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Introduction

It is known that the so-called aurea varieties of some plants are
highly light sensitive (Monfort 1953, Monfort and Kress-
-Richter 1950, Bauer 1956, Sagromsky 1956, Egle 1960). The
work of all these authors has shown that the leaves of such aurea
plants are able to green only in dim light, while in strong sunlight they
become more or less yellow. In these yellow leaves the concentration of
the chlorophylls is drastically reduced, and so is also the thylakoid sys-
tem in their plastids (Wrischer et al. 1975 a b). On the other hand
Willstatter and Stoll (1918) have already noticed that under
high light conditions the yellow leaves of some aurea plants have a very
high photosynthetic rate (“Assimilationszahl”).

In order to obtain some new data about structure and function of
plastids in one of such aurea plants (Ligustrum ovalifolium var. aureum)
the pigment contents and the photosynthetic activities of the leaves have
been measured and morphometric analyses of the plastids have been
carried out on ultrathin sections. The obtained results have then been
compared and correlated.

Material and Methods

For the experiments green leaves (grown in the shade) and yellow
leaves (grown in sunlight) of Ligustrum ovalifolium Hassk. var. aureum
(Kriissmann 1962) were used. All investigations were carried out
during the summer months.

= A part of this paper. was reported at the Second M_eetin%tof the Jugoslav Society
for Plant Physiology, StubiCke Toplice (Croatia, Jugoslavia), 20th—23rd May 1975.
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The pigments were extracted by 80°0o aqueous acetone and the
guantitative determination was done as described earlier (Wrischer
et al. 1975 a).

The photosynthetic activity was measured manometrically with a
Warburg apparatus as oxygen yield, as previously mentioned (Wri-
scher et al 1975 a).

For electron microscopic examinations pieces of leaves were fixed
in 1% glutaraldehyde, postfixed in 1% 0s04, and, after dehydration,
embedded in Araldite. Ultrathin sections were stained with uranyl ace-
tate and lead citrate, and examined in a Siemens Elmiskop I.

Semithin sections (about 0.5 Pm thick) of the same material were
stained with toluidine blue and examined in the light microscope.

Morphometric measurements were performed on micrographs (of
30,000 times final magnification) on which a 5mm square lattice was
additionally coppied. The area of the plastid section surface occupied by
different plastid components was estimated from the number of hits
which the crossings of the lattice, covering a certain plastid structure,
were forming (Weibel 1969, Atkinson et al. 1974, Sitte 1974).

Results

The leaves of L. ovalijolium var. aureum (in further text briefly:
aurea-privet) which are growing at the periphery of the shrub and are
constantly exposed to the sunlight are markedly golden yellow, while
leaves which are partly shaded, e.g. by other leaves, are yellow-green.
Only leaves growing in deep shade inside the shrub are green.

The data about the content of the pigments and the photosynthetic
activity are presented in Table 1

Table 1 Total chlorophyll, relative amount of carotenoids, and photo-
synthetic activity in green leaves (grown in shade) and yellow
leaves (grown in sunlight).

Photosynthetic Photosynthetic

Total 70 O
activity efficiency
chiorephyil 84 586 (ag 0 2mg (ag 0 2mg
(mg/g fr. wt.)) fr. wt./h) chlorophyli/h)
Green 1.33 3.562 0.051 38.346
leaves (100 °/o) (100 °/o)
Yellow 0.064 1.518 0.013 203.125
leaves (4.78 %) (42.3 %)

Whereas the concentration of the chlorophylls in yellow leaves
reaches only 4.78 °/o of that in green leaves, the concentration of the
total carotenoids drops in yellow leaves to only 42.3 %> if compared with
the quantity present in green leaves. The ratio of chlorophyll (a) to
chlorophyll (b) is in both leaf types similar: in yellow leaves it is 2.2 and
in green ones 25.
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The total photosynthetic activity measured (at 5900 = 500 Ix) as 02
yield (in ug 02g fresh leaf weight per hour) is in yellow leaves low, but
if calculated to the content of the chlorophyll it is more than 5 times
higher than in green leaves grown in the shade (Table 1).

The plastids of yellow leaves which grow in strong sunlight, contain
a very reduced membrane system. It consists of short single thylakoids,
which are grouped into rudimentary grana in some places only (Figs. 2,
5). Some of these aggregated and often curved thylakoids are very den-
sely packed, so that single membranes are hardly discernible (Figs. 3, 4).
Portions of some thylakoids are also dilated in some places and large
empty vesicles are numerous as well (Figs. 2—5).

In the stroma besides ribosomes, plastoglobules are always present.
In completely yellow leaves starch has never been found. It develops,
however, in these plastids when the illumination is appropriately re-
duced, e.g. at the end of a period of partly cloudy days (Fig. 5).

If the leaves are exposed for a long time to very intensive sunlight,
they bleach. The plastids of the bleached leaves contain an extremely
reduced number of membrane structures and resemble the plastids of
bleached leaves in other aurea plants (Wrischer et al. 1975 a, b).

In green leaves, which were grown in the shade, the chloroplasts
posess grana, with even more than 30 thylakoids in places, and large
starch grains as well (Fig. 6).

Besides these striking differences in the plastid structure between
yellow and green leaves, there are no other differences in the morphology
of other cell components. In the nuclei large crystalline inclusions, pro-
bably of proteinaceous nature, can very often be observed (Fig. 5).

Table 2 The percentage of total plastid section surface contributed by
different plastid components.

Green leaves Yellow leaves
'tAI’:)I/IakoidS 36.3 %> 14.1 %
Thylakoids
ﬁﬁgioids 27.5 lo 5.5
Starch 18.3 %>
Plastoglobules 2.2°lo 2.8 %>
Stroma 43.2 »lo 83.1%

The results of the morphometry are presented in Fig. 1 and Tables
2 and 3. The contribution of different components to the plastid section
surface in green and in yellow leaves Is presented in Fig. 1 and the per-
centage of the plastid section surface occupied by these components
in Table 2. In Table 3 the quantities of thylakoids in plastids of both
leaf types are compared. The plastids were photographed at random.
According to the study of Weibel (1969, p.243) the relation of section
surfaces equals to the volume relation. Only structures which could be
interpreted as deriving directly from the thylakoid apparatus were
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Fig. 1. The number of hits (mean value with standard error indicated) on

plastid components counted by crossings forming a lattice of 5mm
squares overlying micrographs (at final magnification of 30,000 times).

Legend: g = green leaves; y = yellow leaves; n = number of hits;
white columns = plastids; columns with vertical lines = all thylakoids;
columns with diagonal lines = grana thylakoids; columns with lines
and dots = starch; black columns = plastoglobules; columns with
dots = stroma.

Fig. 2.

>

Plastid from the yellow leaf of Ligustrum ovalifolium var. aureum.
The thylakoid system is strongly reduced. 25,000 :1.

Figs. 3 and 4. Portions of two plastids from the yellow leaf showing single

Fig. 5.

Fig. 6.

60

thylakoids, tightly appressed and curved grana thylakoids, and vesicles;
in the stroma ribosomes and some plastoglobules. 80,000 :1.

Portion of a cell from a yellow-green leaf. Although the thylakoid
system of the plastid is reduced, starch is present in the stroma; in the
nucleus several crystalline inclusions. 32,000 :1.

Portion of a chloroplast from the green leaf with large grana. 65,000 : 1



Fig. 2—4.



Fig. 5—6.



treated as thylakoids. For this reason the invaginations of the inner
membrane of the plastid envelope were not considered. Parts of the
thylakoids aggregated into groups of two or more were interpreted as
belonging to the grana. According to the reasons explained by Sille
(1974), the whole space surrounding the contracted starch grain was
estimated as starch. The area occupied by plastid stroma was estimated
as the rest of the whole plastid section surface when all other inclusions
were subtracted.

From the data presented in Fig. 1 and Tables 2 and 3 it is obvious
that in yellow leaves the quantity of thylakoids is very low, if compared
to that in green leaves. Especially low is the value of the thylakoids
forming grana. If the contributions of the thylakoids of both leaf types,
presented in Fig. 1, are compared, it can be calculated that in plastids
of yellow leaves the percentage of all thylakoids reaches 29 % of that in
the plastids of green leaves (taken as 100 %), whereas the percentage of
the thylakoids arranged into grana makes only 15 °/o of grana thylakoids
in green leaves (if this value is again taken as 100 %»).

Table 3. The quantity of thylakoids (in %) in plastids of yellow leaves as
compared to the quantity of thylakoids in plastids of green leaves.
In brackets: The percentage of thylakoids after correction explain-
ed in the text.

Green leaves Yellow leaves
All thylakoids 100 % 29% (21 %)
Grana thylakoids 100 % 15% (11%)

Light microscopic examination of semi-thin sections shows that —
due to somewhat larger cells in yellow leaves — there are less plastids
per surface unit of leaf section in yellow leaves (72.7 %) than in the
green ones. If this correction is also taken into account, in yellow leaves
the previously mentioned percentages drop from 29% to 21 % for the
whole thylakoid system and from 15°0o to 11 % for the grana thylakoids
(Table 3).

Discussion

The results obtained on L. ovalifolium var. aureum by pigment ana-
lysis and by fine structural studies are well in agreement with earlier
observations of the same authors on two other aurea plants (Wri-
scher et al. 19754a,b). The concentration of pigments, especially of
chlorophylls, and the number of thylakoids per plastid are very reduced
in these leaves when they are growing in strong sunlight. On the other
hand, the results of the present investigation show that the photosynthet-
ic activity — if calculated on the chlorophyll basis — is in yellow leaves
several times higher than in the green ones. Willstatter and Stoll
(1918) have already noticed this phenomenon in some aurea plants exa-
mined, and later the same was observed in two yellow mutants of tobacco
(Schmid and Gaffron 1969, Lemoine 1974). Besides that, there
are several other chlorophyll mutants known to have a 2 to 8 times

61



higher photosynthetic rate than normal leaves of the wild type plants
(e.g. Highkin et al. 1969, Keck et al. 1970, Benedict et al
1972, Muller 1972, Crang and Noble 1974, Wieckowski
and Ficek 1974).

If the results of pigment analysis, morphometry, and photosynthetic
measurements are compared, it may be concluded that in yellow leaves
the concentration of the chlorophylls is lower than it would be expected
accordingly to the quantity of thylakoids present in the plastids. This
is the case even if only grana thylakoids are taken into consideration.
On the other hand, the high photosynthetic efficiency of yellow leaves
does not correlate with their low concent in chlorophyll. These data
indicate that the composition of the thylakoid constituents in both leaf
types must be different. The idea of a smaller photosynthetic unit, which
was proposed for some chlorophyll mutants (Schmid and Gaffron
1969, Wild 1969, Muller 1972), should perhaps be also taken into
consideration for the yellow leaves of the here mentioned aurea plant.
In any case, this different photosynthetic efficiency of shaded and sun-
-exposed leaves of the aurea-privet enables this plant to use the avail-
able sunlight suitably.

The morphometric analysis shows that the percentage of the section
surface occupied by the stroma is much higher in plastids of yellow leaves
than in those of green leaves. This indicates that high illumination —
while strongly inhibiting the formation of thylakoids, especially the
formation of grana — at the same time does not inhibit the formation
of the stroma material in the same measure. It is known, that in some
chlorophyll mutants the synthesis of some enzymes of the Calvin cycle,
which are located in the plastid stroma, is not inhibited by strong light
Bjoéorkman 1968, Benedict and Kohel 1969).

There are, however, indications that strong light does not have the
same inhibitory effect in all aurea plants (Bauer 1956). According to
the changes which were observed in the fine structure of the thylakoid
system, it seems that there must exist at least two types of aurea plants.
While in Acer negundo var. odessanum strong illumination inhibits the
formation of thylakoids in the plastids, so that their number remains
constantly low (Wrischer et al. 1975a), in Fraxinus excelsior var.
aurea (Wrischer et al. 1975b) and in L. ovalifolium var. aureum
this seems not to be the case. In these two plants some membrane com-
ponents start to differentiate in strong light, but for some reason —
perhaps because they are functionally deficient — they become disorgan-
ized again. Tightly appressed membranes and membrane coils are the
consequence of these degenerative processes. The question is however,
which of these membranes are still photosynthetically active. For the
moment no exact answer can be given. Cytochemical analyses which are
in course, will perhaps throw more light on this problem.

Summary

The leaves of Ligustrum ovalifolium Hassk. var. aureum, which are
for a long time exposed to strong sunlight, do not green, but turn yellow.
In these yellow leaves the plastids have a very reduced thylakoid system
consisting of single thylakoids, vesicles, and membrane coils, and con-
tain very few grana. Leaves grown in the shade are, on the contrary,
more or less green and their plastids posess large grana. Morphometric
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measurements show that the plastids of yellow leaves contain only 11 °/o
of grana thylakoids present in plastids of green leaves.

While in yellow leaves the concentration of pigments, especially of
chlorophylls, is very low (4.78 % of that in green leaves), their photo-
synthetic activity (calculated to the chlorophyll content) is more than
5 times higher than in green leaves.

References

Atkinson, A. W. (Jr.), P. C. L. John and B. E. S. Gunning, 1974: The growth
and division of the single mitochondrion and other organelles during
the cell cycle of Chlorella, studied by quantitative stereology and three
dimensional reconstruction. Protoplasma 81, 77 — 109.

Bauer, A., 1956: Beitrage zur Pigmentphysiologie der Blatter von Aurea-
-Varietaten. Beitr. Biol. Pfl. 32, 403 — 426.

Benedict, C. R. and R. J. Kohel, 1969: The synthesis of ribulose-1,5-diphosphate
carboxylase and chlorophyll in virescent cotton leaves. Plant Physiol.
44, 621 — 622.

Benedict, C. R.,, K. J. McCree and R. J. Kohel, 1972: High photosynthetic rate
of a chlorophyll mutant of cotton. Plant Physiol. 49, 968 — 971.

Bjorkman, O., 1968: Further studies on differentiation of photosynthetic prop-
erties in sun and shade ecotypes of Solidago virgaurea. Physiol. Plant.
21, 84 — 99.

Crang, R. E. and R. D. Noble, 1974: Ultrastructural and physiological differ-

ences in soybeans with genetically altered levels of photosynthetic pig-
ments. Amer. J. Bot. 61, 903 — 908.

Egle, K., 1960: Biologischer Chlorophyllabbau. In: W. Ruhland, editor: Hdbch.
Pflanzenphysiol. Bd. V, Teil 1, pp. 354— 386.

Highkin, H. E.,, N. K. Boardman and D. J. Goodchild, 1969: Photosynthetic
studies on a pea-mutant deficient in chlorophyll. Plant Physiol. 44,
1310 — 1320.

Keck, R. W., R. A. Dilley and B. Ke, 1970: Photochemical characteristics in a
soybean mutant. Plant Physiol. 46, 699 — 704.

Kriissmann, G., 1962: Handbuch der Laubgehdlze. Bd. Il. P. Parey.

Lemoine, Y., 1974: Etude de l'ultrastructure des chloroplastes en fonction de
leur éclairement chez un mutant chlorophyllien de tabac. Analyse des
relations avec la teneur en pigments et l'activité photosynthétique.
J. Microsopie. 20, 193 — 214.

Monfort, C., 1953: Hochsommerliche Veradnderungen des Chlorophyllspiegels
bei Laubb&umen von gegensatzlichem photochemischem Reaktionsty-
pus. Planta 42, 461 — 464.

Monfort, C. und J. Kress-Richter, 1950: Reversible photochemische Chloro-
phyllzerstérungen in besonnten Laubblattern von Aureaformen und
ihre Beziehungen zu Strahlungsklima und Erbgut. Planta 38, 516 — 520.

Mdaller, D., 1972: Die Beziehung zwischen Chlorophyligehalt und Photosyn-
theserate bei strahleninduzierten Chlorophyllmutanten von Pisum sati-
vum. Beitr. Biol. Pfl. 48, 445 — 456.

Sagromsky, H., 1956: Zur Chlorophyllbildung bei Aureaformen. I. Z. Natur-
forsch. 11b, 548 — 554.

Schmid, G. H. and H. Gaffron, 1969: Photosynthetic units in higher plants.
Progress Photosynthesis Res. Vol. Il, 857 — 870.

Sitte, P., 1974: Plastiden-Metamorphose und Chromopiasten bei Chrysosple-
nium. Z. Pflanzenphysiol. 73, 243 — 265.

Weibel, E. R., 1969: Stereological principles for morphometry in electron mi-
croscopic cytology. Intern. Rev. Cytol. 26, 235— 302.

68



Wicckowski, S. and S. Ficek, 1974: Assimilatory pigments, photosynthetic
activity and ultrastructure of chloroplasts of the variegated leaf chimera
of Acer platanoides L. Acta Soc. Bot. Pol. 43, 243 — 249.

Wild, A., 1969: The size of the photosynthetic unit and its variability in yellow
mutants. Progress Photosynthesis Res. Vol. Il, 871 — 876.

Willstatter, R. und A. Stoll, 1918: Untersuchungen uber die Assimilation der
Kohlensaure, pp. 41 — 171. Springer Verl., Berlin.

Wrischer, M., N. Ljubesic and Z. Dévidé, 1975a: Transformation of plastids
in the leaves of Acer negundo L. var. odessanum (H. Rothe). J. Cell Sei.
18, 509 — 518.

Wrischer, M., N. Ljubesic and Z. Dévidé, 1975b: Ultrastructural studies of

plastids in leaves of Fraxinus excelsior L. var. aurea (Willd.). J. Micro-
scopie Biol. Cell. 23, 105 — 112.

SADRZAJ

ultrastrukturne i funkcionalne karakteristike plastida

U LISTOVIMA BILJKE LIGVSTRUM OVALIFOL1UM HASSK. VAR. AVREUM

Mercedes Wrischer, Nikola LjubeSi¢ i Zvonimir Dévidé
(Laboratorij za elektronsku mikroskopiju, Institut »Ruder Bo3kovlé«, Zagreb)

Listovi biljke Ligustrum ovalijolium Hassk. var. aureum, koji su
dulje vremena izlozZeni intenzivnoj suncanoj svjetlosti, ne ozelene veé
postanu zuti. Plastidi u takvim listovima imaju vrlo reducirani tilako-
idni sistem, koji se sastoji preteZzno od pojedinacnih tilakoida i vezikula,
dok su grana malobrojna. Naprotiv listovi izrasli u sjeni zeleni su i nji-
hovi plastidi posjeduju velika grana. Moriometrijska mjerenja pokazuju
da plastidi Zutih listova sadrZzavaju samo 11 %> grana-tilakoida plastida
zelenih listova.

Dok je koncentracija pigmenata, narocito klorofila, u Zutim listo-
vima vrlo niska (4,78 % od one u zelenim listovima), njihova je fotosin-
tetska aktivnost (preraCunata na istu koli¢inu klorofila) naprotiv preko
pet puta veca od one u zelenim listovima.
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