proteins for the two photosystem.
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