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ABSTRACI

A technical procedure is described to follow the in vitro release of the
'male germ unit' and the sperm cells from three tricellular pollen species
(Brassica, Zea, and Triticum). The condition of the sperm cell was
controlled using light microscopy. In addition, for the first time, the
sperm cells viability has been checked by the fluorochromatic reaction
test. These preliminary results indicate that this procedure appears to be
a prerequisite for the successful preparation of purified viable sperm
cells.

In flowering plants, the sexual process of double fertilization
is still relatively unknown especially the mechanisms of cell
fusions. Two sperm cells (SCl and SC2)2 produced by the pollen
grain are required: one fuses with the egg to form the embryo
and the second fuses with the central cell to give rise to the
nutritive endosperm. Today it is a challenge to understand the
role played by each sperm cell. With that in mind, attempts have
been made to prepare naked pollen gametophytes (sporoplasts)
(12) and sperm cell nuclei (11).
On the other hand, Russell (16, 17) first demonstrated in

Plumbago zeytanica the preprograming of the two dimorphic
sperm cells. Similar physical associations between the vegetative
nucleus and the sperm cell pair have recently been reported in
several species (13, 20) and are termed 'male germ unit' (MGU)
by Dumas et al. (5) to emphasize the male DNA transmission as
a whole in the double fertilization. In addition, Russell (15)
pointed out the preferential fusion of the rich plastid sperm cell
(SC2) with the egg in Plumbago.

All these reports increase the interest in finding ways to isolate
living flowering plant sperms. Recently Russell (18) obtained an
enriched fraction of sperm cells using a sucrose gradient. Never-
theless the question of their viability remains unresolved. The
aim of this paper is to present the technical prerequisites to
obtain viable isolated sperm cells from several tricellular pollen
grain species: Brassica zea and Triticum.
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2Abbreviations: SC1 and SC2, sperm cells I and 2; BK medium,

Brewbaker and Kwack medium; DAPI, 4',6-diamidino-2-phenylindole;
EB, ethidium bromide; FCR, fluorochromatic reaction; FDA, fluorescein
diacetate; MGU, male germ unit.

MATERIALS AND METHODS

Mature plants of Brassica oleracea, Zea mays, and Triticum
aestivum were grown in a greenhouse with temperatures held
above 20C and 12 to 14 h light. Fresh pollen was collected from
dehiscent anthers and pollen viability was tested directly by the
usual fluorochromatic FCR test procedure (6, 7). The pollen
grains were incubated into the BK medium (1) supplemented
with sucrose (15% for Zea and Brassica, 30% for Triticum).
Pollen suspensions were observed with a light microscope (Nikon
Labophot type 104) equipped with phase contrast and epifluo-
rescence systems. Photographs were taken with a Nikon photo-
micrographic attachment UFX II loaded with Ilford HP5 film
(400 ASA). In order to check nuclear structures, DNA fluoro-
chromes EB (8) and DAPI (3) were used. The details of the
technical conditions are reported in Table I.

RESULTS AND DISCUSSION

The pollen species used in this work are tricellular: a vegetative
cell containing two sperm cells whose nuclei may be visualized
in situ by the DNA fluorochrome DAPI (Fig. 1). The isolation
ofsperm cells first involves the finding ofan appropriate medium
and technique to break the thick pollen wall. To obtain them
free of damage, the release of intact sperm cells must be con-
trolled throughout the isolation procedure. Finally their viability
has to be verified and checked.
Thus pollen grains were incubated in a BK sucrose medium

to induce a light osmotic shock. For Zea and Brassica pollen a
gentle grinding is coupled with the osmotic shock. In Zea pollen
congestion of organelles prevents accurate observation of sperm
cells which led us to find the following convenient and rapid
method: using a light microscope equipped with both fluores-
cence and phase contrast systems to simultaneously detect the
nuclei with a DNA probe (EB or DAPI) and to determine the
cellular state by phase contrast microscopy. Under these condi-
tions the release of sperm cells follows a remarkable 'time table.'
When pollen grains discharge their contents, the vegetative

nucleus and the two sperm cells appear simultaneously. These
three subunits are linked to form a structured set, which has
previously been termed the MGU (5), demonstrated from elec-
tron microscopic data. We present the first light microscopic
observation ofthe in vitroMGU in Brassica (Fig. 2). In Triticum
and Zea pollens the abundance ofstorage products (starch grains)
makes the MGU structure more difficult to liberate in good
condition. After pollen discharge, the two sperm cells separate
from the vegetative nucleus. Then they appear as elongated cells
with a reduced 'active' cytoplasm, connected with a membranous
tract (Fig. 3, a and b). At that light microscopic level the di-
morphic aspect of the two cells cannot always be detected. But
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FIGS. 1-6. Male cells of pollen grains. Phase contrast and epifluorescent microscopic observations (scale 10 ;&m). 1, Tricellular Brassica pollen
grains: two sperm cell nuclei and vegetative nucleus. DAPI fluorescence (sc, sperm cell; vn, vegetative nucleus). 2, Isolated MGU from Brassica
pollen grain. Note the vegetative nucleus in connection with the sperm cell pair. Phase contrast (sc, sperm cell; ct, cytoplasmic tract; vn, vegetative
nucleus). 3, Two elongated sperm cells from Zea pollen: a, phase contrast. The membranous tract between the two sperm cells is clearly visible
(arrows). b, EB fluorescence in conjunction with phase contrast in nucleus. 4, A sperm cell pair isolated from Triticum pollen. EB fluorescence. 5,
Two isolated spherical sperm cells from Zea pollen. Phase contrast. 6, FCR test in isolated sperm cells from Triticum pollen (p, bursting pollen
grain; sc, two sperm cells).
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Table I. Technical Conditionsfor Using Several Fluorochromes with Different Cytological Targets

Concentration Excitation Filter
Fluorochromes i n Time of Nikon Color of Cytological

Fluorescent Products in BK Incubation Fluorescent Fluorescence Target
Equipment

mg/ml min nm
Ethidium bromide 0.09 1 B2IF 460-485 Orange Nucleus
4',6-Diamidino-2-phenylindole 0.001 10-15 UV 330-380 Blue Nucleus
Fluorescein as fluorescein diacetate 0.002 5-10 B2IF 460-485 Green Cell viability

according to the observations ofseveral authors the SCI possesses
a tail in contiguity with the vegetative nucleus (20). SCI may
correspond to the cell which carries a slender membrane projec-
tion with some tiny vesicles (Fig. 4).
Such elongated sperm cell pairs are also found in vivo in the

narrow tubes of germinating pollen or when these tubes liberate
their contents in the BK medium. Tests using variable sucrose
solutions have shown that linked Zea and Triticum sperm cells
can be maintained when the sucrose concentration medium is
higher than 30%. A few minutes after introduction into the BK
medium the physical association between the two sperm cells is
ruptured and each of them becomes individualized and shortly
thereafter spherical. Nevertheless both cytoplasm and nucleus
are still clearly distinguishable (Fig. 5). In Hordeum sp. Cass (2)
has also noticed the transition from spindle shaped cells to
spherical ones which may be facilitated by changes in disposition
of sperm microtubules.
The question which arises then is: how can cell viability be

assessed? Usually the FCR is employed to test cell viability. This
technique has been used since Rotman and Papermaster (1966)
(14) have demonstrated the fluorochromasia in living animal
cells. Subsequently, it was applied to pollen grains (6, 7), to cell
suspensions (9), and cultured plant cells (19). In the last case, the
authors correlated the FCR to the cytoplasmic activity and to
cell growth. In our laboratory previous observations have shown
that FCR- (negative) pollen grains of the three species (Zea,
Triticum, and Brassica) may exhibit two similar green fluores-
cent spots inside, suggesting that they correspond to sperm cells
which respond to the FCR reaction (data not shown). Therefore
we checked sperm cell viability-to the best of our knowledge
for the first time-by the FCR test. In the presence ofFDA the
two cells emit bright green fluorescent light (Fig. 6). In addition
we demonstrated that isolated sperm cells contain ATP (data not
shown). The presence of this nucleotide is known to be an
indicator of life (10), and its measurement is used to test the
fertility of human semen (4). Moreover the presence of FCR+
(positive) sperm cells in pollen which is apparently FCR negative
implies that sperm cells have a stronger resistance than the pollen
grains which contain them. This observation seems to be sup-
ported by the fact that isolated sperm cells stored at 4°C for 48
h remained FCR+ (data not shown).

In conclusion this preliminary work shows that this procedure
was an absolute prerequisite for the successful preparation of
purified viable sperm cells. Our results have provided the essen-
tial technical tools, particularly the feasible assessment ofviability
by the FCR test.

According to Russell (15), the preferential fusion of the SC2
with the egg and SCI with the central cell indicates a peculiar
recognition at the gamate level, which may reflect specific differ-
ences in the cell surface. Thus viable sperm cell isolation may
give the opportunity to analyze plasma membranes of these
highly specialized cells with appropriate markers. In our labora-

tory we are trying to get an enriched fraction of sperm cells by
separating them from pollen organelles and debris through a
Percoll gradient centrifugation step. All these studies may con-
tribute to a better understanding of double fertilization.
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