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Summry, A fluorescently labeled phenylalkylaming, TN -RBodipy
EAA, was nsed as a prohe for the in vive detzction of ion channels
in embryonic and nonembreonic tissnes of sunflower. Zveotic
smhrens, somatic embryos, callus, leaves, roots, and shoots were
analveed. Tluorescanes intensity in the tissues was determined with
cytoflunromerry and confocal microscopy. DM-Bodipy PAA inlen-
sively labeled the protoderm and epidermis cells in both rygoue and
somatic embryvoes, Callus cultures exhabited labeling on sites where
somarie cmbryos developed, Labelng was, howesver, very wenk in
leavey, shoots, and reots, exeeplin the root cap and o e epidennis
ol the reol, Consdering thut the localion of pheaylolkylamine
bndmy sites 15 related wothe distibotion of oo channels in hoth
animul andd plunt cells, the high imlensity of labeling observed in the
profodenn and epidermis of zygotic and somatic embrvos as well as
i puetodern, epidermis, and caps of ront tips, is consistent with the
role these risenes may play in ion exchange with the environment,
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Introduction

Tissucs which arc al the interface between the plant
buly and the external medium are essential sites for
cennrmunication between plant and environment, This
is prarticularly crucial for the protoderm and the epi-
dermis of young embryos. Recent investigations have
revealed thal specific genes are expressed during the
development of cmbryonic protoderm and epidermis

* Corrcspondenee and reprints: Laboratore de Biotechnologic
o Amélioration  des  Planwes,  Beole  Nubonule  Supéricurs
Agronomgue, BE 10V Awcewille-Tolosan, F-203260
lualosem, Prunve.

Caslanet

(Sterk etal. 1991, Vroemen etal. 1946): embryonic
protoderm shows a calcium binding pattern which
differs from that in the inner embryonic cells
(Timmers et al. 1996); and embryvonic protoderm cells
arc adjacent to sites where endosperm digests specifi-
cally (XuHan and Van Lammeren 1997). These find-
ings call the attention upon the functions of the plant
epidermis system, especially in signal transduction
pathways, Although it is well known that ion channels
play an important role in signal transduction and are
alse involved in the control of morphogenesis in plants
{Ward ctal. 1995, Cho and Hong 1996), their distribu-
tion in higher-plant tissues has not been described vet,
Phenylalkylamines (PAAs) are pharmacological drugs
known to block specifically the L type Ca*-channel
activity in animal cells {Norris and Bradford 1983} A
MNuorescently labeled PAA, DM Bodipy PAA, has
heen used as a probe for labeling Ca™ channel antag-
omisl binding sites in order to localise Ca® channels in
solaled  animal  membranes (Knaus etal. 1992).
Recently, this probe was used to label PAA hinding
sites in sunflower protoplasts (Vallée etal 1997)
Alhough Ca’' -channel-active drugs may not be highly
specilic in plant cells (Terry et al. 1992, Thomine et al.
1994, PA A has been shown to block calcium to enter
into plant cells (Andrejauskas et al. 1985, Graziani
el al. 1988, Harvey etal. 1989, Thuleau et al. 1990).
Thus, DM-Bodipy PAA appears to be a good tool to
sludy  the distribution of Ca*'-channel antagonist
hinding sites in higher-plant tissues.
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T the present work we have used DM-Bodipy PAA
Loy study the distribution of PAA binding sites in sun-
Mevwor lissues and paid special allention o the epi-
dermix systems ol wypolic cmbryos, somatic cmbryos,
and nonembryonic explanis

Mailerial and methods

Plant mareriols

Sunflower, Helfaarbs anouns 1, genntvpe FLAUOR, was prown in
the prepnhose (Movartis Seeds St Sauvenr. France ). Fyvpotic em-
bryes wers
prstfertilization development o nhtain plabular 1o mature sLages
Mature svpatic emhrens were germinated in the dark in culture
medinm containing M5 salts {Murashize and Skoog 1962), Leaves,
shoot apexes, and roots were collecred for investigations,

In vitre culture of immature zygotic cmbryos was perbormued by
meubating hearl W ke cowyledonary embryos in M35 mediun
(Murashipe and Skowg 1902 solidilicd with Phytogel (Sigoa, S0
Louts, Mo, TLS AL} and supplemmented willh 120 g of sucrose, 1 me of
ti-bemeyluminopusine (BAPY ad 1ing ol o naphthaleneacetic acid
(WA} per wl (MS-120BN), in dinliness for 8 davs The embirves
were longiludingdly placed on the medivm in o way that one half of
the embeyn with o cotvladon was in direct contact with the medinm
while the ather side had oo contact with the medinm. Tnder rthese
cnlture conditinns, the lower cotyledon hecame callopenic while the
ermbrve axis elongated; the upper cotvledon retained i normal
emhrvimic development.

Somatic embryogenesis was induced on peeled strips of the
hepocoyl The swripe which included the epidermis and about 4
subepidermal coll lavers were cultivated according e Pelissier ¢f ul,
(1417,

wolated manually from ovaries ar dilfarent sages of

Chemicoaly

Fluoreseenty labeled PAA, DM-Bodipy PAA {5-]3-[3- (4 4-dilluvre-
3,7-dimethyl-3a.da -dinea-d- bora-indacen-3-y Dproprendmidas|
phenethyl-M-mechylpmmo]-2-mepropy 203,48, -Urimethogy-
phenyl]-vulerontrle) (Molecoalar Probes, Eugene, Cheg, LI5A )
weur prepared wsou 2.5 mb stock solution in dimethyl sulfoxide
[DAMS0, Sigirf.

(—1Bepridil, & calcinm channel antagonist (a gift from D
Ranjeva. CWNRESATPS, Toualouse, France), was preparad as a 20mM
stock solution in ethannl

Prabe loading

Refore use, the NM-Rodipy PAA stock solution was diluted 10
T oM in ME medium (Murashipe and Skoop 19027 supplemented
with 1200 poof sucrose per ml (W5-1200

Cmbryas, leaves, shoot apexes, and calli, obrained from both
Zyaptic and somatic pathways, were hand-cut in approxsimately o—
I mam thick scctions, 'These samples, and whole roon tips, were sue-
cogsively meubated in 1 md LR-Bodipy FAA solution ul 25 °C in
Eppendor] tubes Lor ay least 30 mim, rinsod in WS-T20 medium, and
maeunled m un obseryalion chamber (Fig. 1.

onteoly

samples meubaled i MS-120 medium withoul DM-Bodipy PAA
were wsed us controls o measure sulofluorescence leyvels
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Fig. 1. Schematic representation of tissue preparation for 5, annis
emhryos and probe-loading conteal. The imensity of Huorcscenee
was measired in transversc scctiens in an observalion chumber.
Three embryanal regions were analysed: the proloderm or epider-
mis, the inner tssues, and the moer bssaes nexl Lo e Jeongitudioal
and radial cur face thal could improve vecessibility o the probe

The specicily of DM Bodipy PAA labeling was tested with
1 Jbepridil which is known 1o bind to the same sites as PAA and
lu suppress specific binding of DM-Bodipy PAA in sunflower pro-
luplusts [Vallée et al, 1997, First, the fuorescence of DM-Dodipy
FaA labeled explants was measurad. Then, the samples were incu-
bated in M5-120 medium containing 100 oM (= )bepridil for 3 min
at 25°C in the darkness after which fluorcscence was mensured
again. The difference of flusrescence was considered ws the value ul
specitic binding releazed by competition, 1he persisling Muorescence
was considerad a3 background due w sspecilically Tound DR
Godipy "AA,

‘Lhe extent of peneiration ol e probe ioto the inner tissaes of

the samples was lested by comparing the Tuoreseence level of the
tissue ul the vul faves o st of e e tissue. The different parts
of the lsswe and e ovecall prepacation ave shown in Fig, 1.

Cluantitative noge analysis of Nuerescence

A Leitz orthoplan microscope (Leitz, Wetzlar, Federal Republic ol
Ciermany ], equipped with a 100W HEP stabilised lamp (Usram,
Runich, Federal Republic of Oermany) and a silicon intensied
[STT) video camera {Lhesa, Cergy-lentoise, France) were wsed Lo
imame acquisition. The fluoreseenes, megsured on u grey level svule
[range, O to 235 arbitrary unils), was recorded with o 259055 NP
Fluatar ebjeetive (Leilz), with w 430490 nm wavelength excitation
filter, & 310 nm wavelenigih diehron micror, and a 515 5325 nm wave
length emusswon filter (L3 Hiler cube; Leits ).

LiM-Bodipy PAA Nuorescence was gquantified in zvgotic ermbreos
ul the hewrlshaped womolure stage. From each embryo, 1o 2 trans-
werste seclions were obdained, Each section was eut inta 2 1o 3 pieces
Lo be used Tor controd and labeling. Afear recordine dipital images
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ol the various regions of the secrions, the images were unulysed Lo
derermine the Nuorescence intensities in thiee coues, e, e ouler
layers with protederm or epidermis, the inner tissue port, and the
mner tssue near the cut edee (see Fip 1],

For statistical comparison, standard analvsis nf sarianee and
Shelle’s multiple comparisen procedures (risk level, a0 = (L05) were
used fur i Letal 80 picees obrained from the transverse sectinns

Carfoeal fager soammne micrasenmy

A confocal Taser seaning micrescops (CLSMY (feiss LEM 4140
Micrasvatem: Feiss, Obeckochen, Federal Republic of Germany)
equipped with an argon ion loser {excitalion ul 455 nm wavelenpth
with a S10-525 nm wavelength emission Dller) waes wsed (o analvse
the DM-Dodipy PAA labeling in whole mounls or seclions ol
cmbryos rom the globualar stape anwards,

For image acquisitiom a <2508 Plan Neofluar Zeiss objeulive wis
used with a 52% laser attenuation filter (nentral density ) Lo reduce
lluoreseenee bleaching, Lach image corresponds to the averogs ol
Lerur seumming frames Samples were also observed without attenna
tion Lo deteel Low lluereseence intensities. [n this paper, “no lahel
ing” imenns lhat lhere was ne detcctable Aluorescence siznal in the
recorded images ul standurd condibions (1, <23, 32%: atenuation
filter]. Photographs were tuken [rom the digital imapes with a
CONTAX 10TMT cinera on Kodak Bk lachrome Elite A%A 100
films.

Resulis

Cuaniificatton of DM-Bodipy PAA labeling in
T¥gotic entlrvoy

When loaded with DM-Bodipy PAA. the tissues of the
zypolic embryos of sunflower showed a fluorescence
inlenxity significantly higher than the autofluerescence
level [Fig 2 A). Statistical comparison of the mean
Nuorescence measured m various parts of the sections
revedled that the fluorescence in the outer cell lavers
wis significantly stronger than that in cells of the inne
tissues, even when the ner ussues were the horders
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of the radial cut-face (see Fip. 1). Tn all parts of 1he
samples the probe-induced Muorescence signal was
significantly redoced by {=)bepridil bul remained
higher than the autofluorescence level (Fig. 2A), Tn
the protoderm the signal was reduced by aboul 50%
and in the inner tissues by about 305, An estimate of
DM-Bodipy PAA specific Muorescence was oblained
by subtracting the
after incubation with {—)bepridil from the mean Nuo-
rescence measuicd (=1hepridil  ireament
(Fig. 2B). Highest specific labeling was obsorved in the
protoderm, whereas low Muorescenee was observed in
the inner tissue, and no differenee was found between
labeling of the inner tissues and the eol Tee region.

mean  Nuoreseenes: missured

helore

Confocal analyvsis of DM-Bodipy PAA lubeling in

embryoric ard ronerilevonic ey

Zygotic embryos and germlings

The pridoderm and the suspensor of developing
rypolic embryos showed a strong fluorescence from
the plobular stage and onwards when loaded with
DM-Bodipy PAA (Tigs 3 and ). When whole mount
cmbryos were analysed by CLSM, signals were often
lwint. due 1o the thickness of the embryo proper (see,
e Fips 3h, i and 4 a—g).

In mature embryos, the protoderm or epidernis of
calyledons and hyvpocotyl showed also a strong label-
ing by DM-Bodipy PAA, After germination and dur-
ing further elongation of the shoot, the labeling in the
oulermaost cell lavers disappeared. Leal primordia and
the shool apex did not exhibit DM-Bodipy PAA label
ing eilher.

50 +
sl (A B Ptz (H) T8T Fig. . Dewcnmionation ol [luoreseenoe
i 8 Inner teeun & E intensitics of DM-Budipy PAA labuling
OCut face TE in protodarm. inner lissoe and cul Dwe
& @ of transverse sections of zvaotic ewbyos
2 af {1 anewes. A Flunrescence: infepsities

Flucrescence level {arbitrary units)

DM-Bodipy PAA +
Bepridil post-treatment

DM-Bodipy PAA

were measured after DIM-Rodipy PA A
labeling and after DM-Nodipy PA A Takel
ing plus (=thepridil post-treatment; and
the sutotluorcscence of the iissues was
determined [control), B Specific labeling
by DM-Bodipy PAA in the three tissue
regions was deduocd by subtraction of the
values o DN¥-Bodipy PAA labeling plus
I Jeprdil post-lreatment [rem the values
of DM-Bodipy PAA lubeling alone, Dl
represent he mean with 8E of 80 sections

Auto-fluorescence
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In one-month-old  plandlets, the outermost cell
layers of the shoot (including the apex, leaves, and
stem} exhibiled no fluorescence (data not shownb
In conlrast, in the root tips, the root cap, the proto-
derm without root hairs, and the epidermis with root
hairs were strongly labeled by DM-Bodipy PAA
{Fig. 5a—d}. The cell lavers covered by the root cap
also showed a strong fluorescence signal (Fg Se).

In vitre cultured zygotic cmbryos

In immature zvgotic embryvos cultured in vitro for 8
days. the lower cotyledon, which was in direct contact
I the culture medium, lost its smooth epidermis,
enlarged and became callogenic (Fig, 6). In that case,
the: embryo axis and the upper cotvledon kept the
normal developmental pattern of germination (Fig, 6)
and still exhibited DM-Bodipy PAA labeling at their
auler cell layers. The cells at the periphery of the callus
were not labeled by DM Bodipy PAA.

Callus and somalic embryvos

In epidermal strips obtained from seedling hypocotyls
and cultured in vitro, the original epidermis, which
coild still be artached to the callogenic subepidermal
tissue. showed a strong labeling (Fig. 7a). Most callus
cells exhibited no or only a very weak fluorescence,
except in the areas where somatic embryos were to be
formed (Lig. 7a). Such somatic embryos developed in
the upper cell layers of the explant (Fig. 7b). Calli
which did not develop protoderm and epidermis did
not show DM-Bodipy PAA labeling. When somatic
embryvos developed further, they showed a fluores-
cence pattern which was similar to that of zypotic
embryos: DM-Bodipy PAA labeled only the outer-
most cell lavers (g, ¥),

Discussion

I'luorescent probes provide useful tools to study cyto-
morphogenesis during embryo development in vive
and in ¥itro {XuHan et al. 1995, Timmers et al. 1996).
LA Bodipy PAA, a Hluorescent probe of the phen-
vlalkylamine type known to label Ca -channels of
animal cell membranes (Knaus et al. 1992), has een
shown 1o label sunflower cells (Vallée ctal, 1997
Because there is a lack of data about the molecular
structure of plant Ca’ -channels and the putative
specificities of PAA to both Ca’'- and K -clianncls,

it is impossible to make a firm statement about the
location of Ca™ -channels in sunflower tissucs, How-
evel, considering that in tested plant materials, PAA
binds te plasma membrancs (Vallde cral. 1997,
inhibits Ca” influx or blocks Ca®-channel aclivity
(Pifieros and Tester 1997), binds to isolated Ca®™-
channel peptides, and affects the activity of K'-
selective channels (Terry et al. 1992), anc may speeu-
late that the location of PAA binding sites in plant
tissues 1s highly related to the distribution of K'- and
especially Ca” -channels,

In this work we have shown that DM-Bodipy PAA
labels embryonic and nonembryonic lissues of sun-
Hower differentially. The labeling of cmbryo scelions
and the comparison of Quorescence inlensilics mea-
sured in the protoderm repion, near the cul face, and
within the inner tissue proved that the intensive label-
ing of the outer embrvonic cell laver was nol caused
by a limited penctration of the probe into deeper
regions of the samples butl corresponded actually (oo
different labeling pattern in the outer and inmer cell
layers. As the DM-Bodipy PAA labeling in embryonic
tissues was strongly reduced by the ealeium channel
antagonist (—ybepridil. which binds 1o the same siles as
PAA il is demonstrated that DM-Bodipy PAA binds
to specific PAA sites in sunflower Hssues.

As summarised in Fig, 9, sirong DM-Bodipy PA A
labeling signals have been reeorded in the suspensor,
the protoderm, and the epidermis of both eyeotic
and somalic embryvos, bul a weak luorescence was
observed in the inner embryonic lissues and also in
nonembryvonic issues with the exception of the root
tips. The weak labeling is considered (o represent a low
density of PAA binding sites The similarities in the
labeling pattern found in the sypolic and somalic
embryos point to similar propertics and Tunetions of
their epidermiscs,

The strong labeling of the suspensor of the zveotic
embrye of sunflower can be related (o the eritical role
to b plaved by this strocture doring early embryo-
genesis, e, the transporl of notrients and prowih
repulators (Yeunp and Meinke 1993). The labeling of
the protmlerm of the sygolic embryve could be linked
1 the transfer of hypothetical signalling molecules
from the endosperm or maternal Gssues (o embryvo
proper (XuHan and van Lammeren 1997).

An inleresting difference belween the labeling of
the rool and the shoot apex was also observed. In the
rool. the cell layer underneath the root cap shows a
strompoer labeling than the cells in the very root cap and
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the inner cells of the root. The root epidermis is also
intensively labeled. In the shoot apex the labeling of
the outermost cell layers is lower than that in the root.
A decrease of the labeling intensity was observed in
the shoot apex during germination. Although the epi-
dermises of root and shoot have the same origin: the
embryo proper, the root develops from the basal
domain and the hypophyse, while the shoot develops
from the apical domain (Laux and Jiirgens 1997). Thus
two hypotheses can be made to explain the observed

difference of DM-Bodipy PAA labeling in the epider-
mal tissues of shoot and root: one is positional and
based on the difference of position in the original
tissue; the other is functional, involving nutrient trans-
port which could necessitate a higher density of ion
channels in the root epidermis. Ion fluxes in plant roots
are known to involve Ca®- and K*-channels (Maathuis
et al. 1997, Shabala et al. 1997).

By using DM-Bodipy PAA we were able to distin-
guish two types of epidermises, one not labeled and

Q¥ (e Ciyw

Fig. 9. Schematic representation of DM-
Bodipy PAA labeling (grey shades) in
embryos and plants of sunflower during
the development of zygotic embryos to
\b plants (thick solid arrows), during the
culture of zygotic embryos (thick open
arrows), and during the culture of hypo-
cotyl strips giving rise to somatic embryos
(thin arrows)

e

Fig. 3a-i. Series of optical sections of an intact zygotic embryo of sunflower 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). There is less or even no fluorescence in
distant optical sections (lower row of the series of micrographs) due to reduced transmission of laser light through the embryo proper. Bar:
100 pm

Fig. 4a-i. Series of optical sections of an intact zygotic embryo of sunflower 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. There is no fluorescence in distant serial sections
(upper rows of the micrographs) and the shoot apex region (arrowhead) due to reduced transmission of laser light through the thick embryo
proper. Bar: 200 um

Fig. 5. Series of optical sections of an intact root tip of a zygotic embryo of sunflower labeled with DM-Bodipy PAA as observed by CLSM
from the outer region (a and b) towards the median sections (c-e). Note the fluorescence in root hairs (a-e), epidermis (c-e),
protoderm (¢ and d), and root cap (¢ and d). Bar: 1 mm

Fig. 6. Immature zygotic embryo in culture for 8 days. The lower cotyledon (/c), which is in contact with the culture medium, developed
callus (c¢); the embryo axis (@) and the upper cotyledon (uc) developed normally. Bar: 1 mm

Fig, 7. a Confocal optical section of an epidermal strip in culture, labeled with DM-Bodipy PAA. The original epidermis (ep) is strongly
fluorescent. Whereas the inner cells of the callus are often only weakly labeled, the cells of the outermost cell layers of the callus, where
somatic embryos are formed, are labeled intensively (arrow). b Thin section of an epidermal strip in culture, showing the initiation sites of
somatic embryos (em, blue) within the outermost cell layer of the callus. The original hypocotyl epidermis (red) was still attached to the
subepidermal cell layers that became callogenic (¢, green). Bar: 100 um

Fig. 8. Somatic embryos of sunflower as observed by CLSM (a) and light microscopy (b and ¢). a Optical section of a somatic embryo of
sunflower developed from an epidermal strip in culture. Note the intensive DM-Bodipy PAA labelling of the embryonic protoderm. em
Embryo, p protoderm, ¢ callus. Bar: 100 pm. b Thin section of a somatic embryo at the globular stage (blue) surrounded by callus cells
(green) at its base. Bar: 100 um. ¢ Thin section of a part of a somatic embryo at the heart-shaped stage, showing regularly aligned proto-
derm cells (red) covering the embryonic ground tissue (green). Bar: 20 um
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[unetioning in protection. the other intensively labeled
and probably also functioning in interaction with the
environment by the exchange of ions.
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