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Abstract: The subcellular localization of €dons as well as esterified and deesterified pectins in unpollinated and pollinated
wet (Petuniahybrida) and dry Haemanthusalbiflos) stigma was analyzed. Stigmas with different surfaces were found to differ

in Ca&* and pectin localization. In a weetunia hybrida stigma, C#& ions were present in the exudate occurring in the
intercellular spaces of secretory tissue before pollination. The exudate of an unpollinated stigma was the site of tiemlocaliza

of large amounts of deesterified pectins. Stigma penetration by pollen tubes induced the lysis of this category of pectins. The
epidermal cells walls of the diyaemanthus albiflos stigma before pollination lacked free and loosely bountt iGas.
Pollination induced an accumulation of these ions in the apoplast of the stigma epidermal cells. In cells walls of ateghpollina
stigma, mainly esterified pectins were present. Their deesterification took place after pollination at the site of pollen grain
adhesion and then at the site of pollen tube growth. These results have shown that wet and dry stigmas differ in pectin
metabolism and in the mechanism of forming a calcium environment at the site of pollen grain germination.
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Introduction in the style. Dry stigmas are only penetrated by pollen
tubes germinating from pollen grains recognized as
Stigma is the natural environment of pollen grain hydr@ompatible.
tion and germination. The surface of the stigma is The site of pollen germination is the extracellular ma-
divided into wet and dry [9]. Mature stigma of the wetrix (ECM) of stigma cells. In wet stigmas it is an exudate
type is covered by an exudate in which various propgsresent on its surface and in intercellular spaces of se-
tions of carbohydrates, lipids and proteins are preseatetory tissue, in dry stigmas - the surface of epidermal cell
The dry stigma has little or no surface secretion atall. Thus, the epidermal cell wall and exudate compo-
maturity. The anatomical differences in the stigma areents formed during stigma maturation will play a key role
accompanied by physiological differences, particularly pollen grain germination. This environment should pro-
apparent in the phenomenon of self-incompatibility. lwide the nutrients required by pollen grains and an optimal
general, most of the plants which have a gametophytavel of ions which play a key role during pollen germina-
type of self-incompatibility have wet stigmas, whereaton. Investigations performed since the 1960s have shown
in plants which have dry stigmas sporophyte incompathat C&" ions play a fundamental role in the regulation
bility occurs [16]. Wet stigmas are considered to be les§ pollen grain germination and in the growth of pollen
selective as both non-self pollen and self-pollen gerntisbes [10].In vitro investigations have demonstrated
nate on their surface. Rejection of self-pollen takes platteat growing pollen tubes take up?C#ns from the
medium [14] and store them in the pollen tube tip, in
which a characteristic tip-to-base gradient is formed
Correspondence: E. Bednarska, Dept. Cell Biology, Institute of[26]. The changes in €aconcentration in the apical
General and Molecular Biology, Nicolaus Copernicus Universitygrea of the pollen tip are correlated with its pulsatory
Gagarina 9, 87-100 TofuRoland; e-mail: ebedn@biol.uni.torun.pl growth and reorientation [21, 22].
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Underin vivo conditions, the optimal Caion con- theaccelerator occurred for 3 days at room temperature. The sections
centration required for poIIen grain germination Shou%;ere cut with diamond knife on a Leica Ultracut UCT microtome

- . LY + eichert-Jung, Vienna, Austria). Semithin sections for pectin local-
be provided by the stigma. Investigations usfi@g ization were placed on Biobond (British BioCell, Cardiff, UK)

have shown that the ions present in the pistil are tak@éhted microscope slides, ultrathin sections fof* @zcalization
up by the growing pollen tubes [3]. Thus it should beere collected on the nickel grids coated with 3% Formvar (Sigma).
expected that the stigma is provided with mechanismsC& " localization was studied cytochemically using the pyroanti-

; ; ; ; ..~ monate method. Stigmas were fixed for 24 h in cold (4°C) fixative
ensuring the formation of an optimal calcium enwron’s"'l)lution consisting 2% potassium antimonateHySh, - 4H;0),

ment at the site where pollen grain germination will tak@so, giutaraldehyde, 2% paraformaldehyde and 0.1 M phosphate
place. In the extracellular compartment, deesterifiaglffer, pH 7.4. Material was then washed in five 20-min changes of
pectins are capable of binding?Cans [5]. Deesterified the same buffer and postfixed in 1% Qs®phosphate buffer, pH
pectins formed in the apoplast as a result of the pecfift: folr 30Thm'”- Stigmas f;xgg/"s“’gh"”t pyroantimonate were ”S('jed as
b ntrols. The presence o precipitates was investigated using
methylesterase (PME) activity [29], due to the presen€gie e RS ey nicroanalysis 3]
of free carboxyl groups bind cations and in particular For immunolabelling of pectins, the stigmas were fixed in 4%
C&"* ions. Bound C# ions may be liberated during paraformaldehyde and 0.25% glutaraldehyde in phosphate-buffered
enzymatic lysis of this pectin category. The use of deegline (PBS), pH 7.4, for 24 h at 4°'C. Two categories of primary

i ine in (% ; ; _monoclonal antibody (MAb) were used: JIM5 against homopolyga-
terified pectins in C# storage and liberation was ob lacturonic acid epitopes and JIM7 against the epitopes of highly

served in transmission tissue of the stylePetunia esterifed (mainly by methyl groups) forms of that acid (the antibodies
hybrida. The increase in the level of free 2Cafter were provided by Dr. J.P. Knox, Centre for Plant Biochemistry and
pollination [17] is correlated there with the lysis oBiotechnology, University of Leeds, UK). The sections were first
deesterified pectins strongly bindingZCELS]. It is not treated with 2% bovine serum albumin (BSA) in PBS buffer (pH 7.4)

K h thi hani . d wheth a&room temperature for 1 h and then incubated with primary anti-
nown how common this mechanism IS and Whetheryjieq j1ms or JIM7, at 1:50 in PBS buffer (pH 7.4) with 0.2% BSA,

also occurs |n the Stigma_- o _ overnight at 4°C. Next, the sections were washed in three changes of
The condition of the initiation of phenomena leadinge same buffer and incubated with goat anti-rat IgG Cy3 secondary
to the germination of pollen on the stigma is the adhesi@piibodies (Sigma), 1:100 in PBS buffer (pH 7.4), with 0.2% BSA

; ; the same time and temperature conditions as with the primary
between reproduction partners. In plants, pectins play ibodies. The control was performed with the omission of primary

important role in cell adhesion [20]. Investigations iRntibodies. The sections were washed in buffer and finally in distilled
Lilium longiflorum have shown that in the open stylevater, dried at room temperature and covered with 0.5% diami-

acid pectins and a peptide named SCA (stigma/stylsabenzene.
cysteine rich adhesin) are responsible for the adhesi,an

bet th llen tub dt itting tract epid Icroscopy. Ultrathin sections were examined without staining in
etween the polien tube and transmiting tract epiaeryss 1910 transmission electron microscope at an accelerating

(TTE) [23, 24]. The occurrence of acid pectins in thgsitage of 80 kv. Semithin sections after immunolabelling were

pollen tube wall has been observed in all plant speci@smined in an Olympus U-RFL-T photomicroscope equipped with

investigated so far [15, 19, 28]. This pectin category gpifluorescence and filter system appropriate for Cy3 fluorescence.

also present in the ECM of the transmitting tract both Micrographs were taken with Olympus Camedia C-2000Z Digital

closed [18] and in open styles [15]. Pectin metabolisi

in the stigma has not been investigated so far. Thus,ﬁe

participation of pectins in adhesion between germinak€sults

gﬁt?egct)iléin grains and the stigma surface remains an OR®Amunofiuorescence localization of pectins
The aim of the present investigations was to analyZéiewet stigmaof Petunia hybrida. In the unpollinated

Ca* and pectin localization in unpollinated and pollistigma, differences were seen in the binding level of

nated stigmas with a weP¢tunia hybrida) and dry JIM7 and JIMS antibodies in the glandular zone and the

(Haemanthus albiflos) surface. stigma cortex. The JIM7 MAb was localized mainly in
the cortex, whereas the signal present in the glandular
M aterials and methods zone was markedly lower (Fig. 1A). In glandular tissue,

the fluorescence of the JIM7 MADb-Cy3 complex oc-
Plant material. Commercial cultivars dPetunia hybridaHort. var.  curred in the form of clusters (Fig. 1C). In the secretory
multiflora andHaemanthusalbiflosL. were grown at room tempera- ce|ls, the signal was localized in the cytoplasmic granu-

ture in the Institute of General and Molecular Biology, Nicolaug, . L -
Copernicus University, TofyrPoland. Flowers were emasculate ations (Flg' 1E)' The JIMS MAb recognizing unesteri

one day before anthesis and pollinated at anthesis. Stigmas wifd Pectins was localized mainly in the glandular zone,
dissected on the day of anthesis (unpollinated) as well as 6 h andnéhe stigma cortex fluorescence was much lower (Fig.
h after pollination, and fixed for subcellular aocalization or 1B). A stronger signal was observed on the surface of
immunolabelling. the stigma (Fig. 1D). In the glandular tissue the fluores-
Sample processing. The material was fixed and dehydrated inf:ence of JIM5 MAb'Cy3 c_om_plex was mamly localized
ethanol and embedded in LR Gold resin (Sigma Chemical Co., 81. the exudate present in intercellular spaces of the
Louis, Mo., U.S.A.). Polymerization with 1% benzoyl peroxide asecretory tissue (Fig. 1F).
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Six hours after pollination, the general pattern aépidermal cells to which the pollen grain adhered. The
the JIM7 and JIM5 MADbs labelling in the stigmapresence of an increased JIM5 MAb signal was also
tissues was similar to that in the unpollinated stigmabserved in the intercellular spaces. The sporoderm of
A strong signal of JIM7 MAb-Cy3 complex was ob-germinating pollen grain showed a differentiated fluo-
served in the stigma cortex and of JIM5 MADb-Cy3 imescence level after incubation with the JIM7 and JIM5
the glandular zone (Fig. 2B). Aimost no signal of JIMantibodies. A strong fluorescence of the JIM7 Mab-Cy3
MADb-Cy3 (Fig. 2A) was found in the glandular zonecomplex was found in the whole sporoderm (Fig. 4A).
whereas the fluorescence of the JIM5 MAb-Cy3 cont-ocalization of JIM 5 MADb in the sporoderm formed a
plex was significantly decreased on the pollinatespecific gradient: a high level of fluorescence was ob-
surface of the stigma (Fig. 2B). served in the region in which the pollen grain was in

Sixteen hours after pollination a large number afontact with the epidermal cells, and a lower one outside
pollen tubes were found in the stigma. In the glandulér(Fig. 4B).
zone, the JIM7 MAD coupled to Cy-3 was observed Sixteen hours after pollination, the pollen tubes
mainly in the pollen tube tips penetrating it (Fig. 2C). Agrowing in the direction of the open style were visible
the same time a clear decrease was seen in the levedothe receptive stigma surface. At that time after polli-
JIM5 antibody binding to the exudate of the glandularation, anincrease was observed in the level of the signal
zone. Large regions of the glandular zone with pollesf MAbs JIM7 as well as JIM5 conjugated with Cy-3
tubes growing through them were nearly completelFig. 4C, D). The intensity of JIM5 Mab-Cy3 complex
devoid of fluorescence signal (Fig. 2D). fluorescence was particularly striking. The signal was

Pollen grains were seen on the stigma surface aftecalized in thickened layer of the extracellular matrix
pollination. In the pollen sporoderm, a strong fluoresat the site of pollen tube growth (Fig. 4D).
cence signal was seen after incubation with both JIM7 Both antibodies used in the investigations bound to
and JIM5 antibody (Fig. 2A-C). germinating pollen tubes. JIM7 MADb was localized in

The control, where primary antibodies were omittedhe cytoplasm and the cell wall of pollen tube tips (Fig.
showed no signal in the cortical tissues and weak au#tz), whereas the JIM5 MAb-Cy3 complex only bound
fluorescence in the glandular zone and strong in thethe wall of the pollen tube (Fig. 4D).
pollen sporoderm (Fig. 5A, B). In the control material incubated without primary

antibodies, no fluorescence was detected (Fig. 5C).
Thedry stigma of Haemanthusalbiflos. TheH. albi-
flosstigma is built of 3 thin lobes. The receptive surfa P 2+ .
is formed by the cuticle-covered walls of the epiderm bedllular localization of Ca™ ions
cells on the internal side of the lobes which are in contathe wet stigma of Petuniahybrida. In the unpollinated
with the canal of the open style. wet stigma ofP. hybrida, Ca/Sb precipitates were lo-

In cells of the unpollinated stigma, mainly the JIMZalized within the exudate, which was present in the
Mab was demonstrated (Fig. 3A). The strongest signiatercellular spaces of the glandular tissue (Fig. 6A).
of JIM7-Cy3 complex was shown by epidermal cell Six hours after pollination in the exudate surrounding
walls on the internal receptive surfaces of the stignggerminating pollen grains, almost no Ca/Sb precipitates
lobes. The level of fluorescence in epidermal cell wallgere localized (Fig. 6B,C). Sixteen hours after pollina-
covering the external surface of the stigma lobes wten pollen tubes penetrated the intercellular space of the
lower (Fig. 3A). Binding of the JIM7 MAb was alsostigma secretory tissue. At this stage of development,
found in cytoplasmic granulations of epidermal andumerous small precipitates were localized on the sur-
sub-epidermal stigma cells. face of the pollen tube and single ones in its cytoplasm

The level of the JIM5 Mab-Cy3 signal in the cells ofFig. 6C).
the H. albiflos stigma was very low (Fig. 3B). A weak
fluorescence of the JIM5 MAb-Cy3 complex was seehhedry stigmaof Haemanthusalbiflos. The epidermal
only in the epidermal cell walls on a internal surface afells of the unpollinated stigma d¢i. albiflos was
the stigma lobes. covered by a continuous cuticle layer (Fig. 7A).

Six hours after pollination an increase in the fluores- In the cells of unpollinated stigma, Ca/Sb precipi-
cence of JIM7 MAb-Cy3 complex in the walls of alltates were localized only in the cytoplasm. In the
stigma cells was observed (Fig. 4A). The number amgidermal cells, the precipitates were present in the
intensity of the fluorescent granulosities occurring in theytosol and inside vesicles (Fig. 7A). The number of
cytoplasm of epidermal and subepidermal cells cleayecipitates in subepidermal cells was higher than in
increased. epidermal cells. They were mostly localized within

The level of JIM5 antibody binding to the walls oflarge vacuoles, on the internal side of the tonoplast
the pollinated stigma cells was still low (Fig. 4B). A(Fig. 7B). Numerous Ca/Sb precipitates were ob-
strong signal was only observed in the walls of theserved in the vascular bundle. The site of their localiz-
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ation was an internal thickened surface of the xylem cgitobably at the site of callose plugs formation (Fig. 8F).
walls (Fig. 8C). At the same time a thickening of the epidermal cells
After pollination at the site of adhesion of the polleECM was observed in lowgrart of the stigmain the
grain to the stigma epidermal cell a foot was visible (Figicinity of the entry into the style canal. If this area was
7C, D). The pollination induced significant changes inotyet penetrated by pollen tubes, ECM of the epidermal
the localization of Ca/Sb precipitates. Six hours afteells contained many large Ca/Sb precipitates (Fig. 8A).
pollination accumulation of precipitates was visible ifPrecipitates were also visible in vesicles which under-
the epidermal cell wall which was in direct physicalvent fusion with the plasmalemma. The presence of
contact with the pollen (Fig. 7C). The presence of ggpollen tubes caused significant changes in the localiza-
minating pollen grains caused a disruption of the contion of Ca/Sb precipitates in this region of the stigma.
nuity of the cuticle covering the epidermal cells oThey were no longer observed in the ECM but were
stigma (Fig. 7D,E). In these regions, a specific gradieptesent on the surface of the epidermal cell wall and
of Ca/Sb precipitates was observed. At the site where tn®und pollen tubes (Fig. 8B). Accumulations of Ca/Sh
pollen grain adheres to the epidermal cell, only singfEecipitates also occurred in the zones of adhesion of
small precipitates were localized in the cell wall (Figoollen tubes growing next to each other (Fig. 8B).
8D). The number of precipitates and their size in the In the controlj.e. in material which was fixed with-
epidermal wall increased with the distance from theut the addition of pyroantimonate, electron dense pre-
adhesion zone (Fig. 8E). The highest number of Ca/Sipitates did not occur (Fig. 8D, E, F).
precipitates occurred in the region of the wall whichwas The presence of Sb/Ca in the precipitates observed
still covered by the cuticle. in the investigated material was checked using X-ray
Sixteen hours after pollination pollen tubes weranalysis (Fig. 6D, E). In energy-dispersive X-ray spectra
visible on the surface of the epidermal cells. In thacquired from the precipitates present in the pyroanti-
apoplast of epidermal cells to which pollen tubes adionate-fixed stigmas, prominent Sb peaks-8.60
hered, a change in the distribution of Ca/Sb precipitatksV, L[ - 3.84 keV) overlapping the Ca peak®(3.69
was observed. In the cell wall only single precipitatdeeV, KpB - 4.01 keV) were observed.
were localized, whereas a large number of them oc-
curred on its surface (Fig. 7F). Numerous small precighiscyssion
tates were present on the pollen tube wall surface. The
effect of such a distribution of Ca/Sb precipitates wakhe performed investigations have shown that the two
their accumulation at the site of adhesion of the pollenvestigated anatomically different types of stigmas dif-
tube to the surface of the epidermal cell wall. In thier in pectin metabolism and in the mechanism of for-
pollen tube, Ca/Sb precipitates were localized mainly ming a calcium environment indispensable for correct
electron-transparent thickenings of the internal walgermination of pollen grains.

Figs. 1-4. Immunofluorescence localization of esterifed (JIM7 MAb) and unesterifed (JIM5 MAD) pectins in wet stignmglwida and

dry stigma oM. albiflos. Fig. 1. Unpollinated stigma dP. hybrida. A, C, E - Localization of esterifed pectin&. Strong fluorescence in

the apoplast of the cortex tissue, in the glandular zone only a weak signal is obs@@tl; On the stigma surface and in the glandular
zone the signal occurs in small cluster€0.E. In the glandular cells, granular localization in the cytoplasm is obsendif).B, D, F -
Localization of unesterifed pectir®. Strong fluorescence in the glandular zone, while weak one in the cortex#tid€ub; Stronger signal

can be seen in the stigma receptive surfaei).F. In the glandular zone, the fluorescence is mainly localized in the exudate between the
secretory cellsx 100.Fig. 2. Pollinated stigma d®. hybrida. A, B - 6 h after pollinationA. Localization of esterifed pectins. Strong signal

in the apoplast of cortical region, the glandular zone is nearly completely devoid of the fluoresenee;Localization of unesterifed
pectins. Decrease in fluorescence in the stigma surface, a small area devoid of the signal is visible in the glandutzistigre 48sC,

D - 16 h after pollinatiorC. Localization of the esterifed pectins. In the glandular zone fluorescence is observed mainly in the growing pollen
tube tips x 40.D. Localization of unesterifed pectins. Large regions of the glandular zone penetrated with pollen tubes are nearly completely
devoid of fluorescence signal40. A red fluorescence can be observed in the pollen grain sporoderm after incubation with JIM7 and JIM5
MADb. Fig. 3. Unpollinated stigma dfl. albiflos. A. Localization of esterifed pectins. Fluorescence in the walls and in the form of clusters
in the cytoplasm of all stigma cells. The strongest signal occurs in the internal receptive surface of the stigrm@.Bbkgcalization of
unesterifed pectins. Weak fluorescence in walls of epidermal cells on the receptive surface of the stigmi@.lelge4. Pollinated stigma

of H. albiflos. A, B - 6 h after pollinationA. Localization of esterifed pectins. Strong fluorescence in the apoplast of all stigma cells and in
the form of clusters in their cytoplasm. The signal is also present in the pollen grain sporo#i@r;Localization of unesterifed pectins.
Increased fluorescence in the walls of epidermal cells in the vicinttyegbollen grain. In the pollen grain, the signal barseen in the
sporoderm regions which are in contact with the stigma surfak2)).C-D - 16 h after pollinationC. Localization of esterifed pectins. The
signal in the apoplast of stigma epidermal cells and in the pollen inlke cell wall and in the form of clusters in thgaplasm;x 100.

D. Localization of unesterifed pectins. A distinctly increased fluorescence in the thickened layer of the epidermal apepsigiroat In

the pollen tube the signal is limited to the cell wal;00.Fig. 5. Controls. InP. hybrida no signal is observed in the unpollinated stigma

(A); after pollination a autofluorescence occurs in the pollen sporoderm and glandul@)zbmid. albiflosstigma, a weak autofluorescence

of the cell nuclei can be se@). gz - glandular zone, gc - glandular cell, ¢ - cortex, rs - receptive surface, pg - pollen grain, pt - pollen tube,
e - epidermal cell
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Fig. 6. Subcellular localization of éhions in wet stigma d®. hybrida. A. In unpollinated stigma numerous Ca/Sb precipitates are localized

in the exudate present in the intercellular spaces of secretory tissue;lbrarB.2n the exudate among germinating pollen tubes the number

of Ca/Sb precipitates is very low; bar #%. C. 16 h after pollination. In exudates penetrated by pollen tubes, no Ca/Sb precipitates can be
seen. Numerous small precipitates are localized on the surface of the pollen tube wall and single ones in its cytoplagmn. Ear =
exudate, C - secretory cell, T - pollen tube, P - pollen glairE. X-ray spectra of the precipitates occurring on the surface of the pollen
tube wall ofP. hybrida (D) and in the epidermal cell apoplast of pollinated stigntd afbiflos (E). Prominent Sb peaks -3.60 ke V, I3

- 3.84 ke V) overlapping the Ca peaksi(K3.69 ke V, i3 - 4.01 ke V) are visible.

Fig. 7. Subcellular localization of GAions in dry stigma oH. albiflos. A, B - Unpollinated stigmaA. In the cuticle-covered epidermal

cell, Ca/Sb precipitates are localized in the cytosol and in cytoplasmic vesicles; joar. B.2Accumulation of precipitates in cortex cells;

bar = 2um. C- F. 6 h after pollinationC. Numerous small Ca/Sb precipitates in the epidermal cell wall at the site of pollen grain adhesion;
bar = 1um. D, E - Fragments of the stigma surface, to which the germinating pollen grain is attached by a foot (arrowjrhab=I2

the epidermal cell walls in the vicinity of adhering pollen only single Ca/Sh precipitates are Hslhléhe region of the cell wall distant

from the site of pollen adhesion and still covered with the cuticle the number of precipitates is distinctly higher. Langesipijates are
presentin the epidermal cell cytoplasm16 h after pollination. Ca/Sb precipitates are localized mainly on the surface of the epidermal cell
wall and around the pollen tube; bar grh. W - cell wall, C - cytoplasm, E - epidermal cell, T - pollen tube.
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: : . Our earlier investigations have shown that deesteri-
Wet Petunia hybrida stigma fied pectins which strongly bind &aare also presentin
In unpollinated stigma dP. hybrida, free and loosely the intercellular matrix of the transmitting tissue of the
bound C&" was localized above all extracellularly in thestyle of the unpollinateBetunia hybrida pistil [18]. The
electron-opacue secretion presentin intercellular spagesticipation of this pectin category in Tatorage
of glandular tissues. Investigations with the use of X-ragppears, however, to be different in the stigma and style.
microanalysis did not show the presence of calcium in transmitting tissue of the pollinated style, lysis of
the exudate present on tRehybrida stigma [13]. It deesterified pectins [18] is accompanied by a strong
cannot be excluded that X-ray microanalysis of whol@crease in Ca levels in the extracellular matrix [17].
stigmas in a scanning microscope made possible omtythis "stiff" region of the transmitting tract, this ca-
the analysis of the surface of the exudate, whereas tbgory of pectins probably is strongly bound té*Ckn
PA method made it possible to localize free and loosetpntrast, after pollination, in exudate of the stigma the
bound C& also within the stigma tissues. The presendevel of free and loosely bound €avas very low, since
of calcium in the exudates of the wet stigmdRo$cus  almost no Ca/Sb precipitates were localized there. This
has been demonstrated both by the method of X-rimdicates that the lysis of deesterified pectins in stigma
microanalysis as well as by the CTC method [1F*Caof P. hybrida is not accompanied by the liberation of
ions on the surface of the wet stigmaPRofhybrida high levels of C# ions. Deesterified pectins present in
necessary for germination of pollen grains are additiothe semiliquid stigma exudates are probably poorly
ally supplied there by pollen grains. Earlier investigaeross linked by means of €aPectin lysis is performed
tions have shown that in this species calcium occursiigy the polygalacturonase (PG), acting on deesterified
the pollen coat [2] and in calcium crystals attached fsectins [4, 27]. Polygalacturonase occurs in the pollen
the sporoderm derived from the anther [12]. This indeoat and is secreted by germinating pollen tube [6, 11,
cates that in the formation of the calcium environmenR7]. The present investigations suggest that inRthe
on the weP. hybrida stigma both partners of reproduc-ybrida stigma exudate conditions enabling the func-
tion take part. tioning of pollen PG are created already before pollina-
The performed immunocytochemical investigationgon.
have shown that in the unpollinatedhybrida stigma,
both esterified and deesterified pectins occur. Their lo- . .
calization was different in cortex cells and in secretor@ry Haemanthus albiflos stigma
tissue and the exudates. In the apoplast of cortex celtsthe dry stigma of. albiflos, the localization of both
mainly esterified pectins were present, however in tl@e?* ions and pectins was different from that in the wet
secretory tissue both pectin categories occured. In thitgma ofP. hybrida. Before pollination, the apoplast of
cytoplasm of secretory cells, clusters of esterified peepidermal cells of the dry stigmaltdfalbifloscontained
tins were located, while in extracellular areas both aro C&*ions as shown by the PA method. In these cells,
cellwalls and in the exudates mainly deesterified pectittse relatively low level of Cdions was only localized
were present. Such a localization indicates that the $e-the cytoplasm. In cortex cells, the 2Céevel was
cretory cells synthesize methylesterified pectins whidffistinctly higher than in epidermal cells. These ions were
undergo an intense deesterification process in extracallso localized in the area of the xylem, indicating that
lular areas. they are transported to the stigma cells by the vascular
After pollination, a degradation of deesterifiecoundle.
pectins was observed. Their level decreased in thesePollination induced the accumulation of‘C@ns in
stigma regions which were penetrated by pollen tubehe apoplast of thd. albiflos stigma epidermal cells. At
The process of lysis of deesterified pectins appearsthe site of contact of the pollen grain with the stigma cell
be a result of a direct contact between the growirggfoot was formed and the continuous cuticle was torn,
pollen tubes and the ECM of secretory tissue. In th@obably as the result of the activity of the cutinase
stigma regions which were not penetrated by pollesecreted from the pollen grain [8]. Before the pollen
tubes, the level of this category of pectins was stiffrain germination, the presence of free and loosely
high. bound C&" was observed in the epidermal cell wall

Fig.8. Subcellular localization of GAions in the lower part ¢i. albiflosstigma 16 h after pollinatioA. Accumulation of Ca/Sb precipitates

in the extracellular matrix of stigma epidermal cell in the region not penetrated by pollen tubes. Precipitates alsgtodasimic vesicles

which undergo fusion with the plasmalemma; bansilB. Pollen tubes growing on the stigma surface - Ca/Sb precipitates are present on
the pollen tube - epidermal cell wall boundary and in the zone of adhesion of pollen tubes to each other; barG. 8 Slprecipitates

in xylem cells of the vascular bundle of tHealbiflos stigma; bar = 2am. D, F. Control - stigmas fixed without addition of PA. Lack of
electron-opaque precipitates in xylem c€l}3, epidermal cells apoplast of the pollinatddalbiflos stigma(E) and the exudates of the
unpollinatedP. hybrida stigma (Fig. 8 F); bar =2m. C - epidermal cell, ECM - extracellular matrix, T - pollen tube, E - exudate.
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which was in physical contact with the pollen graincreased level of deesterified pectins strongly binding
Thus, the effect of pollination ¢{. albiflos dry stigma Ca&* was observed only after pollination at the site of
is the formation of an environment containing free aradhesion of pollen grains and subsequently in an area
loosely bound Cions at the adhesion site of the polleninto which the pollen tubes grew. This indicates that in
The post-pollination increase in the calcium level ithe dry H. albiflos stigma, pectin deesterification is
epidermal cells wall of the dry stigma was describeédduced by pollination and germination of pollen tubes.
earlier inBrassica oleracea using the chlorotetracyclin It thus appears that pectins present in the apoplast of
method and X-ray microanalysis [7, 13]. Investigationstigma epidermal cells do not play the role of a signifi-
in Zea using indicators of cytosolic €a([Ca]) have cant C&" store. Probably these ions are secreted after
demonstrated that pollination causes within seconds pallination from the epidermal cell protoplast. The hy-
increase in [Ca]evel in stigma trichomes [25]. This is pothesis that the source of calcium required for pollen
accompanied by changes in membrane potential on tilbe germination on the dBrassica oleracea stigma
pathway stigma-ovary. The results of present study aatk papilla cells was proposed by lwahal . [13]. Using
investigations ilBrassicaoleracea[7, 12] andZea[25] X-ray microanalysis they observed that after compatible
suggest that in epidermal cells of dry stigmas pollinatigrollination the calcium concentration increased near the
induces both the increase of the [dalel as well as surface of the papilla. Investigations o?Csubcellular
accumulation of these ions in the apoplast. In the firgtcalization performed ikl. albiflos appear to confirm
case, C# ions probably participate in pollen-stigmathis hypothesis. The presence of Ca/Sb precipitates in
signalling [25]. C&" accumulation in apoplast of stigmavesicles undergoing fusion with the plasmalemma indi-
epidermal cells appears to be a secondary phenomengates the process of post-pollination secretion éf Ca
linked to the supply of the germinating environment abns from epidermal cells of the stigma.
the pollen with C# ions. In most of species possessing dry stigmas, pollen
During pollen germination, the &alevel in the selection already takes place on the stigma [16]. Only
stigma epidermal cell wall in the area of pollen adhesigollen grains recognized as compatible germinate on its
decreased. However, an increase was observed in sbheface. Hence, the environment of pollen germination
area of cell walls distant from the site of adhesion @ provided with the optimal level of €aions and
pollen grains. Calcium-rich regions of the epidermal cefleesterified pectins which are a substrate for PG only
wall were still covered with a cuticle. This indicates thadfter pollination with compatible pollen.
these regions of the stigma epidermis were not pene-In both analyzed types of stigmas, the localization of
trated by pollen tubes. An especially high post-pollina&Z&* and pectins in pollen tubes was identicalF*@as
tion accumulation of Ca in the apoplast of stigma localized on the pollen tube surface both at the site of
epidermal cells ofl. albiflosoccurred at its base, in thetheir adhesion to the ECM of the stigma and in the areas
region of the transition to the style canal, where nia which they adhered to each other. The pattern of
adhering pollen grains were observed. This was an apetin localization in pollen tubes did not differ from that
in which pollen tubes also did not grow. Thus, adhesidmown from earlier investigations [15, 18, 19, 28]. On
and germination of pollen induce the accumulation dfie apex of pollen tubes, both in the cytoplasm and the
free and loosely bound €an the apoplast of stigma cell wall, esterified pectins are present. Deesterified
epidermal cells befor their penetration by pollen tubepectins were only found in the cell wall. In both inves-
The C&* level in the epidermal cells of the albiflos tigated types of stigmas, pollen tubes grow into an
stigma decreased significantly after its direct contaenhvironment in which deesterified pectins capable of
with pollen tubes. Cell walls to which pollen tubedbinding C&* are present. This indicates that this ca-
adhered were almost completely devoid of Ca/Sb pregory of pectins and €&dons play an important role in
cipitates. This suggest that pollen tubes take ujy Cadhesion of pollen tubes to each other and to the apoplast
accumulated in the apoplast of stigma epidermal celtsf. the dry and to the ECM of the wet stigma. The
Uptake of pistil C& by pollen tubes was noted earlieparticipation of acid pectins together with the SCA
in P. hybrida [3]. peptide (stigma/stylar cysteine-rich adhesin) in the ad-
The accumulation of free and loosely bound*@a hesion of pollen tubes to each other and to the ECM of
the apoplast of the receptive cells of the drglbiflos the style canal was documentedLiium[23, 24]. This
stigma raises the question of their origin. Investigatiomsechanism may be common and occur in the whole
have demonstrated with the use of antibodies JIM5 atrdnsmitting tract of the pistil regardless of its anatomical
JIM7 that in the cell walls of the unpollinated stigmatructure. C# are present on the surface of pollen tubes
predominantly esterified pectins weakly binding?Ca also growing in the style, both in the transmission tissue
are present. After pollination, the level of this categorgf the closedPetuniahybrida pistil [18] as well as in the
of pectins increases. The presence of esterified pectag@hal of the opehiliumlongiflorum pistil [15]. In the
in the cytoplasm of stigma cells indicates that they aEECM of both types of styles deesterified pectins also
still synthesized and secreted to the apoplast. An ioecur [15, 18].
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