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Summary : Cytological structure and ion channel distribution in sunflower zygotic and
somatic embryos, somatic tissues and callus were investigated. A protoderm formed at the
end of the proglobular embryo stage, in both zygotic embryos and somatic embryos. The
protoderm cells showed a highly cytoplasmic-rich character compared with the inner
embryonic cells and callus cells, which were more vacuolated. Both cytofluorometry and
confocal microscopy revealed differential labeling patterns of DM-Bodipy PAA
(phenylalkylamine) in embryonic and non-embryonic tissues. DM-Bodipy PAA intensively
labeled the protoderm and epidermis cells in both zygotic and somatic embryos. The callus
exhibited labeling on sites where somatic embryos developed. Labeling was very weak in
leaves, shoots and roots, except in the root cap and in the epidermis of the root. Considering

that the location of phenylalkylamine binding sites is related to K+- and especially Ca2+-
channels in both animal and plant cells, and that high labeling levels were observed in root tip
and epidermis, the high intensity of labeling observed in the protoderm and epidermis of
zygotic and somatic embryos points to the function of ion exchanges via ion channels.
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INTRODUCTION

Higher plant tissues at the interface between the plant body and the external medium are
essential sites for communication between plants and the environment, which calls attention
to the functions of the plant epidermis system, especially in signal transduction pathways. To
date, it is well known that ion channels play an important role in signal transduction and are
also involved in the control of morphogenesis in plants (Ward et al. 1995; Cho and Hong
1996). A fluorescently labeled phenylalkylamine (DM-Bodipy PAA) that blocks the L-type
Ca2+-channel activity in animal cells (Norris and Bradford 1985) has been used as a probe for
labeling Ca2+-channel antagonist binding sites in animal cell membranes (Knaus et al. 1992).
And recently, this probe was used to label phenylalkylamine (PAA) binding sites in sunflower
protoplasts (Vallée et al. 1997, Vallée et al. 1999) and embryos (XuHan et al. 1999). In the
present work we used electron microscopy to compare sunflower zygotic and somatic
embryos, to identify in vitro embryonic tissue structure, and used DM-Bodipy PAA to study
the distribution of PAA binding sites with confocal microscopy. Special attentions are paid to
the epidermis system.

MATERIALS AND METHODS

Plant materials Sunflower (Helianthus annuus L. genotype HA300B) zygotic embryos at different stages were
isolated. Mature zygotic embryos were germinated in a culture medium containing MS salts (Murashige and
Skoog 1962). The embryos, leaves, shoot apices and roots were collected for investigations. In vitro culture of
immature zygotic embryos was performed by placing heart to late cotyledonary embryos on a modified MS
medium to induce uneven callogenesis. Somatic embryogenesis was induced on peeled strips of the hypocotyl,
according to Pélissier  et al. (1990).

Light and electron microscopy Tissue samples were fixed in 3% paraformaldehyde and 0.5% OsO4, both in
PBS puffer at pH 7.0.  After dehydration, the samples were embedded in a Spurr resin. Semithin sections and
ultrathin sections were stained and observed by conventional light microscope and electron transmission
microscope.

Probe loading  and controls A Ca2+-channel probe DM-Bodipy PAA, and a Ca2+-channel antagonist (-)-
Bepridil, were used. Embryos, leaves, shoot apexes and calli, obtained from both zygotic and somatic pathways,
were hand-cut in approximately 0.5-1 mm thick sections. These samples, and whole root tips, were successively
incubated in 1 µM DM-Bodipy PAA solution at 25°C in Eppendorf tubes for at least 30 min, rinsed in MS-120
medium, and mounted in an observation chamber (Fig. 1). Samples incubated in MS-120 medium without DM-
Bodipy PAA were used as controls of autofluorescence. Samples incubated in MS-120 medium with
unconjugated Bodipy (Bodipy FL) were used as control for the specific binding. Specificity of DM-Bodipy PAA
labeling was determined by measuring fluorescence on the same site after washing samples in 100µM (-)-
Bepridil and MS-120 medium.

Quantitative image analysis of fluorescence A Leitz orthoplan microscope (Weitzlar, Germany) was used.
Acquisition time and settings of microscope and camera were maintained the same for all measurements.
Fluorescence images were analyzed in three zones, i.e. the outer layers with protoderm or epidermis, the inner
tissue part, and the inner tissue near the cut edge (Ref. Fig. 1). In statistical comparison, standard analysis of
variance and Sheffe’s multiple comparison procedures (risk level α = 0.05) were used for in total 80 embryo
transverse sections.

Confocal Laser Scanning Microscopy (CLSM) A confocal laser scanning microscope (Zeiss LSM 410
Microsystem, Germany) equipped with an Argon-ion laser (excitation at 488 nm with a 510-525 nm emission
filter) was used to analyze DM-Bodipy PAA labeling.
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Fig. 1. Schematic representation of tissue preparation for tissue samples and measurement in transverse sections
in an observation chamber. Fig. 2.  a) Sunflower zygotic embryos (a – c) and somatic embryos (d – e). A zygotic
embryo (Em) at transition from the proglobular stage to globular stage, when the protoderm formed. Bar = 20
µm. b) Zygotic embryo at globular stage. The suspensor (Sp) elongated in the micropylar end. Bar = 20 µm. c)
Electron micrograph showing a part of a globular embryo. Note the close contact between the embryo and the
endosperm tissue (En). Bar = 5 µm. d) Somatic embryos developed on the callus derived from the original
hypocotyl epidermal layers cultured in vitro. Bar = 5 mm. e) Somatic embryo (SEm) which showed a highly
cytoplasmic-rich character compared with the adjacent, very vacuolated callus cells (Ca) and the inner
embryonic cells. Bar = 20 µm. Fig. 3. Fluorescence intensities of DM-Bodipy PAA labeling in the protoderm,
inner tissue and cut face of transverse sections of zygotic embryos. Data represent the mean ± s.e. of 80 sections.
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RESULTS

Development and structure of protoderm

From the third day to the fourth day after anthesis, a protoderm was formed on the outermost
layer of the globular embryo (Fig. 2a). During embryogenesis, embryonic protoderm cells
remained cytoplasmic-rich for a longer time than the internal cells (Fig. 2b). The suspensor at
the embryo basal end, elongated in the micropylar part  (Fig. 2b). At ultrastructural level, the
suspensor cells were found less cytoplasmic than the embryo proper cells (Fig. 2c). In somatic
embryogenesis, somatic embryos were induced from hypocotyl epidermal layer cultures. The
embryos usually developed on the superficial part of the callus derived from original
hypocotyl epidermal layers  (Fig. 2d). A protoderm was also formed on the embryos, and it
was the cell layer with the denser cytoplasm, and the callus cells were most vacuolated (Fig.
2c).  No protoderm-like structures were observed on the callus itself.

Quantification of DM-Bodipy PAA labeling in zygotic embryos

When loaded with DM-Bodipy PAA, the tissues of the zygotic embryos showed significantly
higher fluorescence intensity than the autofluorescence level. Statistical comparison of the
mean fluorescence measured in various parts of the sections revealed that the fluorescence in
the outer cell layers was significantly stronger than that in cells of the inner tissues, even
when the inner tissues were the borders of the radial cut-face (Ref. Fig. 1). In all parts of the
samples the probe-induced fluorescence signal was significantly reduced by (-)-Bepridil, but
remained higher than the autofluorescence level. An estimate of DM-Bodipy PAA specific
fluorescence was obtained by subtracting the mean fluorescence measured after incubation
with (-)-Bepridil from the mean fluorescence measured before (-)-Bepridil treatment (Fig. 3).

Confocal analysis of embryonic and non-embryonic tissues

Zygotic embryos and germlings The protoderm and the suspensor of the zygotic embryos
showed a strong DM-Bodipy PAA signal from the globular stage and onwards (Figs. 4 - 5).
When whole mount embryos were analyzed by CLSM, signals were often faint, due to the
thickness of the embryo proper (see e.g. Figs. 4 h, i and 5). In mature embryos, the protoderm
or epidermis of cotyledons and hypocotyl showed also a strong labeling. After germination,
the labeling in the outermost cell layers disappeared. Leaf primordia and the shoot apex did
not exhibit DM-Bodipy PAA labeling either. In contrast, in the root tips, the root cap, the
protoderm without root hairs, and the epidermis with root hairs were strongly. The cell layers
covered by the root cap also showed a strong signal.

In vitro cultured zygotic embryos In immature zygotic embryos cultured in vitro, the lower
cotyledon, which was in direct contact to the culture medium, lost its smooth epidermis,
enlarged and became callogenic. The embryo axis and the upper cotyledon kept the normal
developmental pattern of germination and still exhibited DM-Bodipy PAA labeling at their
outer cell layers. The cells at the periphery of the callus were not labeled.

Callus and somatic embryos In cultured epidermal strips, the original epidermis, which
attached to the callogenic subepidermal tissue, showed a strong labeling. Most callus cells
showed no or only a very weak fluorescence, except in the areas where somatic embryos were
to be formed. Calli which did not develop protoderm and epidermis, did not show labeling.
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When somatic embryos developed further, they showed a fluorescence pattern similar to that
of zygotic embryos: a signal was only observed in the outermost cell layers (Fig. 6).

Fig. 4. Series of optical sections of an intact zygotic embryo at the globular stage labeled with DM-Bodipy PAA
and observed by CLSM. Note the strong labeling in the outer cell layers and the suspensor (arrow). Bar = 100
µm. Fig. 5. Series of optical sections of an intact zygotic embryo at the heart-shaped stage labeled with DM-
Bodipy PAA as observed by CLSM. The outer cell layers and the suspensor (arrow) are strongly labeled. Bar =
200 µm. Fig. 6. Confocal optical section of a somatic embryo on callus. Note the intensive DM-Bodipy PAA
labeling of the protoderm (p). (em) embryo, (c) callus. Bar = 100 µm. Fig. 7. Schematic representation of DM-
Bodipy PAA labeling (grey shades) in embryos and plants of sunflower during the development of zygotic
embryos to plants ( ), during the culture of zygotic embryos ( ), and during the culture of hypocotyl strips
giving rise to somatic embryos ( ).

DISCUSSION

Fluorescent probes provide useful tools to study cytomorphogenesis during embryo
development in vivo and in vitro (XuHan et al. 1995; Timmers et al. 1996). Combined with
structural analysis, we defined a particular binding region of DM-Bodipy PAA in sunflower
tissues. Because PAA binds to plasma membranes (Vallée et al. 1997), inhibits Ca2+ influx or
blocks Ca2+-channel activity (Piñeros and Tester 1997), binds to isolated Ca2+-channel
peptides, and affects the activity of K+-selective channels (Terry et al. 1992), its binding sites
in plant tissues seem highly relate to the K+- and especially Ca2+-channel sites. As
summarised in Fig. 7, strong DM-Bodipy PAA labeling signals have been recorded in the
suspensor, the protoderm and the epidermis of both zygotic and somatic embryos, but a weak
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fluorescence was observed in the inner embryonic tissues and also in non-embryonic tissues
with the exception of the root tips. The weak labeling is considered to represent a low density
of PAA binding sites. The similarities in the labeling pattern found in the zygotic and somatic
embryos point to similar properties and functions of their epidermal cells. The strong labeling
of the suspensor of the zygotic embryo of sunflower can be related to the critical role played
by this structure during early embryogenesis, e.g. the transport of nutrients and growth
regulators (Yeung and Meinke 1993). The labeling of the protoderm of the zygotic embryo
could be linked to the transfer of nutrients and signalling molecules from the endosperm or
maternal tissues to the embryo proper. The differences between the labeling of the root and
the shoot apex further indicate the function of the tissue bearing ion channels in the light of
ion exchange. It is likely that there are two types of epidermis in sunflower plant, one not
labeled and functioning in protection, the other one intensively labeled and probably also
functioning in interaction with the environment by the exchange of ions.
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