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Abstract Antibodies to arabinogalactan proteins weragion may include gamete-specific molecules plus non-
tested for binding to sperm cells Bfassica campestris specific membrane interactions. In tests of in vitro fu-
and to generative cells and spermLdium longiflorum sions, 80% of sperm-egg pairs fused, 2% of sperm-meso-
Two monoclonal antibodies, JIM8 and JIM13, bound fhyll protoplast pairs fused, and 18% of two-sperm pairs
Brassicasperm in pollen grains and pollen tubes and tased (Faure et al. 1994). Egg cells did not fuse with
isolated sperm. Sperm pairs retained within the vegetach other or with mesophyll protoplasts. These results
tive cell inner plasma membrane fluoresced more brigbtiggest some specificity of gamete cell surfaces.

ly than single sperm, indicating that the vegetative cell Antibodies have been raised to isolated sperm cells of
inner plasma membrane that surrounds sperm pairs &tambago zeylanicdPennell et al. 1987) anBrassica
contains arabinogalactan proteins. Isolated sperm pammpestrigHough et al. 1986). The antibodies were not
exhibited a uniform fluorescence while single sperm habaracterized with regard to specific epitope, and none of
patches of fluorescence. Lilium, isolated generativethe cell lines survive. Of 195 stable hybridomasPto
cells and single sperm cells bound antibodies in a patadeylanicasperm, 46 reacted exclusively with a sperm cell
pattern. Antibodies to arabinogalactan proteins may foaction rather than with pollen tube cytoplasm (Pennell
useful in describing the overall shape of sperm cells agtdal. 1987). Further specificity to particular regions of

for identifying sperm among other cell types. sperm or to specific epitopes was not determined.

A monoclonal antibody raised to protoplasts from
Key words Arabinogalactan proteindBrassica sugar beet suspension-culture cells reacted with surface
campestris Generative cell - JIM8 - JIM1&ilium regions of sperm cells in thin sections of pollen grains
longiflorum- Sperm (plan'} (Pennell et al. 1991). This antibody, JIM8, was specific

to arabinogalactan protein (AGP), both membrane-bound
and secreted. In chemically fixed thin sectionsBof
Introduction napuspollen, immunogold particles were found near the
sperm plasma membrane, in the space between sperm
Fertilization in flowering plants, as in other organismand vegetative cell and near the vegetative cell inner
involves fusion of egg and sperm plasma membranplsma membrane (Pennell et al. 1987). In rapidly frozen
The mechanism of fusion, particularly the membrared freeze-substituted pollen @éfrabidopsis thaliana
components responsible, is unknown in plants. Two akmunogold particles bound to JIM8 were found in the
ternative hypotheses may explain egg-sperm fusimmermembrane zone between sperm and vegetative cells
(Knox et al. 1988). Gametes may fuse because they h@an Aelst and Van Went 1992). While JIM8 is not spe-
unique recognition molecules on their membranes whicific to sperm cells, it is the first antibody that potentially
enable them to interact. This would parallel the situatiomcognizes molecular features of sperm cell membranes.
in animal cells. Alternatively, they may fuse because Other AGPs may be developmentally regulated (Knox
they are the only cells without cell walls brought togetlet al. 1991). A monoclonal antibody, JIM13, recognized
er in an environment that promotes fusion, a situatié&P2, a plasma membrane component. It was unreactive
parallel to fusion of somatic protoplasts. The actual sitwith root meristem cells but reacted with developing epi-
dermis, root cap and pre-xylem tissues. Another monoclo-
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In pollen grains and pollen tubes, the inner membrasraise of the sensitivity drassicasperm to osmotic shock, dou-
of the vegetative cell is closely appressed to the surf&&strength (x2) PBS was used.

. . The pellet containing 1-2x%0sperm was resuspended in
of sperm or generative cells (Southworth 1992). Thiﬁerm isolation medium with 10% normal goat serum. Some sam-

prevents precise localization of antibody binding by indtes were fixed for 15 min in freshly prepared 4% paraformalde-

munogold labelling of thin sections. We tested bindirigde in x2 PBS (Harlow and Lane 1988) and rinsed twice in x2

of JIM8 to isolated sperm cells to determine whether &S before resuspending in 10% normal goat serum in x2 PBS.

tibody binding persists on free sperm cells that have been

washed. This would distinguish binding between solu_b_|_q"um generative and sperm cell isolation

secreted AGPs and membrane-bound AGPs. In addition,

we tested binding of JIM13, a second AGP antibody, a@enerative and sperm cells ldfium were isolated after 6 h (gen-

MAC207, an antibody that did not bind to sperm cegfative cells) or 30 h (generative cells and sperm) and after 54 h or
h (sperm) of germination (Southworth et al. 1992). Osmotic

surface_s (Van Aelst and Van Went 1992). MonOCIOnéﬁock by addition of an equal volume of® (25 ml) was fol-

antibodies JIM8, JIM13 and MAC207 were tested fQfyed by one plunge of the pestle of a 25-ml glass-Teflon tissue

binding to isolated sperm cells, sperm cells in pollgfinder (6 h incubation) or by shaking on ice for 30 min (30-72 h

tubes and leaf protoplasts Bf campestrisand genera- incubation). Osmoticum was returned to 0.3 M sucrose by addi-
tive cells and sperm dfilium longiflorum tion of 12.5 ml of 1.2 M sucrose. Generative cells and sperm were

filtered through a 62um nylon screen to remove pollen and pellet-
ed at 300g for 10 min. Cells were fixed in 4% paraformaldehyde
as withB. campestridbut in x1 PBS.

Materials and methods

Plant material Permeablization of pollen tubes to antibodies

Brassica campestris. (syn., B. rapaL., Wisconsin Fast Plants) Pollen tubes were fixed for 30 min in 4% paraformaldehyde in x2
plants were grown in a greenhouse. Pollen was collected ddiBS and rinsed three times. Pollen tubes from 1-5 mg pollen were
dried overnight at 4°C over NaOH pellets in an airtight dish affgfubated in 500 units of recombinant yeast lytic enzyme, B-1,3-
stored at —14°C for up to 6 monthslium longiflorumL. cultivar ~glucanase (ICN Biochemicals, Costa Mesa, Calif.) for 30—60 min
Ace was grown in the greenhouse. Bulbs were a gift from the Op&-a rotator (Southworth and Jernstedt 1995). Tube wall digestion
gon Lily Bulb Growers Cooperative. Anthers were removed fronas monitored by microscopic observation. Pollen was rinsed

buds collected the day before opening, air dried aseptically for 21ge in x2 PBS, resuspended in methanol at —~14°C for 10 min,
days and stored for up to 1 year at —14°C. and rinsed with PBS and with 10% normal goat serum (NGS) in

PBS.

Pollen germination
Antibody binding

Brassica campestripollen was germinated in media containing
1.3 mM Ca(NQ)2, 1.0 mM KNQ,, 0.8 mM MgSQ and 1.6 mM Monoclonal rat antibodies JIM8, JIM13 and MAC207 were ob-
H;BO; (Brewbaker and Kwack 1963) with 0.6 M sucrose, aridined from Dr. Keith Roberts, (John Innes Institute, Norwich NR4
buffered to pH 8.5 with 20 mM TRIS for sperm isolation orUH, UK). Bound antibodies were detected with fluorescein iso-
brought to pH 8.5 with NFDH for extended pollen tube growththiocyanate-(FITC) labeled goat anti-rat IgG (H+L) (Southern
and antibody incubation within the pollen tube. Pollen (10 mg)otechnology, Birmingham, Ala.). Hybridoma supernatant
was floated on 4 ml medium in 5-cm glass petri dishes on a redio pl) was added to 1-5x2Q@ells and incubated for 45 min at
rocal shaker at 21°C for 2 h on sperm isolation medium or 3 h 2k°C for isolated sperm and generative cells or overnight at 4°C
pollen tube growth medium. Over 50% Bf campestrigpollen for pollen and pollen tubes. Sperm and generative cells were
germinated after 2 h on sperm isolation medium. After 3 h incubsashed with 10% NGS and pelleted at 30Cells were incubat-
tion on pollen tube growth mediunB. campestrissperm had ed for 45 min at 21°C in secondary antibody (FITC-labeled goat
moved into pollen tubes. anti-rat 19G). Pollen grains and pollen tubes were incubated for

Lilium longiflorum pollen was germinated in medium contain3 h at 21°C. Cells were washed and pelleted as before, stained
ing 1.3 mM Ca(NQ),, 1.0 mM KNG, 0.16 mM HBO; and with DAPI and observed on a UV-equipped Leitz Ortholux II mi-
0.3 M sucrose (Dickinson 1965). Aseptic lily anthers were floateefoscopeBrassicasperm were tested fixed and unfixed, Buas-
four per flask on 25 ml medium, on a reciprocal shaker at 30°C fi¢a pollen tubes and.ilium sperm and generative cells were
6 h and 21°C thereafter. After 6 h incubation in Dickinson’s medixed. Controls lacked first antibody. MAC207 constituted a nega-
um, L. longiflorumgenerative cells had moved into pollen tubes. tive control.

Brassicasperm isolation
p Results

Sperm cells were isolated by hypo-osmotic shock. Osmoticum

was reduced by adding 1.5 mL® followed in 45 sec by one Antibody binding toBrassicasperm
plunge of the pestle in a 10-ml Teflon glass tissue grinder. Osmoti-

cum was immediately returned to 0.6 M by addition of 1.5 ml . . .
1.2 M sucrose. Sperm were filtered through guii®nylon screen (gperm cells in pollen grains and pollen tubes and isolat-

and centrifuged at 308 for 10 min. Sperm concentration was de€d sperm cells bound JIM8 and JIM13 in similar pat-
termined by staining with fluorescein diacetate (FDA) and witerns, but did not bind MAC207 (Figs. 1-27). Fixation
4',6-diamidino-2-phenylindole (DAPI, 0.01 mg/ml) and countingjid not alter antibody binding on isolated sperm.

on a hemacytometer. FDA (0.2 g/ml) was dissolved in acetone an P
stored at —14°C. A working solution was prepared by addiph 2 Several patterns of JIM13 binding were observed on

of the stock to 10Qul of phosphate-buffered saline (PBS)ullof isolated sperm. Where sperm cell pairs remained together
working solution was used to stain i of cell suspension. Be- through the isolation procedure, the entire sperm surface,
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Figs. 1-21 Brassica campestrisperm cells1-13Sperm cells la- Single isolated sperm cells bound JIM13 in a patchy

b]?'ﬂed with J.”V'.13tﬁ.““b°dﬂ' Z(FF’lhTaéss lcor;”asg and UV ﬁ?CitatiO’?B?ttern over the cell surface (Figs. 8-13). Fluorescence
of fluorescein isothiocyanate . Isolated sperm cell pair wi ; :

labeled extensiors, 4Pyhase contrast, UV excita?ion of FIT%. Iso- single sperm was less than that of sperm pairs. Sperm
lated sperm cell pair without extensidhUV excitation of FITC. Cells were spheroidal and no structural evidence of

Sperm cell pair in pollen tub&, 7 Phase contrast and UV excita-sperm attachments or cellular extensions remained (Figs.
tion of FITC. Isolated sperm cells clumped-13 Pairs of phase g8 10, 12). Some parts of the cell surface did not bind an-

contrast and UV images of isolated sperm cells with uneven FIT: ; ; : _
labeling around perimeter of cel8, 9 Sperm with a relatively -{'SOd'eS (Figs. 9, 11, 13). Surface zones without fluores

large unlabeled capl0, 11 Sperm with two zones lacking anti-cence formed a cap (Figs. 9, 13). Some isolated sperm
body binding.12, 13 Sperm cell with relatively large unlabeledformed clumps in presence of JIM13.
cap. 14-17 UV excitation of FITC bound to JIM8 antibody on The pattern of JIM8 binding to isolated sperm was

sperm cell pairs in fixed pollen grains. Fluorescence surrou i indi _
both sperm cells and cellular extensions that link sperm cellsr§t1c§imlar to that of JIM13 binding. JIM8 bound to the sur

vegetative nucleil4 Extension coiled15, 16Extensions brighter face of paired sperm cells in pollen grains (Figs. 14-17).
at tip. 17 Curved extension without bright tif8, 19FITC bound Antibodies fluoresced in the contact zone between sperm

to JIM8 antibody and DAPI-labeled sperm cell pair in pollen tubgells and over the entire surface. The cellular extension
Vegetative nucleusafrowhead fluorescing with DAPI in 19 is 5g550ciated with the vegetative nucleus also fluoresced,

not labeled with JIM820, 21UV excitation of DAPI and FITC to . . . S
MAC207 antibody. Sperm nuclei fluoresce with DAPI, but sperfPMetimes with a bright area at the tip distal to the sperm

surfaces are unlabeled with MAC2022—-24 Lilium generative Pair (Figs. 15, 16). The pattern continued on sperm cells
cells isolated from pollen tubes after 6 h incubat@ihPhase con- within pollen tubes (Figs. 18. 19). No fluorescence was

trast.23 UV excitation of DAPI. Nucleus in prophasg4 UV ex-  associated with the vegetative nucleus. No fluorescence

citation of FITC. JIM8 antibody bound to surface of generati
cell. 25-27 Lilium sperm cells isolated from pollen tubes afttljﬁas observed at the pollen plasma membrane.

30 h incubation.25 Phase contras6 UV excitation of DAPI.
Nucleus in late telophas27 UV excitation of FITC. JIM13 anti-

body bound to surface of generative cel000 Antibody binding toLilium generative cells and sperm

IsolatedLilium generative cells in early prophase from 6
including the cellular extension and contact zone betwdenand 30 h-pollen tubes and sperm cells from 30 h- and
sperm cells, fluoresced uniformly (Figs. 1, 2). Often &2 h-pollen tubes showed surface staining from JIM8
cellular extension remained (Figs. 3, 4). In the pollemd JIM13 in patches on the cell surface (Figs. 22-27).
tube, sperm cells were more separated, and fluoresceMaelei and other cytoplasmic components of generative
was similar to that of isolated sperm pairs (Fig. 5). and sperm cells were not stained with antibodies. The
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surface pattern was similar for generative cells aAdknowledgement This research was funded by NSF-RUI grant
sperm and did not correlate with location of the nucled8N-9418178.

Sperm pairs were not found in isolated sperm prepara-

tions inLilium.
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