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ABSTRACT

In the ovary epidermis of Omithogalum umbellatum L. lipotubuloids were found, i.e. distinguished cytopla-
smic domain with an agglomeration of half unit membrane-surrounded lipid bodies, entwined and held together
by a system of microtubules (Protoplasma 75: 345-357; 77: 473-476).

Using light and EM-autoradiography with 3H-palmitic acid (25 pCi/ml) it was found that lipotubuloids were
the site of intense incorporation of this isotope. After extraction of lipids with lipid solvent the lipotubuloids were
not labeled. Localization of autoradiographic grains after 15-h postincubation with isotope-free medium indicated
a migration of the labeled substances from the lipotubuloids to the whole cells. Ultrastructural studies demonstra-
ted that most autoradiographic grains after 2-h incubation were localized over the site of the microtubules adjoi-
ning closely the half unit membranes of lipid bodies. These observations suggest, that the surface of lipid bodies
may be the active site in lipid synthesis and involvement of the microtubules in these processes is possible.
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phy, 3H palmitic acid.

INTRODUCTION

In the epidermis of ovary and of other organs of Omnitho-
galum umbellatum large spherical structures of fatty nature
were found (Raciborski 1895; Kwiatkowska 1966). In 1888
Wakker, who described analogous structures in Vanilla, cal-
led them “elaioplasten”. Cytochemical and ultrastructural
studies proved them not to be plastids, as the name introdu-
ced by Wakker could suggest. Similar non-plastidic “elaio-
plasts” were also observed in Malva neglecta and Althaea
rosea (Watek-Czernecka and Kwiatkowska 1961; Kwiat-
kowska 1972a), in 12 species of Gentiana (Kwiatkowska
1961), in Dahlia variabilis (Kwiatkowska 1963), in Funkia
sieboldiana, Clivia nobilis, Vanilla planifolia (Kwiatkowska
npb), and in Haemanthus albiflos (Tourte 1964).

O. umbellatum “elaioplasts” are the structures consisting
of an agglomeration of osmiophilic granules containing
triacylglycerides, free fatty acids and phospholipids
(Kwiatkowska 1966). Single osmiophilic granules are en-
twined and connected to one another by a system of micro-
tubules. Therefore a new name for “elaioplasts” has been
proposed — i. e. lipotubuloids (Kwiatkowska 1971a, b,
1972b). It is not known, however, if this term can also ap-

ply to the above mentioned “elaioplasts”, which are not
plastids, in other plants since to date attempts to clearly
show such labile structures as microtubules, together with
osmiophilic granules, have failed (this may be due to serio-
us problems with proper fixation). Microtubules in O.
umbellatum are unusually stabile since they can be shown
after the use of Palade (1952) solution containing only buf-
fered OsO, (Kwiatkowska 1971a), while other non-stabile
cytoplasmic microtubules require a fixative containing glu-
teraldehyde (Ledbetter and Porter 1963). Microtubules of
nervous cells (neurotubules) are characterized by a similar
stability. It seems possible that the stability of both of them
results from the presence of polisaccharides (Tani and
Ametani 1970; Kwiatkowska 1973a). In O. umbellatum 1i-
potubuloids they form a 2.5 nm layer at the outer surface
of a microtubule wall (Kwiatkowska 1973a).

Lipotubuloids of O. umbellatum are a distinguished cy-
toplasmic domain where in addition to osmiophilic granu-
les and microtubules abundant ribosomes and membranes
of the endoplasmic reticulum occur as well as a few mito-
chondria, Golgi structures and a single membrane surroun-
ding bodies with granular contents (lysosomes, peroxiso-
mes or glyoxisomes) (Kwiatkowska 1971a, b, 1973b).



182 INCORPORATION OF *H-PALMITIC ACID INTO LIPOTUBULOIDS Kwiatkowska M.

Fig. 1. Intra vitam picture of lipotubuloid of Omithogalum umbellatum ovary epidermis; 1 — lipotubuloid, n — nucleus. Fig. 2. OsO,-fixed ovary epidermis.
Fig. 3. Epidermis of ovary incubated for 2 h in 3H-palmitic acid. OsO, fixation. Exposure: 6 days. The developed autoradiograph was cleared with H,0,
and stained by the Unna method. Fig. 4. Epidermis of ovary incubated for 2 h in 3H-palmitic acid, fixed in Carnoy’s fluid and lipids extracted by the Keilig
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method. Stained by the Unna method. Fig. 5. Epidermis of ovary incubated for 2 h in 3H-palmitic acid and then transferred to a non-radioactive medium
for 15 h. Fixation and staining as in Fig 3. Bar = 10 pm (for Figs 1-5). Fig. 6. Fragment of a lipotubuloid of O. umbellatum epidermis fixed for 1 h in 1:1
mixture of 2.5% glutaraldehyde and 1% OsO, in 0.1 M cacodylate buffer pH 7.4; postfixation in 1% OsO, for 1 h, followed by alcohol dehydration, epon-
embedding, and staining according to Reynolds; mt — microtubules; Ib — lipid body; av — autolytic vacuole. Single arrows point to half unit membrane of
lipid bodies; double arrows point to tripartite unit membrane. Bar = 0.1 pm. Figs 7-9. Ultrastructural autoradiography. Incubation in 3H-palmitic acid for
40 min (Fig 7) and 120 min (Figs 8, 9). Fixation and embedding as in Fig 6. Ultrathin sections were placed on grids, coated with Ilford emulsion using pla-
tinum loop. After 7 months of exposure the preparations were developed in a phenidone containing developer; t — tonoplast; ag — autoradiographic grains;
1b — lipid body; mt — microtubules. Figs 7 and 9 — Bar = 0.2 pm; Fig 8 — Bar = 0.4 pm.
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Lipotubuloids are not enclosed in their own membranes.
Their greater part bordering to the tonoplast, because they
intrude into vacuoles. The lipotubuloids move inside the
cell as one unit with the progressive-rotary motion of auto-
nomous nature (Kwiatkowska 1972b).

Osmiophilic granules of O. umbellatum lipotubuloids are
surrounded by half unit membranes 2-3 nm thick and are
filled with nearly homogenous osmiophilic material which
allows their recognition as lipid bodies (lipid droplets),
(Kwiatkowska 1973b), similary as in other plants (Wanner
et al. 1981; Hayashi et al. 2001). Analogous structures are
called by other authors oil bodies (Leprince et al. 1998;
Napier et al. 1996; Huang 1996; Chen et al. 1999; Wu et al.
1999), oleosomes (Wanner and Theiner 1978) or spheroso-
mes (Yatsu and Jacks 1972).

During the development of O. umbellatum ovary and its
transformation into a fruit the lipotubuloids significantly
increase their dimensions and, at the final growth stage, in
their central zone, the lipid bodies begin to disappear due
to the activity of hydrolytic enzymes, consequently for-
ming lipotubuloid autolytic vacuoles (Kwiatkowska 1971b).
In the cells of ovarian epidermis which achieved its final
dimensions the lipotubuloids disintegrate into single lipid
bodies, which gradually vanish. This disintegration is pre-
ceded by the disappearance of the microtubules entwining
lipid bodies (Kwiatkowska 1971a).

Autoradiographic studies have shown that lipotubuloids
are a very active site of *H-palmitic acid incorporation and
synthesised lipids are metabolised by a cell. Ultrastructural
autoradiography suggested that microtubules might coope-
rate in synthesis or accumulation of lipids.

MATERIAL AND METHODS

Ovarian epidermis from fully developed flowers of Omi-
thogalum umbellatum L. was the subject of investigations.
The cells of the tissue were in the phase of an intense elonga-
tion growth and were characterized by the presence of a sin-
gle lipotubuloid 20-30 pm in diameter (Kwiatkowska 1971b).

Light microscope autoradiography

The carpels together with stems were immersed for 2-h in
3H-palmitic acid (25 pCi/ml, spec. ativity: 50 mCi/mmol).
In order to analyse secondary isotope localization some
carpels after incubation in the radioactive palmitic acid we-
re transferred to a Petri dish padded inside with water-moi-
stened filter paper and placed in darkness for 15-h. The epi-
dermis cut off from the ovary was fixed with 1% OsO, or
with Carnoy’s fluid (ethanol: acetic acid 3:1 v/v) for 1 h.
From Carnoy fixed preparations the lipid material was
extracted by the Keilig method (Pearse 1961). After fixa-
tion, the tissue sections were attached to gelatine-coated
slides and subsegently covered with damp cellophane and
strongly squashed. After drying, the preparations were wa-
shed in tap water and then coated with Ilford L, emulsion
in gel form. The exposure period was 6 days. After deve-
lopment, the autoradiograms were stained by the Unna me-
thod. Prior to staining the OsO,-fixed preparations were
treated with 10% hydrogen peroxide for 15 min. In thus
prepared tissue sections the lipotubuloids stained red and
conseqgently could be easily distinguished from cell nuclei
which were similar in shape and size but stained blue.

Kwiatkowska M.

Electrone-microscope autoradiography

The carpels of O. umbellatum plants shedding blossoms
were incubated in *H-palmitic acid (25 puCi/ml, spec. acti-
vity 50 mCi/mmol) for 40 and 120 min. Contiguous epider-
mis sections were fixed for 1-h in freshly prepared 1:1 mi-
xture of 2.5% glutaraldehyde and 1% OsO, in 0.1 M caco-
dylate buffer pH 7.4 at 4°C postfixed in 1% OsO, for 1-h,
followed by alcohol dehydration and epon-embedding. For
autoradiographic investigations ultrathin sections were pla-
ced on grids. Single grids with preparations were coated
with IlIford emulsion using the platinum loop (Haase and
Jung 1964). After 7 months of exposure the preparations
were developed in a phenidone containing developer (Let-
tre and Paweletz 1965) and contrasted according to Rey-
nolds (1963).

The distribution of autoradiographic grains over structu-
ral elements of lipotubuloids (+ S.E.) was estimated on the
basis of analysis of 50 electronographs.

RESULTS

Light-microscope observations

Figure 1 shows a spherical lipotubuloid in a living O.
umbellatum epidermis cell. Figure 2 presents an analogous
lipotubuloid accompanied by a cell nucleus after the epi-
dermis was fixed with 1% OsO,.

Autoradiographic analysis reveals that H-palmitic acid
is intensively incorporated in lipotubuloids (Fig. 3). Follo-
wing lipid extraction with organic solvents no labeling is
observed in lipotubuloids (Fig. 4). After 15-h postincuba-
tion in darkness selective labeling of lipotubuloids disappe-
ars and autoradiographic grains are dispersed on the wall
cells (Fig. 5).

Electronmicroscope observations

Figure 6 presents a fragment of lipotubuloid with a few
lipid bodies and microtubules. Lipid bodies (0.04-0.5
pm in diameter) are surrounded by half unit membrane ca
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Fig. 10. Distribution of autoradiographic grains over structural elements
of lipotubuloids after 2-h incubation in 3H-palmitic acid (+ S.E.); mt —
microtubules strands; mt/Ib — microtubules/lipid bodies surfaces; Ib — li-
pid bodies insid; ER — endoplasmic reticulum; gc — ground cytoplasm.
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2-3 nm thick, which is much thinner than that of endopla-
smic reticulum vesicles (ca 6.5-7 nm). Lipid bodies inte-
riors are filled with nearly homogenous, osmiophilic sub-
stance. Microtubules, running in various directions and
connecting the lipid bodies, closely adhere to a half unit
membrane surrounding these bodies. Numerous ribosomes
and polyribosomes as well as rough and smooth ER vesic-
les are present in cytoplasm. A fragment of an autolytic va-
cuole can also be seen.

The analysis of ultrastructural autoradiograms indicates
that following 40-min incubation in *H-palmitic acid 80%
of autoradiographic grains are localized over microtubules
placed between lipid bodies (Fig. 7). After 120 min incuba-
tion autoradiographic grains are mainly present above
a half unit membrane and/or the site where microtubules
adhere to lipid bodies (ca 52% of grains) (Figs 8-10); quite
many of them (27%) are still over microtubule strands run-
ning between lipid bodies; some of them (10%) are near
endoplasmic reticulum vesicles. A few of autoradiographic
grains can be seen over cytoplasm of lipotubuloids (7%)
and over lipid body insides (4%).

DISCUSSION

The present and earlier observations clearly indicate that
one of the most characteristic components of lipotubules
are osmophilic granules which correspond to lipid bodies
as they are surrounded by a half unit membrane. A similar
structure of lipid bodies was described in a previous paper
(Kwiatkowska 1973b), in which, as in the present experi-
ment, O. umbellatum epidermis was fixed in glutaraldehy-
de and OsO, mixture. The difference in thickness of lipid
bodies and ER membranes was not visible in electrono-
grams of lipotubuloids fixed only with OsO, according to
Palade (1952) (Kwiatkowska 1971a, b, 1972b).

Several authors’ papers show that lipid body membranes
contain phospholipids and alkaline protein-oleosin, mole-
cular mass 15-24 kDa (Qu et al. 1986; Napier et al. 1996),
which prevent lipid bodies coalescence during seed imbibi-
tions (Leprince et a. 1998). Oleosin is characteristic of both
angiosperm and gymnosperm (Wu et al. 1999). Apart from
oleosin in sesame-oil bodies three minor proteins of higher
molecular mass were also identified (Chen et al. 1998) and
termed Sops 1-3. Sop 1, named caleosin, exists in diverse
seed oil bodies and is a putative calcium binding protein
(Chen et al. 1999).

The present ultrastructural autoradiographic studies sug-
gest, that the surface of the lipid bodies surrounded with
half unit membrane may be the active site in the lipid syn-
thesis. These observations comply with the hypothesis as-
suming that lipid bodies originate from the triacylglyceride
accumulation in the lypolytic central layer of the endopla-
smic reticulum membrane being the site of fat synthesis
and separated halves of ER membrane cover lipid bodies
(Frey-Wyssling et al. 1963; Wanner et al. 1981; Huang
1996; Napier et al. 1996; Chen and Tzen 2001).

Another very characteristic component of lipotubuloids
are microtubules running in various directions entwining
and connecting lipid bodies.

The fact that a considerable majority of autoradiographic
grains after 40-min incubation in 3H-palmitic acid is locali-
sed over the microtubule strands of lipotubuloid, adjoining
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the lipid bodies or running in between, leads to the as-
sumption that lipotubuloid microtubules are associated
with lipid metabolism. Biochemical studies prove that
a number of enzymes, the ones of fat metabolism among
them, are connected with microtubule proteins (Luduena
1979). A 90-kD phospholipase D has been shown recently
to bind and decorate microtubules in plant cells in a cosedi-
mentation assay (Gardiner et al. 2001; Gardiner et al. 2003;
Dhonukshe et al. 2003). Thus it may be assumed that *H-
-palmitic acid may form a complex with these enzymes
close to the microtubules, which is suggested by their labe-
ling. Massive occurrence, following 2-h incubation in 3H-
-palmitic acid, of autoradiographic grains on the periphery
of the lipid bodies in the site of microtubules adjoining the-
ir surface leads to the assumption that bound fatty acids are
transported along the microtubules to the sites of their in-
corporation into lipid bodies.

The micrographs presented demonstrate that lipotubulo-
ids are not only a site of lipid material deposition. They
constitute a cytoplasmic domaine in which a very intense
synthesis of lipids, or at least combinning of fatty acids
with glycerophosphate, occurs. The lipids synthesised insi-
de the lipotubuloids are used up by the epidermal cells,
which is proved by the disappearance of the lipotubuloid
selective labeling after 15-h postincubation in the dark.
These lipids are metabolised by a cell and resulting compo-
unds are incorporated into different synthesis processes.
Earlier studies showed that after postincubation autoradio-
graphic grains scattered over a cell did not disappear com-
pletely as a result of lipid extraction (Kwiatkowska 1972c).
On paraffined crossections of O. umbellatum ovarian epi-
dermis following 8-h postincubation the radioactive sub-
stance non-extractable with lipid solvent was localized ma-
inly in the outer layer of the cell wall just beneath the cuti-
cula (Fig. 6, Kwiatkowska 1972c). Thus a hypothesis mi-
ght be put forward that components of a cell wall or cuticu-
la are the main cell elements synthesised from radioactive
molecules. Their intensive synthesis coinciding with the
period when lipotubuloids are biggest is evident since it is
the time when cell growth is most intensive (when the lat-
ter process stops lipotubuloids disappear). The highest sur-
face area of epidermal cells increment (ca 2400%) falls to
the relatively short period from coming into flower to its
drying up lasting, depending on the weather, 3 to 5 days
(Kwiatkowska 1971b).

The above data clearly indicate that lipotubuloids are an
important element of O. umbellatum ovarian epidermis pla-
ying a significant role in cell metabolism. Research on the-
se unusual structures, not being the focus of interest to da-
te, may elucidate the function of both lipid bodies and mi-
crotubules, and their possible functional relationship.

It seems certain that autonomous progressive-rotary mo-
tion of lipotubuloids inside the whole cell (1972b) greately
facilitates both infiltration into them of components neces-
sary for lipid synthesis and out of them substances distribu-
ted inside a cell. The motion of O. umbellatum lipotubulo-
ids will be the subject of further investigation.

ACKNOWLEDGEMENTS

I dedicate the paper to the memory of Professor Anna
Watek-Czernecka on the 25-anniversary of her death. I also



186 INCORPORATION OF 3H-PALMITIC ACID INTO LIPOTUBULOIDS

thank Dr. Edmond Puvion from Institut de Recherches
Scientifiques sur le Cancer (Villejuif, France) for his valu-
able help in realization of EM autoradiodraphy.

LITERATURE CITED

CHEN E.C.F., TAI S.S.K., PENG C.C., TZEN J.T.C. 1998. Iden-
tification of three novel unique proteins in seed oil bodies of
sesame. Plant Cell Physiol. 39: 935-941.

CHEN J.C.F., TSAI C.C.G., TZEN J.T.C. 1999. Cloning and se-
condary structure analysis of caleosin, a unige calcium — bin-
ding protein in oil bodies of plant seeds. Plant Cell Physiol.
40: 1079-1086.

CHEN J.C.F., TZEN J.T.C. 2001. An in vitro system to examine
the effective phospholipids and structural domain for protein
targetin to seed oil bodies. Plant Cell Physiol. 42: 1245-1252.

DHONUKSHE P., LAXALT A.M., GOEDHART J., GADELLA
T.W.J., MUNNIK T. 2003. Phospholipase D activation corre-
lates with microtubule reorganization in living plant cells.
Plant Cell 15: 2666-2679.

FREY-WYSSLING A., GRIESHABER E., MUHLETHALER K.
1963. Origin of spherosomes in plant cells. J. Ultrastruct. Res.
8:506-516.

GARDINER J.C., HARPER J.D.I., WEERAKOON N.D., COL-
LINGS D.A., RITCHIE S., GILROY S., CYR R.J., MARC J.
2001. A 90-kD phospholipase D from tobacco binds to micro-
tubules and plasma membrane. Plant Cell 13: 2143-2158.

GARDINER J.C., COLLINGS D.A., HARPER J.D.I., MARC J.
2003. The effects of phospholipase D-antagonist 1-butanol on
seedling development and microtubule organization in arabi-
dopsis. Plant Cell Physiol. 44: 687-696.

HAASE G., JUNG G. 1964. Herstellung von Einkornischichten
aus photographischen Emulsion. Naturwiss 51: 404-405.

HAYASHI G., HAYASHI M., HAYASHI H., HARA-NISHI-
MURA 1., NISHIMURA M. 2001. Direct interaction between
glyoxysomes and lipid bodies in cotyledons of the Arabidopsis
thaliana ped1 mutant. Protoplasma 218: 83-84.

HUANG A.H.C. 1996. Oleosins and oil bodies in seeds and other
organs. Plant Physiol. 110: 1055-1061.

KWIATKOWSKA M. 1961. Elajoplasty goryczek Cz. II. Obser-
wacje na materiale utrwalonym. Acta Soc. Bot. Pol. 30: 371-
380. (in Polish with French summary)

KWIATKOWSKA M. 1963. Elajoplasty dalii. Zeszyty Nauk.
UL, Nauki Matematyczno-Przyrodnicze S Il Zeszyt 14: 81-91.
(in Polish with French summary)

KWIATKOWSKA M. 1966. Investigation on the elaioplast of
Omithogalum umbellatum L. Acta Soc. Bot. Pol. 35: 7-16.

KWIATKOWSKA M. 1971a. Fine structure of the lipotubuloids
(elaioplasts) in Ornithogalum umbellatum L. Acta Soc. Bot.
Pol. 40: 451-465.

KWIATKOWSKA M. 1971b. Fine structure of the lipotubuloids
(elaioplasts) in Omithogalum umbellatum in the course of the-
ir development. Acta Soc. Bot. Pol. 40: 529-537.

KWIATKOWSKA M. 1972a. Fine structure of the lipotubuloids
(elaioplasts) in Malva neglecta and Althaea rosea. Acta Soc.
Bot. Pol. 41: 13-19.

KWIATKOWSKA M. 1972b. Changes in the diameter of micro-
tubules connected with the autonomous rotary motion of the
lipotubuloids (elaioplasts). Protoplasma 75: 345-357.

Kwiatkowska M.

KWIATKOWSKA M. 1972¢. Autoradiographic studies on the in-
corporation of [*H]palmitic acid into lipotubuloids of Omitho-
galum umbellatum L. Folia Histochem. et Cytochem.10: 121-
-124.

KWIATKOWSKA M. 1973a. Polysaccharides connected with
microtubules in the lipotubuloids of Omithogalum umbellatum
L. Histochemie 37: 107-112.

KWIATKOWSKA M. 1973b. Half unit membranes surrounding
osmiophilic granules (lipid droplets) of so-called lipotubuloid
in Ornithogalum umbellatum. Protoplasma 77: 473-476.

LEDBETTER M.C., PORTER K.R. 1963. A “microtubule” in
plant cell fine structure. J. Cell Biol. 19: 239-250.

LEPRINCE O., VAN AELST A.C., PRITCHARD H.W., MUR-
PHY D.J. 1998. Oleosins prevent oil-body coalesence during
seed imbition as suggested by a low temperature scanning
electron microscope study of desicciation-tolerant and -sensiti-
ve oilseeds. Planta 204: 109-119.

LETTRE H., PAWELETZ N. 1965. Probleme der elektronen-mi-
kroskopischen Autoradiographie. Naturwiss 53: 268-271.

LUDUENA R.F. 1979. Biochemistry of tubulin in: Microtubules,
K. Roberts, J.S. Hyams, (eds) Acad. Press London, New York,
Toronto, Sydney, San Francisco, pp. 66-115.

NAPIER J.A., STOBART A K., SHEWRY P.R. 1996. The struc-
ture and biogenesis of plant oil bodies: the role of the ER
membrane and the oleosin class of proteins. Plant Molecular
Biology 31: 945-956.

PALADE E. 1952. A study of fixation for the electron microsco-
py- J. Exp. Med. 95: 285-290.

QU R., WANG S.M,, LIN G.H., VANCE V.B., HUANG A H.C.
1986. Characteristic and biosynthesis of membrane proteins of
lipid bodies in the scutella of maize (Zea mays L.) Biochem. J.
234: 57-65.

RACIBORSKI M.C. 1895. Elajoplasty liliowatych. Rozpr. Ak.
Mat. Przyr. S 11, 6. (in Polish)

PEARSE A.G.E. 1961. Histochemistry, theoretical and applied.
Ed Churchill Ltd, London.

REYNOLDS S.S. 1963. The use of lead citrate of high pH as an
electron-opaque stain microscopy. J. Cell Biol. 17: 208-212.
TANI E., AMETANI T. 1970. Substructure of microtubules in
brain nerve cells as revealed by ruthenium red. J. Cell Biol.

46: 159-165.

TOURTE G. 1964. Observations sur 1’ infrastructures des elaio-
plastes chez Haemanthus albiflos. C.R. Soc. de Biol. 158:
1712-1715.

WAKKER ILH. 1888. Studien iiber die Inhaltskorper der Pflan-
zenzelle. Jahrb. F. Wiss. Bot. 19: 423-496.

WALEK-CZERNECKA A., KWIATKOWSKA M. 1961. Elajo-
plasty §lazowatych. Acta Soc. Bot. Pol. 31: 539-543. (in Polish
with French summary)

WANNER G., FORMANEK H., THEIMER R.R. 1981. The
ontogeny of lipid bodies (spherosomes) on plant cells. Planta
151: 109-123.

WANNER G., THEIMER R.R. 1978. Membraneous appendices
of spherosomes (oleosomes). Possible role in fat utilization in
germinating oil seeds. Planta 140: 163-169.

WU L.S.H., HONG, HOU R.F., TZEN J.T.C. 1999. Classifica-
tion of the single oleosin isoform and characterization of seed
oil bodies in Gymnosperms. Plant Cell Physiol. 40: 326-334.

YATSU L.G., JACK T.J. 1972. Spherosome membranes. Plant
Physiol. 49: 937-947.



		2012-02-20T21:26:58+0100
	Polish Botanical Society




