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Abstract Pistils of Nicotiana alata(Link et Otto) con- of interaction between the pollen tubes and the pistil.
tain an abundant, style-specific glycoprotein (120 kDahe extracellular matrix is rich in sugars and free amino
that is rich in hydroxyproline and has both extensin-likecids (Tupy 1961; Konar and Liskens 1966), lipids (Ko-
and arabinogalactan-protein-like carbohydrate substinar and Liskens 1966; Cresti et al. 1986), proteins, gly-
ents. An antibody specific for the protein backbone obproteins and proteoglycans (Atkinson et al. 1994; Lind
the glycoprotein was used to localise the glycoproteinen al. 1994). Uptake of low molecular weight compo-
both unpollinated and pollinated pistils. The glycopraients into pollen tubes and their metabolism has been
tein is evenly distributed in the extracellular matrix dftudied in detail (Labarca et al. 1970; Chen and Loewus
the style transmitting tract of unpollinated pistils and,977; Deshusses et al. 1981; Capkova et al. 1983;
despite the presence of extensin-like carbohydrate subshlipmann et al. 1994). However, information on the
tituents, is not associated with the walls of the transmiitteraction between pollen tubes and the macromolecules
ting tract cells. In pollinated pistils the 120-kDa glycoaf the transmitting tract is more limited.
protein is concentrated in the extracellular matrix adja- We have recently described an abundant 120-kDa
cent to pollen tubes, and is also present in the cytoplasydroxyproline-rich glycoprotein that accumulates in
and the cell walls of pollen tubes. Pollen tubes growntime transmitting tract fluid of maturinly. alata pistils
vitro do not contain the 120-kDa glycoprotein unless (itind et al. 1994). The glycoprotein has carbohydrate
is added to the growth medium, suggesting that the 130bstituents with features of both the arabinogalactan-
kDa glycoprotein located in pistil-grown pollen tubes igroteins and the extensins. Specific antibodies raised to
derived from the extracellular matrix of the transmittinthe deglycosylated molecule were used on immunoblots
tract. to show that the 120-kDa glycoprotein is a pistil-specif-
ic component, and that antigenically-related glycopro-
Key words Hydroxyproline-rich glycoprotein - Pistil - teins are present in the pistils of other solanaceous
Pollen tubes - Self-incompatibil 'y plants. In this paper we describe an immunolocalisation
study which shows that the 120-kDa glycoprotein is
present in the extracellular matrix of the transmitting
tract and that the glycoprotein is also present in the cell
wall and cytoplasm of pollen tubes growing through

N . i this tissue.
The role of the pistil is to provide an environment suit-

able for pollen germination and the growth of pollen

tubes, and to guide compatible pollen tubes from tReterials and methods
stigma surface to the ovules. Nicotiana alatathe ex-

tracellular matrix of the transmitting tissue is the medbant material

um through which pollen tubes grow, and thus is the site
Nicotiana alata(Link et Otto) plants of self-incompatibility geno-
o . . types SS, and §Sg were maintained under standard glasshouse
%I;;r'nl_(lzngll éio?ggn;gReéégfcﬁlgrgr@e) S'\élhoAc')lel}d;(;tsacl)rTy conditions, as described previously (Anderson et al. 1989). Pistils
University of Melbourne, Parkville, Victoria 3052, Aust}alia; were collected and were fixed for microscopy, extracted immedi-
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Tel.: +613-344-5043. Fax: +613—-347—1071 ately, or stored at —70°C for later extraction. Mature, receptive
" ' ’ stigmas covered in stigmatic exudate were pollinated manually us-
Present address: ing a wooden toothpick to transfer freshly collected pollen from

! Department of Biochemistry, Latrobe University, Bundoora,  fully opened anthers. The pollinations were performed in the
Victoria 3083, Australi morning.
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Relative growth rates of compatible and incompatible pollen tubegre extracted from pollen tubes by grinding frozen tubes in pistil
extraction buffer containing 1% (w/v) 3[(3cholamidopropyl)-di-
Mature N. alata pistils (self-incompatible, genotype,$) were methylammonio]-1-propane-sulphonate (CHAPS, Sigma). The
pollinated with g or S, pollen and left on the plant for 2-12 h.pollen tubes were ground in buffer, refrozen in liquid nitrogen, and
The pollinated styles were stained with decolorised aniline bltren re-ground and frozen three more times. The soluble proteins
(Maheswaran et al. 1986). The stained pistils were squashedvbere recovered in the supernatant after centrifugation (10g000
tween a coverslip and microscope slide and viewed under YUY, 5 min) and analysed by SDS-PAGE and immunoblotting as
light. The position of the majority of pollen tube tips was marketescribed in Lind et al. (1994).
on the slide and the distance from the stigma measured.

Immunogold labelling of stigma and style tissue Results

Stigma and style tissues (3 mm segments) were fixed in 4% para-__,.__.. .
formaldehyde, 0.5% glutaraldehyde, 60 mM PIPES/KOH (pH 71)()‘33“23“0”_ of the 120-kDa glycoprotein
at room temperature for 2 h and then at 4°C overnight. After fixdt N. alatapistils

tion, the segments were washed in 60 mM PIPES/KOH (pH 7.2)

and dehydrated for 3 h at room temperature in acidified dimethhe antibodies to the 120-kDa glycoprotein bound to the

oxypropane (concentrated HCl:dimethoxypropane, 1:2 000 v/y), .
The dehydrated segments were embedded in LR Gold contai racellular matrix of styles, but not to the cytoplasm of

Benzil (London Resin) by polymerisation under a Phillips TuWansmitting tract cells or to vesicles or organelles within
15-W UV lamp at a distance of 10 cm for 12 h. Immunogold ldhe transmitting tract cells (Fig. 1A). No antibody bind-
belling of ultra-thin sections of styles was performed as descriq?@ was detected in the transmitting tract cell walls

in Anderson et al. (1987). Antibodies to the deglycosylated 12Q-:
kDa glycoprotein (Lind et al. 1994) were purified from rabbit szeéhg' 1A,B), or between the cells where the walls were

rum by chromatography on protein A-Sepharose (Pharmacia, UB|Sely appressed and the cells connected by plasmodes-
sala, Sweden) as described by Harlow and Lane (1988), and iraata (Fig. 1B). The antibodies did not bind to the corti-
bated with the sections at a concentration of 2.5 op§.®G/ml. cal or epidermal cells or their cell walls (data not

The specificity of labelling was tested by replacing the antibodi ; ; ; ;
to the deglycosylated 120-kDa glycoprotein with antibodi gsﬁown)' When the primary antibodies were replaced with

(2.5 g IgGIml) purified from pre-immune serum using protein AIJG purified from pre-immune rabbit serum, a very low
Sepharose, or by pre-incubating the antibodies (@5gG/ml) level of background labelling was observed across the

with the deglycosylated 120-kDa glycoprotein (#@ml) (Lind et sections (Fig. 1C). Similarly, when the antibodies to the

al. 1994) for 30 min at room temperature. 120-kDa glycoprotein were pre-incubated with deglyco-
sylated 120-kDa glycoprotein, binding of the antibody to

In vitro culture of pollen tubes the extracellular matrix was completely inhibited (data
not shown).

N. alatapollen (S genotype) was cultured according to the meth-

od of Read et al. (1992). Pollen was collected in the morning from

flowers approximately 12—24 h after anthesis, suspended in the . . .

pollen growth medium by vortexing (0.5 mg pollen/ml), anérowth rates of compatible and incompatible pollen tubes

placed in the wells of a sterile, 96-well (FOwell) tissue-culture jn N. alata

tray (Sigma, St Louis, Mo.) or a 24-well (3@Qwell) tissue-cul-

ture tray (Sigma). The pollen tubes were grown in a moist atmgz . .

sphere at 28°C. In some experiments the pollen tube mediumrr\)/ﬁg%e In vivo gr_owth rate _Of pollen tUbeS_ Was me,'asured to

supplemented with 10@g/ml pure 120-kDa glycoprotein (Lind et€nable selection for microscopy of pistil sections con-

al. 1994) or 10Qug/ml bovine serum albumin (BSA, Sigma). taining pollen tube tips. Self-compatible (SC) pollen
tubes had an average growth rate of 0.7 mm/h over the

Immunogold labelling of in vitro-cultured pollen tubes first 12 h of growth, whilst the incompatible (SI) pollen
had an average growth rate of 0.4 mm/h over the same

Pollen tubes grown in vitro as described above were lightly fixed |b€§ri0d (Fig. 2). The difference in growth rate between Sl

the addition of fixative solution (4% formaldehyde, 0.5% glutarafnq gcC pollen tubes was observed within 2 h of pollina-

dehyde, 60 mM PIPES/KOH pH 7.2; pOfixative/50ul of culture .~ o
volume) for 10 min. The pollen tubes were transferred to a silanigw’ at this time the SC tubes had clearly penetrated the

microfuge tube, pelleted (10 0@ 5 s, room temperature), resusStigma whilst SI pollen tubes were restricted to the stig-
pended in fixative for 1 h at room temperature and then incubatee surface. The incompatible pollen tubes, stained with

overnight at 4°C. The pollen tubes were then washed three timegdgolourised aniline blue, appeared twisted and had

60 mM PIPES/KOH, pH 7.2 (1 ml, 30 min) by gentle resuspensign: : ;
and centrifugation (10 00§ 5 s, room temperature). After washingﬂquemad cell walls from the 4.5 h time point onwards.

each sample was rapidly resuspended in a gelatine solution (4%@spite their appearance, the incompatible tubes contin-
gelatine in 60 mM PIPES/KOH pH 7.2 at 28°C; 10f gelatine ued to grow, and few had swollen or burst tips after 12 h
solution/10pl packed pollen tubes). The gelatine was allowed to st growth.
at 4°C (10 min), and 2- to 3-mm pieces were dehydrated in a gradeg
ethanol series before infiltration and embedding in LR Gold using
the procedure described for the pistil segments. L .

Localization of the 120-kDa glycoprotein

) . . _ in compatible pollen tubes
Preparation of protein extracts and protein gel blot analysis

Proteins were extracted from pistils and analysed by SDS-PA¥¢Nen compatibly pollinated styles were immunolabelled
and immunoblotting as described in Lind et al. (1994). Proteindth the antibody to the 120-kDa glycoprotein, the cyto-



Fig. 1A—C Immunogold localization of the 120-kDa glycoproteiriThe antibodies to the 120-kDa glycoprotein bound to the extracel-
in the transmitting tract of unpollinated. alatastyle.Transverse lular matrix €n) of the style, but not to the cell wallsw) or the
sections from style pieces (3—6 mm below the stigma surfacgjoplasm of the transmitting tract celks).( The region between
were immunolabelled with antibodies to the 120-kDa glycoproteiwo closely appressed transmitting tract cells containing plasmo-
(A,B) or pre-immune antibodie<], followed by protein A cou- desmatadrrowsin B) was also unlabelled. The pre-immune anti-
pled to 10-nm goldBar 1 um; A x35 000,B x27 000,C x26 000. bodies C) did not bind to pistil sectior:s
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plasm of the pollen tubes was labelled as densely asThe extracellular matrix surrounding the pollen tube tip
extracellular matrix of the transmitting tract (Fig. 3was labelled heavily with the antibody to the 120-kDa
Several pollen tubes were examined and, in general, ghgoprotein. The cytoplasm 1-dm behind the tip,
antibody binding was localized in regions of the cytevhich is rich in very small vesicles, was not heavily la-
plasm that were rich in secretory vesicles (200-300 rralled, but there was significant labelling of the cyto-
diameter) that were fibrillar and had an appearance typiasm 5um back from the apex of the tube (Fig. 4).

cal of P-particles (Fig. 3A,B,D). No binding was detect- In contrast to sections taken close to the pollen tube
ed in the cytoplasm of the transmitting tract cells, on ttip, sections further back from the tip contained electron-
section of pollen tube (pt2, Fig. 3A) that contained rapaque fibrillar material in the inner wall layer that la-
cytoplasmic organelles, nor on pollen tube sections thailed heavily with the antibody (Fig. 5A,B). Large vesi-
were devoid of P-particles (Fig. 3C). The pollen tubme-like structures in the pollen tube cytoplasm were also
profile lacking cytoplasmic organelles (pt2, Fig. 3A) apieavily labelled. The vesicle-like structures appeared to
pears to have a smaller diameter than the other pollEnmembrane-bound, and contained a mixture of compo-
tube in the section (ptl). This appearance could resunts with different electron opacities (Fig. 5B). In this
from oblique sectioning close to the cell wall or sectionegion of the pollen tube, the cytoplasm stained darkly
ing through a collapsed region of the tube distal to thad contained large lipid droplets and small vesicles but
tip. Whereas the 120-kDa glycoprotein was evenly digw P-particles.

tributed over the extracellular matrix in unpollinated

styles (Fig. 1), it was often concentrated adjacent to the = )

pollen tube surface in pollinated styles. This was magsicalization of the 120-kDa glycoprotein

apparent when the pollen tubes and transmitting trdtincompatible pollen tubes

,figlrl]ss %?:rl?bigtgcljo\?v?tr? rggg{ggéiézi%fn?}ﬁérg\;\éhﬁﬁ%?hsesghe cytoplasm of incompatible pollen tubes was also la-
: ) elled with the antibody to the 120-kDa glycoprotein.
rum showed no labelling of the pollen tubes or the extig o pollen tube shown |¥1 Fig. 6 contained %Ypaﬁicles as

cellular matrix (Fig. 3E, P-particles arrowed). well as the concentric endoplasmic reticulum character-

Significant immunolabelling of the cytoplasm was decyi o incompatible pollen tubes (de Nettancourt et al.
tected in the longitudinal section through the apicalls 373). The incompatible tube in Fig. 6B was allowed to

apical zone of the pollen tube shown in Fig. 4. This pc row for 24 h before fixation and sectioning. The pollen
g p

len tube was sectioned very close to the tip. The proxi be, which is sectioned transversely, contains P-parti-

ity to the tip is reflected in the thin and ruffled appear-"" '

ance of the cell wall at the apex, the even, rounded-shape

pollen tube, and the appearance of the electron-lucegt 3a—£ Immunogold localization of the 120-kDa glycoprotein
callose layer about pm distal to the tube tip. The tip ofin a compatibly pollinatedN. alata pistil. Longitudinal sections
the pollen tube appeared intact and was not deformésem pistils (genotype 55,) pollinated with compatible pollen 7 h
prior to fixation and immunolabelling with antibodies to the 120-
kDa glycoprotein A—D) or the pre-immune antibodieg)( fol-
lowed by protein A coupled to 10-nm goBiar 1 um; A x12 000,
10.0 B-D x17 000,E x24 000. The section shown & contains three
transmitting tract cellstf) and two pollen tubespf). One of the
pollen tubesftl) has cytoplasm that is densely packed with large
vesicles (200-300 nm). The other pollen tup&) contains no cy-
7.5 toplasmic organelles. The cell walls of the transmitting tract cells
are electron-lucentidng arrow9 and have clear boundaries. The
pollen tubes have walls composed of an electron lucent inner layer
of callose and an outer layer composed mostly of arabinan that
5.0 does not have a clear boundaspdrt arrow3. The antibodies to
the 120-kDa glycoprotein bound heavily in the extracellular ma-
trix (em) of the transmitting tract and in the cytoplasm of the pol-
len tube ptl). B Section through a pollen tube containing cyto-
254 plasm rich in vesicles containing fibrillar contents (P-partices,
rows). The antibodies to the 120-kDa glycoprotein bound to the
cytoplasm and to a lesser extent to the cell walls of the pollen
tube.C Section through a region of the pollen tube with vesicles
0.0 <f I T that had a different appearance from the P-particles. The antibod-
ies to the 120-kDa glycoprotein bound to the extracellular matrix
0 5 10 15 of the transmitting tract but did not bind to the pollen tube cyto-
. . . plasm.D Section through a pollen tubpt) adjacent to a transmit-
Time after polhnatlon (h) ting tract cell {t). The 120-kDa glycoprotein in the extracellular
matrix em arrowhead$ is concentrated next to the cell wali\
Fig. 2 Growth curve for compatible and incompatibie alata of the pollen tube. The cytoplasm of the pollen tube is rich in P-
pollen tubes grown in vivo. A comparison of the growth rate pharticles arrows) and is labelled heavily with the antibody. The
compatible (§-genotype—m—) and incompatible (Sgenotype transmitting tract cell is not labelleB. Pre-immune antibodies on
—( 1) pollen tubes in pistils of S, genotype during the first 12 h a section similar t@® did not bind to the extracellular matrizr)
after pollination. Each data point is the mean of at least three indeio the cytoplasm of the pollen tube that was rich in P-particles
pendent pollinatior s (arrows)

Pollen tube length (mm)
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Fig. 4 Immunogold localization of the 120-kDa glycoprotein implasm and cell walls of pollen tubes that had been grown

the tip of a compatible pollen tube. The pollen tubedéhotype) for 8 h in medium containing added 120-kDa glycopro-
was immunolabelled with antibodies to the 120-kDa glycoprotefn. t trati f 10@/ml (Fia. 8B

followed by protein A coupled to 10-nm golBar 1 um: x7 500. t€in ata concentration of 1@@/ml (Fig. 8B).
The extracellular matrixe(r) and the pollen tube cytoplasm ap-

proximately 5pm distal to the tube apexfowhead$ were la-
belled with the antibodies, whilst the cytoplasm in the apical re- .
gion and the pollen tube wallsvj) were unlabelle:! Discussion

The 120-kDa glycoprotein is one of a series of proline-
ngnd hydroxyproline-rich glycoproteins that have been
ddentified in the pistils of solanaceous species (Goldman

kDa glycoprotein. In some instances the gold particlBs@!- 1992; Chen et al. 1992, 1993; Wang et al. 1993; He

are associated with the fibrillar component of P-particldd, & 1994; Lind et al. 1994). Their function is largely
unknown, although roles in tissue differentiation (Knox

1990), pollen tube nutrition (Labarca and Loewus 1973),

cles, a significant fibrillar component in its cell wall, al
is relatively heavily labelled with antibodies to the 12

Localization within in vitro-grown pollen tubes
Fig. 5A,B Immunogold localization of the 120-kDa glycoprotein

Extracts from unpollinated styles, compatibly and ifn older regions of compatible pollen tubes. Section from a pistil

; ; ; e enotype $5,) pollinated with compatible pollen (genotypg) S
compatibly polllna_ted S]Eylesr’] and in vitro %roxvn po”?(gh@prior to fixation and immunolabelled with the antibodies to the
tubes were examined for the presence of the 120-ki3@.«pa glycoprotein, followed by protein A coupled to 10-nm
glycoprotein by immunoblotting (Fig. 7). Pollinated angold. Bars 1 pm; A x12 500,B x40 000.A Longitudinal section
unpollinated styles contained similar amounts of tleéthe style containing three transmitting tract cetfs nd a sin-
120-kDa glycoprotein and pollination had no significa%e pollen tubet) that is surrounded by extracellular matrxry.

. e pollen tube has darkly staining cytoplasm and contains large
effect on the apparent molecular weight of the glycopy, id droplets () and small vesicles as well as two large vesicles

tein. Extracts from in-vitro-grown pollen tubes had n@rrows) that are heavily labelled with gold particl&0One of the
detectable 120-kDa glycoprotein. The 120-kDa glyctge vesicles irA at higher magnification. The vesiclee§ ap-

protein was not detected in in-vitro-grown pollen tub@§ars membrane-boundr(ow) and the contents are heterogene-

: : : - , with most of the label positioned over the most electron-
that were sectioned and immunolabelled with ant'bOd@e'%hse material. The inner cell wailtw) of the pollen tube is also

to the 120-kDa glycoprotein (Fig. 8A). In contrast, lighhbelled with the antibodies, whilst the outer cell waltw) and
but reproducible gold labelling was observed in the cytibe cytoplasm around the labelled vesicle are unlat:alled
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Fig. 6A,B Immunogold local-
ization of the 120-kDa glyco-
protein in incompatible pollen
tubes. Sections from pistils
(genotype $5,) pollinated with
self-pollen for 7 hA) and 24 h
(B) before fixation were immu-
nolabelled with the antibodies
to the 120-kDa glycoprotein
followed by protein A coupled
to 10-nm goldBars1 um; A

x34 000,B x37 000. The pol-
len tube inA has concentric en-
doplasmic reticulumaer) and
numerous P-particlesrows).
The extracellular matrixefm)

and the cytoplasm of the pollen
tube are labelled. The older
pollen tube B) has a fibrillar

cell wall (cw) and several P-
particles arrows). The cyto-
plasm contains more gold parti-
cles than the 7-h pollen tube,
and some of the labelling is po-
sitioned over the P-particles

pollen adhesion (Gleeson and Clarke 1979), guidance offThe 120-kDa glycoprotein is a style-specific compo-
pollen tube growth (Wang et al. 1993) and defenoent that accumulates to levels of 9% (w/w) of the soluble
against pathogen invasion (Atkinson et al. 1994) hawmtein in styles of maturll. alataflowers (Lind et al.
been suggested. 1994). Using antibodies directed to the 78-kDa protein
The immunolocalization experiments described in thigckbone of the glycoprotein (Lind et al. 1994), we found
paper show that the 120-kDa glycoprotein is presenttirat the glycoprotein is evenly distributed throughout the
the extracellular matrix of the transmitting tract and thextracellular matrix of the transmitting tract. It was not
it interacts with and is taken up by pollen tubes growipgesent in the walls or the cytoplasm of the transmitting
in vivo. Direct immunocytochemical evidence for in vittract cells, and therefore has a similar distribution to the S-
ro but not in vivo uptake of stylar S-RNases has beRhlases (Anderson et al. 1989). The lack of antibody bind-
presented (Gray et al. 1991). The question of whetleg to the transmitting tract cell walls confirms that the
other style macromolecules are able to enter pollen tubaskbone of the 120-kDa glycoprotein is antigenically
relates to pollen tube nutrition and guidance of pollalistinct from both the hydroxyproline-rich glycoproteins
tube growth in both compatible and incompatible matresent in the cell walls and the salt-extractable extensin
ings. precursors (Stuart and Varner 1980; Smith et al. 1984).
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A BCDE The 120-kDa glycoprotein was only detected in in vit-
ro-grown tubes after the glycoprotein was added to the
growth medium. This supports the hypothesis that the
120-kDa glycoprotein detected in stylar-grown pollen
tubes is derived from the extracellular matrix of the pis-
til. An alternative interpretation is that pollen tubes syn-
thesise the glycoprotein when in contact with the glyco-
protein, either in the transmitting tract or when added ex-
ogenously in vitro.

In contrast to the transmitting tract cells, pollen tubes
growing extracellularly through the transmitting tract
contain the 120-kDa glycoprotein in their cytoplasm and
cell walls. The glycoprotein was most abundant in cyto-
plasm more than im distal to the pollen tube tip, which
is rich in secretory P-particles. Regions of the cytoplasm
that contained few P-particles, or were rich in lipid drop-

(kD)

94 __
67 _

43 _

30 _

20—

Fig. 8A,B Immunogold localization of the 120-kDa glycoprotein
Fig. 7 Comparison of the levels of the 120-kDa glycoprotein iim pollen tubes grown in vitro. Pollen {§enotype) was germinat-
pollinated and unpollinated pistils and in vitro-grown pollen tubesd and grown in vitro for 8 h in the presencefoBSA (100ug
Buffer soluble proteins (fig) extracted from s5,-genotype pistils protein/ml) orB the 120-kDa glycoprotein (10Qg protein/ml).
that were: A) unpollinated, B) pollinated with incompatible pol- The pollen tubes were immunolabelled with antibodies to the 120-
len for 24 h, C) pollinated with compatible pollen {enotype) kDa glycoprotein followed by protein A coupled to 10-nm gold.
for 24 h; and fromI) S, pollen grown in vitro for 8 h; ande) §; Bar 1 pm; x35 000. The pollen tubes were sectioned through areas
pollen grown in vitro for 8 h. The proteins were separated on ahcytoplasm containing mitochondrieng), lipid droplets L), and
SDS 12.5% polyacrylamide gel, electroblotted onto nitrocellulosadoplasmic reticulumagrowhead$. The section of the pollen
and immunostained with the antibodies to the 120-kDa glycoptabe that had been grown in the presence of B&)Acontained no
tein gold particles, whereas the pollen tube grown in the presence of
the 120-kDa glycoproteirB) contained gold particles over the cy-
toplasm and cell wall
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lets, contained very low levels of the 120-kDa glycoprperformed on in vitro-grown tubes. Gray and co-workers
tein. Further back from the pollen tube tip, in areas (¥f991), for example, have shown that the style S-RNases
darkly staining cytoplasm and numerous lipid dropletsiolved in self-incompatibility inN. alataare taken up
the glycoprotein was detected in electron-opaque inchy pollen tubes cultured in vitro. Immunocytochemical
sions within the callosic cell wall layer. These inclusiorevidence for the uptake of S-RNases into in vivo-grown
are similar in appearance to those produced when P-palbes has not been reported, but the absolute requirement
ticles fuse with the plasma membrane and dispense tlo¢éithe RNase activity for self-incompatibility (Huang et
contents into the cell wall (de Nettancourt et al. 1978, 1994; Kowyama et al. 1994; Royo et al. 1994) and the
Cresti and van Went 1976). One explanation for the aiisservation that RNA is degraded in incompatible pollen
servations is that the 120-kDa glycoprotein is taken tybes (McClure et al. 1990) indicates that S-RNases
from the style extracellular matrix into the pollen tubmust enter the pollen tube cytoplasm to mediate their cy-
cytoplasm and then secreted into the callosic layer of theoxic effect. An understanding of the mechanism of up-
pollen tube cell wall. The co-localization of the 120-kDeake of S-RNases into pollen tubes will play an impor-
glycoprotein with material secreted from P-particles intant role in deciphering the role of the poll&gene
the cell wall suggests that the glycoprotein is either prggeduct in the self-incompatibility reaction. It has been
ent in intact P-particles or in another type of vesicle thaiggested that the pollen product of thgene is a spe-
also deposits its contents into the callosic wall layer. ific receptor or transporter located on the surface of the
rect evidence of co-localization of the 120-kDa glycqollen tube that recognises and leads to uptake of the
protein with intact P-particles was not obtained, as osmiyle S-RNases in an allele-specific manner (see Newbi-
um tetroxide treatment is required to visualise the megin et al. 1994 for review). An alternative hypothesis is
brane of the P-particles and this treatment is not comgat S-RNases enter pollen tubes in a non-specific man-
ible with immunolocalization using the antibodies to theer and are either activated or inhibited after interaction
120-kDa glycoprotein. with the pollen-S component in the cytoplasm. If non-
In general, incompatible tubes contained less 120-kB@ecific uptake occurs it is likely that the 120-kDa glyco-
glycoprotein than compatible tubes of the same age @letein, the style S-RNases and other macromolecules
though this observation was not quantified. This appa&nter pollen tubes by a similar mechanism. Non-specific
ent difference could be specific to incompatible polleandocytosis has been demonstrated in vitro with pollen
tubes, or could occur in all pollen tubes that are growitgbes of Nicotiana tabacumusing labelled dextrans
slowly. Incompatible pollen tubes grown for 24 h geneequivalent in size to a 30-kDa globular protein (O’Dris-
ally contained more of the 120-kDa glycoprotein thagoll et al. 1993a,b).
those grown for 7 h. The increase could be due to alnterestingly, the 120-kDa glycoprotein in the extra-
"leakines$ of the cell membrane induced by the self-irgellular matrix often appeared to be concentrated on the
compatibility response, or to continued accumulation otiter face of the pollen tube cell wall. This apparently
the 120-kDa glycoprotein during growth. close association may be due to non-specific ionic inter-
Loewus and Labarca were the first to study uptakeasftions, since the 120-kDa glycoprotein is highly posi-
pistil glycoconjugates into pollen tubes (Labarca and Ltively charged (Lind et al. 1994) and the surface of pol-
ewus 1972, 1973; Loewus and Labarca 1973). They li@n tubes is negatively charged (Li et al. 1994). Alterna-
cubated pistils witht4C-glucose, extracted the labelledively, the association may reflect a specific interaction
pistil extract and isolated a fraction that was composeétween the 120-kDa glycoprotein and a component of
in part of proteoglycans with arabinogalactan-like sidee pollen tube wall. The glycoprotein must be able to
chains (Aspinall and Rosell 1978). When pollen tubesass through the pollen tube wall before endocytosis can
growing in vitro or in vivo were exposed to this macramccur. Whereas globular proteins of 15-25 kDa can
molecular fraction, labelled arabinose and galactose rgsibbably diffuse through pollen tube walls (Hoggart and
dues from the proteoglycans accumulated in the cell walarke 1984), passage of a significantly larger molecule
polysaccharides of the pollen tubes. It was not cleaguld be very slow (Read and Bacic 1995) unless it has
however, whether intact proteoglycan molecules had enlinear conformation. The very low level of cysteine in
tered the pollen tubes and been deposited more or kbes120-kDa glycoprotein (Lind et al. 1994) is consistent
intact into the cell wall, or whether the labelled monavith its having a linear rather than a globular conforma-
saccharides had been released from degraded protedgy: It is possible that uptake of macromolecules from
cans before uptake and incorporated into newly synthiee extracellular matrix of the style into pollen tubes is a
sised cell wall polymers. The 120-kDa glycoprotein deemmon process, providing the molecules are of an ap-
tected in the pollen tubes in this study was localized wthopriate size, shape and charge to pass through the cell
antibodies directed to the protein backbone of the moleall to the plasma membrane.
cule. The fate of the carbohydrate side chains has nofhe role of the 120-kDa glycoprotein in pollen tube
been investigated, but continued antibody binding syghysiology is not known. Uptake and incorporation into
gests that the protein backbone, at least, has not unties-wall does not necessarily indicate a primary role in
gone substantial degradation after uptake. Other stugieien tube nutrition. A morphogenetic role, or roles in
on uptake of macromolecules into pollen tubes have beatien tube elongation and guidance, are also possible.
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The next steps in furthering an understanding of the tpggart RM, Clarke AE (1984) Porosity @ladiolus stigmatic
take of the 120-kDa glycoprotein and its physiological Papillae and pollen tube walls. Ann Bot 53:271-277
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