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ABSTRACT

Transcytosis was examined in the parenchymal cells of the vegetative tissues of Ginkgo biloba with electronic microscopy, with the
following results. (1) There are two possible modes of transcytosis based on morphological characteristics, involving either the
transportation of pit fields or endocytosis and exocytosis. No plasmodesmata were observed in the parenchyma of any vegetative ginkgo
tissue. (2) Pit fields in the cell walls of the parenchyma are simple symmetric pits, with 3—5 usually joined together like beads. The
thickness of the adjacent cell walls is about 1 pm, and the diameter of the narrowest pit field is 0.2—0.3 um. Cellular organelles congregate
near the pit. (3) There is a great deal of endocytotic and exocytotic activity in the parenchymal cells. There are at least two forms of
endocytosis: receptor-mediated endocytosis and fluid-phase endocytosis, in which ellipsoid or spherical microcysts with diameters of
approximately 0.05-0.1 pm, separately imbibe the large macromolecular liquid-phase substances dissolved in the matrix. (4) When
endocytosis and exocytosis begin, the part of the plasma membrane next to the cell wall sinks, forming a ligand-coated pit, afterwards
wrapping the receptor within the caveola. The plasma membrane near the cell wall adheres to it and separates from the plasma membrane
to form coated vesicles, which then enter the cell. Finally, the ligand partially or entirely decomposes, and the caveola enters the cell via a
lysosome. (5) In mesophyll cells, the plasma membrane extends gemma-like extrusions after it sinks, part of which form sub-gemma.
These separate from the venter-gemma to enter the cytosol. In endocytosis, there are two types of sub-gemma vesicles: the electron

density of one is low, similar to that of the liquid phase, and the other has a rich fibrous stripe structure.
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INTRODUCTION

In the middle of the 1970s, after Steinman et al. first dis-
covered the system of plasma membrane recycling and
Goldstein et al. completely described the receptor-mediated
endocytosis of low-density lipoproteins, endocytosis became
a hotspot of research within the discipline of cytobiology.
Research has shown that endocytosis is the essential way in
which nearly all true nucleated cells absorb macromolecular
matter from the extracellular matrix. Many macromolecules
are involved, including hormones, growth factors, and trans-
port proteins, which carry nutrients or regulatory signals,
lysosomal enzymes, immunoglobulins, viral toxins, and
macromolecular organic matter (Willingham and Pastan
1984), which synthesize manually. However, with electron
microscopy, the Japanese scholar Yamada (1955) first ob-
served the caveolae, which exist in the plasma membrane.
These were later confirmed to be the actual cellular organ
that transports some macromolecules in the process of
endocytosis. Anderson (1991) used an electron microscope
to discern the characteristic shape of the caveolae, obser-
ving a fibrous stripe in each caveola, and reporting that
sometimes many caveolae are connected into strings. An-
derson proposed that the caveolae not only transport macro-
molecular matter into the cell but also perform the physio-
logical function of transmitting certain information.

The ginkgo is a unique gymnosperm in China and was
extremely abundant in the Jurassic Period of the Mesozoic
era, the “golden age” of the ginkgo, when there were at
least 14 species. From the last stages of the Tertiary period
to the early Pleistocene, many ginkgo plants had already
become extinct as a result of the prevailing glaciation. Only
one species remains extant in our country and this prehis-

toric gymnosperm has a rich and unique character in both
botanical and molecular biological terms. There has been
much research into endocytosis and exocytosis in the medi-
cal domain (Caldwell and Slapnick 1992; Smart et al. 1995).
However, endocytosis and exocytosis in the gymnosperms
has not been reported until now. In this study, we investi-
gated some of the cytobiological characteristics of this tree
and its vegetative organs. We report here these tissues and
mechanisms of ginkgo, initially at the cellular level.

MATERIALS AND METHODS

Mature fruit of the variety “MaLing” were picked from large adult
Ginkgo biloba trees at the Jiangyan Fruit Tree Testing Facility, in
Jiangsu Province. These were then stratified at low temperature,
and the seeds were sown into a matrix of pure perlite. The seed-
lings were raised in an illuminated temperature-controlled incuba-
tor, at 25°C with sunlight for 8 h per day, for about 20 days. When
the seedlings were about 3—5 cm high, with 2-3 young leaves, we
began to take samples. Samples of roots consisted of root sections,
about 2 mm long, taken from the root hair area, to within about 0.5
cm of the root point. The stem samples consisted of 2 mm stem
sections taken to within about 1 cm of the stem point. The mate-
rials were fixed in 3% glutaric dialdehyde fixer for 3 h, then
washed three times with buffer solution (pH 7.0), and fixed with
1% perosmic acid for 3 h. The samples were dehydrated in a gra-
ded series of ethyl alcohol, treated with epoxypropane, embedded
in Epon812, and dried in a drying oven at different temperatures
(35, 45, 60°C) for 24 h. Ultrathin sections were cut, and these
were observed and photographed with an electron microscope.
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RESULTS AND ANALYSIS

Ultrastructural observations of transportation in
pit fields

When the sections were observed with an electron micro-
scope, we discovered that the primary pit fields (Fig. 1) in
the parenchymal cells of vegetative tissues occur singly, in
pairs, or as 3-5 pits tightly joined in a bead-like form.
Whereas the other parts of the plasma membrane appear
thick, with a diameter of 1-1.5 um, the plasma membrane
containing the pits is thin, with a diameter of only 0.2-0.3
um. The pits form channels between the cells. This kind pit
does not have a secondary wall and its structure is simple; it
is a simple symmetric pit. The cellular organelles are clus-
tered relatively dense in the pit, especially mitochondria,
some microbodies, and starch grains. The pit field is the pri-
mary locus and channel for the transportation of materials
and for cell signaling. In the parenchymal cells of the vege-
tative tissues of ginkgo, these cellular organelles may be ne-
cessary for both transportation and signaling. Thus, trans-
portation across the cells is active transport and therefore
requires energy. Starch and chondriosomes are the sources
and donors of this energy. However, after observation of
many sections of vegetative tissues, including root, stem,
and leaf tissues, we report that no plasmodesmata are pre-
sent in these tissues. In most plants, plasmodesmata exist in
the cell walls of parenchymal cells, especially in the pit
field, and these channels are completely responsible for the
transportation of materials and the cell signaling of these
cells.

Observation of receptor-mediated endocytosis in
the parenchymal cells of ginkgo vegetative tissues

In these cell sections, we observed that at the beginning of
receptor-mediated endocytosis, part of the plasma membrane
near the cell wall forms a receptor (Fig. 2) by invagination,
thus forming coated pits. Caveolae and the materials for
ligand-mediated endocytosis gradually move to the center
of the coated pit. The coated pits are ellipsoid or round, and
differ in size. Their diameters are 50-90 nm and their elec-
tron density is high. They have a dispersed distribution in
the coated pits (Fig. 3). The coated pit, in which the recep-
tors and ligands are combined, undergoes further invagina-
tion. Two langmuir, which are on the nonplasma membrane,
begin to fuse (Fig. 4). With fusion, the plasma membrane
gradually fractures and detaches from the cell plasma mem-
brane to form an early endosome from the coated vesicles
before it enters the cell (Fig. 5). The early endosome, which
is free in the protoplasm, gradually becomes a late endo-
some. The late endosome is dissolved by proteolytic en-
zymes. The structure of some membranes begins to fracture
(Fig. 6). The caveolae are released from the endosome and
move into the protoplasm, to complete the endocytosis (Fig.
7). Further observations showed that there are two types of
caveolae, which are free in protoplasm. The most common

are all ellipsoid, and have a signal membrane and a complex
internal structure. These caveolae have a complex intima
system, like the cristae of the chondriosome, with other
electron-brilliant clear areas (Fig. 8). The other type of
caveola has single membranes that encase corpuscles. The
corpuscles are highly electron dense and are joined together.
There is a highly electron-dense material in the center of the
corpuscle, like a nucleus (Fig. 9). Through ultrastructural
observations, we have confirmed that the caveolae consti-
tute real cellular organs, as suggested by Anderson (1991).
When it was recognized that caveolae have a variety of
structures, it was proposed by Fujimoto ef al. (1992) and
Travis (1993) that this validated, to a certain extent, the dif-
ferent physiological functions of the caveolae.

Observation of gemma-like extensions and liquid-
phase endocytosis in ginkgo vegetative
parenchymal tissues

We observed gemma-like extensions in liquid-phase endo-
cytosis, especially in young leaf tissues. After the gemma-
like extensions are produced, the plasma membrane fuses to
form baggy or cystoid venter-gemma (Fig. 10), containing
an anomalous substance. The plasma membrane of the ven-
ter-gemma then begins to form one or more sub-gemma
(Fig. 11). The sub-gemma gradually grows and matures.
When it is close to the signal membrane, which is con-
nected to the main gemma, it begins to fuse and detaches
from the venter to form small vesicles, which are free in the
protoplasm. At this time, endocytosis is complete (Fig. 11).
After the mature sub-gemma detaches from the venter-gem-
ma, a new sub-gemma is formed on the venter-gemma. The
venter-gemma does not detach from the plasma membrane,
but stays on the plasma membrane for a long time. A micro-
graph shows this substance and that the small vesicles have
single membranes. This kind of gemma is regularly sphere-
cal or irregular, and contains a substance that is a brilliantly
clear liquid, which is free in the protoplasm after endocy-
tosis. The region adjacent to the cell protoplasm is electron
dense. Another small vesicle had a structure with abundant
nemaline stripes (Fig. 12).

DISCUSSION

The cell is an open system, in which all the activities of life
occur, so there must be an exchange of matter between the
cells themselves and with the environment. There are two
modes of transportation across cells: symplastic transport
and transmembrane transport. Symplastic transport always
involves the plasmodesmata between neighboring cells,
which can transport most of the matter in the cells, inclu-
ding water, mineral nutrients, and signals (Robards and
Lucas 1990; Yu et al. 1998). The transportation of organic
nutrients inside the cell also occurs through the plasmodes-
mata. Research has shown that even the karyon can move
through the plasmodesmata (Guo et al. 1990; Ding et al.
1999). However, according to the results of this study, there

Fig. 1 Channels in parenchymal cells of the
ginkgo apical stem. (a) One primary pit field,
CW = cell wall, M = mitochondria, S = starch,
(Bar = 0.5 um); (b) a group of primary pit fields
(Bar =1 um).
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Figs 2-12. (2) Plasma membrane begins to sink and to form a coated pit, CM = cell membrane, cp = coated pit. Bar = 200 nm. (3) Caveola begins to
assemble and to form a coated pit. Bar = 200 nm. (4) The nonplasma membrane begins to fuse. Bar = 1 pm. (5) The plasma membrane gradually fractures
after fusion. cv = coated vesicle. Bar = 0.5 um. (6) The structures of some membranes begin to fracture. Bar = 1 pm. (7) A caveola is released from the
endosome. Bar = 1 um. (8) One type of caveola has an abundant intima system. Bar = 100 nm. (9) Highly electron-dense material in the center of the
corpuscle, like a nucleus. Bar = 200 nm. (10) Plasma membrane fuses to form a baggy or cystoid venter-gemma. Bar = 0.5 pm. (11) Endocytosis is
complete. Bar = 0.2 pm. (12) Small vesicle has a structure with abundant nemaline stripes. Bar = 0.5 pm.
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are no plasmodesmata in the parenchymal cells of the vege-
tative tissues of ginkgo. We only observed areas of cellulose
containing single pit fields, with no plasmodesmata in the
ultrastructure of the pit fields, which transgresses classical
botanical theory. Whether there are no plasmodesmata in
the parenchymal tissues of ginkgo, or our observations are
artifacts of the sampling process, sample treatment, electron
microscopy, or our experimental technique, this study must
be repeated to confirm our conclusions. In these experi-
ments, we also observed that many organelles, especially
mitochondria, are distributed around the pits field, which
indicates that the pit field is an active metabolic area.
Further chemical analysis of the H'-ATPase enzyme in this
transmembrane region will confirm the function of the pit
field in transport between cells.

There are many ways to study endocytosis and classical
morphological observation is always effective. Using che-
mical technology to trace cells with electron microscopy or
light microscopy allows us to observe the progress of the
ligand undergoing endocytosis into the cell after it has
bound its receptor in the plasma membrane, or as it moves
between cells. Depending upon the mode of endocytosis,
researchers often use receptor-mediated endocytosis tracers,
such as low-density lipoprotein receptors, adsorptive endo-
cytosis tracers, such as some lectins and cationic ferritin,
and liquid-phase endocytosis tracers, such as horseradish
peroxidase. Furthermore, biological and chemical methods
have been used to study the progress of endocytosis. With
the popularization of molecular biology technology, the
components of the membrane vesicles have been analyzed.
This research has also penetrated to the molecular level,
involving the cloning of genes, the purification of receptor
proteins, changing the receptor for gene heterogeny, and the
study of the endocytosis of some membrane proteins. There
have been many studies of endocytosis (Ouyang and Xie
1996). In this study, we primarily confirmed that the trans-
membrane in the parenchyma of G biloba functions as plas-
ma membrane vesicles in endocytosis to transport at least
liquids. We observed that the receptor was derived and the
ligand entered the protoplasm. However, further study is re-
quired to establish whether the endocytosis of the receptor
and ligand is recirculated or derived. Our results indicate
that the ligand caveola has the character of a cellular orga-
nelle. The emphasis of our future study will be the other
roles of endocytosis in the mitosis, tissue development, etc.,
in ginkgo.

During the process of endocytosis in the cells of the
parenchymal tissues of the leaf, we observed that the
caveolae had obvious fibrous stripes. This is consistent with
the results of Anderson, who investigated the permeability
of the rat lung in the early 1990s. Lisanti thought that the
caveolae were a major component of signal transmission,
and could internalize the signals of hormones, growth fac-
tors, and extracellular regulators. Many receptors on the
surface of the cell, such as the -adrenergic receptor, bacte-
rial toxins modified by the G-protein, the M-acetylcholine
receptor, and chromium trichloride, all occur in caveolae.
However, for now, the transmission of signals by the cave-
olae is not supported by direct experimental evidence. Lis-
antl et al. (1995) considered that signals outside the cell

enter the microregion of the caveolae through glycosyl-
phosphatidylinositol (GPI)-ankyrin on the plasma mem-
brane. With the help of out space of membrane lipid bilayer
of two lipid unsaturation of GPI-ankyrin, could the signal
molecule recognizes GPI-ankyrin and reacts with it. Mean-
while, the caveolae react with the G-protein or tyrosine
kinase, after which the signal outside the cell is transmitted
into the cell and a physiological effect ensues. Indirect
proof lies in the caveolae structure and the activity of H'-
ATPase hydrolase, and so on, when cells were dissolved by
eradicator with non-hydronium and observed by electron
microscopy. Many analyses of the caveolae are in progress
both here and abroad (Qiu 1999; Zhao et al. 2002; Wen ef al.
2004).
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