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Abstract

During the last two.decades, there have been several conceptual developmenis
in our understanding of pollen-stigma recognition and molecular mechanisms
involved. The main models proposed are compared. Based on additional
data a hypothesis to complete these models especially for pollen hydration
and adhesion is proposed. After attachment of the pollen Lo the stigma
surface a close interaction exists involving lipoproteic membrane-like com-
oounds (pollenkitt and stigma pellicle) and poilen agglutinating ability.

INTRODUCTION

No evidence for the presence of an immunological system producing
antibodies or a histoincompatibility system encoded by . genes
has been found in plants (East, 1931; cited in L ewis, 1976). The main
particularity for the flowering plant recognition and reproduction system
is the recognition and discrimination against self. This mechanism gives
a selective advantage in fertilization. In contrast, the immune system
of vertebrate animals is programmed to recognize and respond to non-
self rather than against self. But. Katz and Skidmore (1978) con-
sider that the immune system is not an eXception to the general rule.
Some analogies can be seen between the immune system of higher
vertebrates, mechanisms of self-recognition in lower colonial marine
organisms (Burnet, 1971; Theodor, 1970) and in the mechanisms
preventing self-fertilization in higher plants.

Lewis (1963) has proposed 2 hypotheses some years ago to explain
mechanisms of self-recognition in flowering plants. A complementary
stimulus (or an oppositional inhibition) to pollen tube germination and
growth by a complementary (or an oppositional) interaction of two unlike
(or like) S gene products in pollen and pistil. This would positively sti-
mulate (or inhibit) pollen tube germination or development for compatible
(or incompatible) combinations (L ewis, 1979). In plants it has not been
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®*possible to decide definitively between interaction of 2 identical proteins

(or polypeptide determinants) or 2 sterically complementary patterns.
However, Clarke et al. (1977) provided some evidences in favor of the
nypothesis that interactions occur between identical proteins. But Na-
srallah (1979) from immunodiffusion results says that pollen-stigma
coordination “is achieved by the eXpression of a specific glycoprotein
antigen in the stigma, and of a complementary but different receptor
molecule in the pollen”, and therefore that different genetic units are
responsible for the pollen reaction.

During the last two decades, there have been several conceptual
developments in our understanding of pollen-stigma recognition and
molecular mechanisms involved. It is interesting to compare the main
models proposed.

I. SOME DIFFERENT MODELS PROPOSED
TO EXPLAIN PISTIL-POLLEN RECOGNITION

We successively envisage different models starting from the model
of Christ (1959) to the biochemical model of Ferrari and Walla-
ce (1977).

1. Model of Christ (1959) or cutinase hypothesis

Christ suggested that either cutinases present in the pollen are
inactived on an incompatible stigma or the cutinase precursors of the
pollen require specific activators found only on compatible stigmas. The
presence of cutinases (glycoprotein-like compounds) in germinating pol-
len of Cruciferae, supported this hypothesis (Linskens, Heinen
1962) but recent observations have shown that the cuticle is slightly mo-
dified after self-pollination also (Dickinson, Lewis, 1973a).

2. Model of Heslop-Harrison (1975)

It seems that the self-incompatibility (in Brassica, for example) may

be considered to consist of five or six stages (see Fig. 1, explanation
in Heslop-Harrison, 1975) with:
a - an initial recognition between stigma pellicle and pollen grain wall
(proteins); b - an inhibition phase; ¢ - the rejection of the incompatible
pollen. A preponderant stigma control into pollen rejection is proposed
in this model. It has been assumed that the mechanism is oppositional
rather than complementary (De Nettancourt, 1977).
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and the stylar part of the S-locus. Following De Nettancourt
(1977), this biochemical model has the 'great advantage to explain
“the apparent incapacity of mutagens to generate new specificities at
the S-locus and the apparent contradiction between self-incompatibility
and interspecific incompatibility” (Fig. 2).

4. Model of Ferrari and Wallace (1977)

The major difference from the preceding models concerns the hypo-
thetical events for the control of the tube elongation which occurs in the
pollen grain after self-recognition. The preceding models (Heslop-Ha-
rrison, van der Do n_k) both emphasize events which occur in the
stigma (sporophytic incompatibility, Brassica type) or which fail to occur
in the stigma (gametophytic 1ncompahb1hty, Petunia tvpe) as the cause
of inhibition of the tube elongation.
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I'ig. 3. In vivo pathways functioning in Brassica to control germ tube emergencs
following a cross pollination

Ferrari and Wallace recognized at least eight stages (Fig. 3):
“l1 -recognition event; 2 -interactions of substances released by pollen
with other products from stigmatic tissues; 3 -subsequent development
of the regulatory-system which controls enzymes involved with germ
tube formation; 4 - germ tube formation as mediated by a pre-synthe-
sized enzyme system; 5 - development of separate capacities to penetrate
tissues of the papillae; 6 - stigma; 7 - stylar conducting tissue; 8 - ovary”.
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These authors conclude that “for either sporophytic or gametophytic
control new protein synthesis is required for expression of self-incom-
patibility, but not for initial germ tube elongation” and “the regulation
of mcnmpahbxhty for sporophytm and gametophytic control systems is
basically the same”

5. Model of Shivanna (1979)

She has not presented the details of biochemical events involved in
the sequence of recognition and rejection of pollen but this model is
based largely on the site of recognition and rejection (Fig. 4).
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Fig. 4. Probable sequence of recognition and rejection during pollen-pistil in-
teractions

These 5 models cannot explain the preliminary steps of pollination
and the events involved in hydration. We propose some hypotheses to
complete these two late models.

II. ADHESION

Cell adhesiveness is a fundamental cell property. It probably plays
an important role during developmental processes such as pollen hy-
dration and the first steps of pollen germination or rejection.

In Brassica, for example, two different approaches to studying the
problem of pollen adhesion may be characterized: the adhesion of pol-
len to each other, and the adhesion of pollen grains to extracellular
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substrata: stigma cells or artificial medium (Fig. 5). Pollen adhesion
is a -dynamic process where the rate of pollen adhesion depends on
the rate of initial contatt of pollen grains with the substratum (biolo-
gical or physical) or with each other and the subsequent formation of
attachment bonds. According to Grinnell (1978), separation is inde-
pendent of contact interaction, whereas it is precisely the contact inter-
action that is rate-limiting for adhesion. Differences in the adhesion
of self- or cross-pollen to the stigma may occur a few minutes
after pollination since 10-15 minutes after pollination, self-pollen is easier
to remove than cross-pollen (Roggen, 1975). When pollen adhesion
is observed with a light or scanning electron microscope, many events
are seen to occur, but overall there is an important shape change after
hydration (Heslop-Harrison, 1975; Stead et al, 1979) (Fig. 6).
To understand this adhesion, three phenomena may be involved:

a) which cell surface components are involved adhesion?

b) what constitutes the bond of adhesion?

c) which “pollen envelopes” and perhaps cytoplasmic forces are respon-
sible for the shape change?

It becomes clear that pollen adhesion occurs in a series of steps named
pollination, contact, attachment, hydration. These successive steps pro-
bably correspond to a variety of physical, mechanical and physiological
mechanisms.
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Fig. 5. Multistep of pollen adhesion

1. Pollination

Pollination mechanisms are the means by which transference of fun-
ctional pollen is achieved, or avoided, from the pollen-bearing struciure
to the compatible and receptive surface of the pistil. The success of
pollination requires a fine degree of reciprocity and coadaptation be-
tween the pollen wall (pollen envelopes) and the stigma cell surface
(review in Frankel Galun, 1977).
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2. Pollen contact

Pollen contact with the substratum (biological or physical) may be
dependent on the presence of an electrostatic barrier between the two
surfaces. No data do exist to day on this particular point.

3. Pollen attachment

Following contact of the pollen grains with the substratum, bonds
of attachment form. Only bonds between pollen grains and protein-
coated substrata appear to be mediated by specific ligand-receptor-like
interactions: contact between the stigma pellicle and the pollen proteins
of exine, for example. Many papers on the ultrastructure of the stigma
in recent years have been published (Heslop-Harrison, 1975;
Dumas, 1975; Heslop-Harrison, Shivanna, 1977). The most
important outcome of the latest work has been the demonstration of the
presence of stigma-surface proteins both in wet and dry types. In the dry
type, proteins occur in the form of a thin pellicle with an intense nonspe-
cific esterase activity.

The bonds between “pollen envelopes’” and protein-free substrata are
probably non-specific and a specific pollen grain adhesion may require the
redistribution of cell surface adhesion receptors. Where are these re-
ceptors localized in “pollen envelopes”? The mature pollen grain is enclo-
sed in a double wall structure; the inner one called the intine, the
outer — the exine. Two sorts of compounds are accumulated into the
exine crypts and on the outside of the mature pollen grain. The “pollen-
kitt” is an oily layer found on the outside; it appears to be principally
hydrophobic lipids and species-specific carotenoids. The tryphine appears
to be a complex mixture of hydrophilic substances (Echlin, 1971;
Dickinson, Lewis, 1973b)

4. Pollen hydration

After initial contact and adhesion of the pollen grain, there is a ge-
neral modification observed in vitro and associated with hydration. In
vivo, some pollen grains do not become hydrated (Shivanna, 1979).
Close related species would accomplish more of the post-pollination
events than distant related species (Knox et al, 1976). When the
stigma of Gladiolus (Iridaceae) is pollinated with pollen belonging to
a different family (Liliaceae, for example) the pollen hydration step
locked. Compatible pollen grains probably require a specific adhesion to
the stigma cell in order to grow and primary recognition probably exists
between contact and attachment. A Petri dish containing hydrated me-
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dium does not correspond to a specifi¢c substratum but we always ob-
serve pollen hydration. An early observation on animal cells indicating
the importance of substratum chemistry in adhesion was the dependence
of adhesion on the type of glass substratum used. A c¢ritical number
of negative charges on the glass was thought to be required; it contains
at least 5 negatively charged groups per 10 nm (Maroudas, 1977).

Many times, high relative humidity (RH) was reported to overcome
the self-incompatible response (Carter, McNeilly 1976; Oc-
kendon, 1978). After cross-pollination, Stead et al. (1979) have de-
monstrated that the adhesion between the pollen grains and the stigma
surface was better than after self-pollination and the mobility of protei-
naceous component of the pollen grain coating was greater after self-
pollination. For Stead et al. (l.c.), the significance of pollen grain ad-
hesion into the self-incompatibility system in Brassica is not clear.
These authors propose that the differences in adhesion result from phy-
sical or chemical changes taking place in the components that bind the
pollen to the stigma. A change in the “pollen envelope” characters and
properties would certainly be accompanied by a change in its affi-
nity to water.

III. POLLEN ENVELOPE CANDIDATES FOR RECOGNITION

Direct histochemical and biochemical evidences for the presence of
proteins and lipids in the pollen wall have been given (Stanley, Lins-
kens, 1974; Dickinson, Lewis, 1975; Heslop-Harrison et
al,, 1975) and pollen wall has been considered as a living structure.

A successful approach to indentify morphological pollen-substra-
tum attachments must be effective in looking for in vitro correlates of
in vivo structures. We have observed a tripartite membrane-like struc-
ture for the pollenkitt in Crucijerae and Caryophyllaceae species (D u -
mas, Gaude, unpublished data). This membrane-like structure is PTA
positive. Is it a candidate for pollen grain attachment? Other experimenis
are actually in progress on this topic. Some compounds involved in
“pollen print” deposits (Heslop-Harrison et al, 1975) easily
stained with Coomassie blue are removed with the Folch’ mixture and
are probably lipoprotein-like compounds. The same results may be obtai-
ned with stigma prints (Dumas, Gaude, unpublished data). For
Roggen(1974), the “pollen-coat” in Brassica “is similar to what is
called “recognition substances” (see model of Heslop-Harrison,
Fig. 2) and probably involved lipoproteic compounds”. Roberts et al
(1979) have not observed fundamental changes in lipids of the pollen
grain coating of Brassica following self- or cross-pollination. Neutral
lipids appear not to be involved in the incompatibility system in For-
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sythie (Dumas, 1977).. The constant presence of lipids in the stigma-
pollen .interface remains to be explained. In addition, it is almost
certain that proteins are involved in all blologlcal reactions of lipids.
The eluc;datlon of lipid-protein interactions is therefore one of the
most important problems of biological chemistry to day (Morr isett
et-al, 1975; Wickner, 1979).

In Fig. 6, we have envmaded that active cell adhesion is ‘highly
spemftlc The idea of highly specific adhesion receptors is well known
in biology (Greaves, 1976) and cell surface ligand-receptor inter-
actions are thought to mediate cell-cell recognition and adhesion. The
model of cell adhesion in Fig. 6 is based on specific pollen grain surface
receptors binding to the substratum surface. Roth (1973) proposed that
surface glycosyltransferases on one cell may react with appropriate
receptors on a second cell surface to form a stable enzyme-subsirate com-
plex which would constitute the bond of attachment. To day, no glyco-
syltransferases on the pollen grain nor on the stigma pellicle have yet
been reported.
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Fig. 6. A simple model for stigma pollen-adhesion
P — pollen, S — stigma

The presence of lectin-like sugar binding molecules on one side and
appropriate sugar sequences or glycoproteins bearing the appropriate
sugars on the other have been involved in the specificity of attachment.
The opposite arrangement can be envisaged, with diffusible lectine-like
proteins and heterosaccharides forming part of cell-bound re-
ceptors. Concanavalin A (ConA) can bind to the stigmatic surfaces of cer-
tain species (Heslop-Harrison, 1976; Pettit, 1980) demonstrat-
ing that, at least, lectin-binding sites are present in the region where
pollen is deposited. It has been shown that the stigma surface of a
number of species is able to bind ConA and, in at least one
species, Gladiolus, pollen tube penetration is inhibited if the receptor
sites for ConA are occupied (Knox et al, 1976; Knox, Clarke,
1978). The specific binding with ConA has never been proved (Pettit,
1980).
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Recently, Golynskaya et al. (1976) have proposed that aqueous
extracts of Primula pistils exhibited agglutinating ability in relation to
red blood cells. These phytohemagglutinins of the pistil have been in-
volved as possible proteins of generative incompatibility. Although lec-
tins have a definite recognition function in their specific binding to
carbohydrate receptors, their role is yet not clear (Sequeira, 1978).
Clarke and Knox (1978) postulated a specific role for the proteogly-
cans distinct from the extensin. Arabinogalactan proteins associated
with the stigma surface of Gladiolus (Knox, Clarke, 1977) can form
“non covalent associations with other macromolecules such as cell-sur-
face receptors and hence have the potential for both specific and non-spe-
cific interactions” (Clarke, Knox, 1978).

‘A pollen agglutinating property has been observed in Cruciferae, but
none of the sugars tested was effective to inhibit the agglutination. The
nature of this compound must be elucidated (Dumas, Gaude, un-

published data).
CONCLUSION AND PERSPECTIVE

How does the pollen substratum recognition system function from
pollination until the pollen tube germination step?
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Fig. 7. Post pollination events before pollen germination in vive and in vitro
aspects
*stigma cells or culture medium

Our model is speculative and it may be tested during research desig-
ned to determine the molecular and physiological bases of the prelimi-
nary events occurring during pollen-substratum recognition. The
sequences from pollination to pollen germination (Figs 7 and 8) mark in-
creasingly close interactions of progressively greater specificity.
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