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SUMMARY

Five lectins were tested for their binding capacity to pollen tubes of Lilium longiflorum and for

their effect on pollen germinationand pollen tube growth.Only Concanavalin A (Con A) and Helix

pomatia agglutinin (HpA) showed strong binding to the cell surface, in particular to the colpus

of the pollen grain and to the tip of the pollen tube. Wheat germ agglutinin, phytohaemagglutinin

and Ulex europens agglutininshowed hardlyany binding. No noticeable differences in bindingca-

pacity were observed between pollen tubes grown ‘in vitro’ or ‘in vivo’ and between pollen tubes

regained after compatible or incompatiblepollination.‘In vitro’ germinationof pollen increased

at low Con A concentrations (up to 50 but it was inhibited at higher concentrations. Pollen

tube growth was inhibited both at low and high Con A concentrations. HpA caused a slight increase

in pollen germination,but did not influence pollen tube growth. The other lectins had no effect.

When germinatedpollen was supplied with Con A,a disorganizationof the microfilamental strands

was observed in the tip regionof the pollen tubes.

1. INTRODUCTION

** Abbreviations: Con A = Concanavalin A, HpA/ Helix pomatiaagglutinin, PHA = phytohaem-

agglutinin, UeA = Ulex europeus agglutinin,WGA = wheat germagglutinin, FITC = fluoresceine

isothiocyanate, rh-ph = rhodamine-phalloidin

* Address for reprint requests.

Lectins occur in a wide variety of plant species. Although their function is not

fu ly understood, they are assumed to play a role in intercellularcommunication

processes (Kauss 1981), including the self-incompatibility response (Heslop-

Harrison& Heslop-Harrison 1982, Anderson et al. 1983). Components with

lectin-likeproperties have been isolated from pistils of several plant species (Go-

lynskaia et al. 1976, Pettit 1977, Gleeson 1980). Application of Con A** and

PHA** to the stigmatic surface can overcome incompatibility in Petunia hybrida

and Eruca sativa (Sharma et al. 1985). These two lectins were also reported

to stimulate‘in vitro’ germination of pollen ofLilium longiflorum (Southworth

1975). Moreover, Con A treatment affects phospholipid turnover and the bio-

synthesis ofpectic polysaccharides (Helsper & Pierson, this issue).
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This paper describes the binding capacity of several lectins to pollen tubes

of Lilium longiflorum. grown either ‘in vitro’ or ‘in vivo’, and their effect on

pollen germination and pollen tube growth ‘in vitro’. The effect of Con A on

the organization ofmicrofilamentswas also investigated.

2. MATERIALS AND METHODS

2.1. Plant material

Pistils, used for pollen tube growth ‘in vivo’, were excised from plants of Lilium

longiflorum Thunb., cv. Arai no. 5 or cv. Mount Everest, which were grown

under greenhouse conditions. Pollenwas collected from dehisced anthers ofLi-

lium longiflorum cv. Arai no. 5 and storedbelow -20°C.

2.2. Pollen germination and pollen tubegrowth
For pollen tube growth ‘in vivo’ pistils of Lilium longiflorum cv. Arai no. 5 or

cv. Mount Everest were pollinated with pollen of Lilium longiflorum cv. Arai

no. 5, resulting in incompatible or compatible pollination, respectively. After

48 hours of incubation in the dark at 25 °C pollen tubes were collected from

the stylar canal according to Li & Linskens (1983).

For growth ‘in vitro’ pollen was incubated at 25 °C in liquid medium, contain-

ing 0.29 M pentaerythritol as the osmotic component(Dickinson 1968) (5 mg

pollen/ml). In experiments on the effect of Con A on pollen germination and

pollen tube growth, lectins (final concentration 0-500 /rg/ml) were given for the

first 4 hours of incubation. In other experiments pollen was incubated for 4

hours in pentaerythritol medium containing no lectin. In studies on the effect

of Con A on the cytoskeleton, pollen tubes were incubated for one more hour

in the presence or absence of Con A (200 /ig/ml).

Incubations were stopped by additionof formaldehyde to a final concentra-

tion of 3 mg/ml, except in preparations used to determinethe binding capacity
of FITC-lectins. In these experiments the germinated pollen remained unfixed.

2.3. Labeling with fluoresceine isothiocyanate-lectin conjugates
Incubations of pollen tubes with FITC**-lectins (0.25 mg/ml 2 mM Tris-HCl,

pH 7.0) were carried out at room temperature for 1 hour immediately after cul-

ture. UnboundFITC-lectins were removed by washing. Fluorescence of bound

FITC-lectins was measured undera Leitzfluorescence microscope.
In investigations on the carbohydrate specificity of lectin binding the follow-

ing complementary sugars were added in 1000-foldmolarexcess for 1 hourprior

to incubation with pollen tubes: D-a-methylmannoside to FITC-Con A,

D-glucosamine to FITC-HpA**, N-acetyl-D-galactosamine to FITC-PHA,

Pollen tubeextension, which only occurs at the tip, is assumed to be mediated

by a filamentous network, presumably consisting of F-actin (Picton & Steer

1982). Recently a dense system of microfilamentshas been visualized at the tip

of pollen tubes (Pierson et al. 1986). Therefore Con A may influence pollen

tube growth via an effect on the structural organization ofmicrofilaments.
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L-fucose to FITC-UeA** and N-acetyl-D-glucosamine to WGA** (Brown &

Hunt 1978).

2.4. Staining of microfilaments

Microfilaments were visualized in pollen tubes after Con A treatment using

rh-ph** as described earlier (Perdue & Parthasarathy 1985, Pierson et al.

1986, in press).

2.5. Chemicals

All chemicals were reagent grade. Lectins were purchased from Stigma (St.

Louis, USA) and FITC-lectins from LKB (Bromma, Sweden). Rh-ph was a

gift from Prof. Wieland (Max-Planck-Institute, Heidelberg).

3. RESULTS

3.1. Binding capacity ofFITC-lectins

From the five FITC-conjugates tested those of the lectins HpA and Con A

showed considerable affinity to the surface ofpollen tubesofLilium longiflorum

{table 1). In particular the colpus of the pollen grain (fig. la) and the tip of

the pollen tube(fig. Ib, table I) displayed a bright fluorescence.The FITC-conju-

gates of PHA, UeA, and WGA were hardly bound. Intact pollen tubes, recov-

ered frompistils, showed fluorescence of similar intensity as pollen tubes grown

‘in vitro’ (fig. Ic, table 1). No noticeabledifferencewas observed between pollen
tubes from compatible or incompatible pollination. Treatmentof FITC-lectins

with an excess oftheircomplementary sugar before incubationwithpollen tubes

resulted in only a slight decrease in their binding capacity.

FITC-labeled

lectin

Concanavalin A

Helix pomatia agglutinin

Phytohaemagglutinin
Ulex europeusagglutinin

Wheat germ agglutinin

Control

‘In vitro’ ‘In vivo’

Compatible Incompatible

A B A B A B

+ + + + ++ ++ ++ + +

+ + + + + + + + + ++ + + + +

+o O + + + +

+ + ++ + +

O+O 0+0+0 +

o o o o o o

O = no fluorescence; + O = very weak fluorescence; + = weak fluorescence; + + = moderate

fluorescence; + + + = bright fluorescence.

Table I. Fluorescence ofpollen tubes of grown ‘in vitro’ or ‘in vivo’, after incuba-

tion with fluoresceine isothiocyanate (FITC)-labeled lectins. Pollen tubes, grown ‘in vivo’, were

obtained after compatible or incompatible pollination. -A- shows the fluorescence at the tip and

-B- at the remainingpart of the pollen tube. In the “control” only buffer was present during the

labelingperiod.

Lilium longiflorum,

FITC-labeled

lectin

‘In vitro’ ‘In vivo’

Compatible Incompatible

A B A B A B

Concanavalin A + + + + + + + + + + + +

Helix pomatia agglutinin + + + + + + + + + + + + + + +

Phytohaemagglutinin +o o + + + +

Ulex europeusagglutinin + + + + + +

Wheat germ agglutinin o +o o +o +o +

Control o o o o o o
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3.2. Effect of lectins on pollen germination and pollen tube growth

‘in vitro’

At low concentrations, up to 50 /tg/ml, Con A stimulated pollen germination

‘in vitro’, while it had an inhibitory effect at concentrationsof 100 /rg/ml and

higher (fig. 2). Pollentube growth was inhibitedby Con A, also at low concentra-

tions, in a dose-dependent manner (fig. 2). HpA had no effect on pollen tube

growth but it slightly stimulated pollen germination up to at least 500 //g/ml.
At this concentration the stimulationwas about 30%. The other lectins had no

effect on pollen germination or pollen tube growth.
Effects ofCon A on pollen germination and pollen tube growth wereonly slight-

ly diminishedby preincubation of Con A with a specific complementary sugar.

labeled with fluoresceine isothiocyanate

conjugate (FITC) of Concanavalin A.

Fig. 1. Micrographs of pollen tubes of Lilium longiflorum,

Fig. la shows the tip region of a pollen tube and fig. Ib

the colpus region of a pollen grain after germination‘in vitro’. Fig. Ic shows several pollen tubes,

recovered at 48 hours after compatiblepollination. Bars correspond to 20 /mi. Arrows indicate

sites with bright fluorescence.
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3.3. Effect of Concanavalin A on the organization of microfila-

ments

In the absence of Con A distinct strands of microfilaments were observed over

the entire length of the pollen tube, including the tip region. These strands were

oriented predominantly parallel to each other and to the axis of the pollen tube

(fig. 3a), which is consistent with previous observations (Perdue & Parthasar-

athy 1985, Pierson et al. 1986). The transfer of growing pollen tubes to medium

containing Con A had no effect on the organization of the microfilaments in

the part of the pollen tube proximal to the grain, but in the tip region only

spots offluorescence could be distinguished (Jig. 3b). Therewas an abrupt transi-

tion between the two zones (fig. 3c).

4. DISCUSSION

The cell surface ofgerminating pollen ofLiliumlongifiorum has binding capacity

for Con A and HpA, but it shows hardly any affinity forPHA, UeA and WGA.

Con A induces a physiological response on pollen germination and pollen tube

growth. Since no FITC-conjugated Con A was observed in the cytoplasm, it

is likely that the physiological response is mediatedby interaction with binding
sites at the cell surface. These are relatively abundant at the pollen tube tip,

which is the site of cell extension and probably also of growth control (Picton

& Steer 1982, Heslop-Harrison & Heslop-Harrison 1982). An excess ofcom-

plementary sugars had hardly any effect on the binding capacity of FITC-lectins

and on the physiological response to Con A. Therefore interaction with the cell

surface might not only occur via the sugar binding site of the lectins. Such

‘aspecific’ interaction for lectins has been described before(Kauss 1981).

Fig. 2. Effect ofConcanavalin A (Con A) concentration on pollen germination (O) and pollen

tube length (A) in Lilium longifiorum. Results are expressed in percentage of the control value (no

Con A added). The average germination percentage in the control was 43% and the average tube

length 1.33 mm. Vertical bars indicate the standard error ofmeans.
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At low Con A concentrations pollen germination is stimulated in our study,
which is consistent with the effect reported by Southworth (1975). In contrast

to Southworth's results we observed an inhibitionof pollen germination beyond
50 ng Con A/ml. This discrepancy may be due to the fact that Southworth used

sucrose as an osmotic component in the culture medium, while we use penta-

erythritol. Since Con A has a high specific affinity for the glucose moiety of

sucrose (Kaneko et al., 1972; Goldstein, 1976), we think that pentaerythritol

is a more suitablecomponentfor studies with this lectin.

Unlike Wheeleret al. (1985), who found that Con A stimulates the polymeri-
zation of actin in human platelets, our results indicate that the presence of

Con A (200 pg/ml) disturbs the integrity of the actin cytoskeleton in Lilium pol-

len tubes. Disturbance of the structural organization of microfilaments, as was

Fig. 3. Micrographs of pollen tubes of Lilium longiflorum stained with rhodamine-phalloidinto

visualize F-actin microfilaments (mf). Fig. 3a shows strands of microfilaments in apollentube grown

in pentaerythrilol medium. Fig. 3b shows the tip of a pollen tube incubated for I hour in medium

containing 200 pg Con A/ml after 4 hours of preincubation in the absence of lectin; only spots
of fluorescence can be distinguished. Fig. 3c shows the zone proximal to the tip in a pollen tube

treated as described in fig. 3h\ a distinct transition (open arrow) is visible between the zone with

parallel strands of microfilaments and that with spotted fluorescence. The closed arrow points to-

wards the pollen tube tip. Bars correspond to 20 pm.
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observed after Con A treatment, has probably a negative effect on the rate of

extension of pollen tubes. This conclusion fits well with the results aboutpollen

tubelength after treatment with Con A.
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