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Actin dynamics were studied by rhodamine-phalloidin method during the
pollen ontogeny of Tradescantia paludosa. During the interphase and prophase
of the microspore division, some filamentous (F-) and amorphous actin existed
in the cortical cytoplasm or associated around the nucleus. No F-actin was
observed in the metaphase cell. During telophase, F-actin was constructed into
the phragmoplast which developed curving toward the generative pole and
disappeared with phragmoplast disorganization. Following microspore divi-
sion, F-actin and actin bundles appeared on both transverse sides of the vege-
tative cell nucleus and developed into a complex network. This actin was
reformed into fine filaments and filled in the vegetative cell within the mature
pollen grain. The fine filaments were migrated into the pollen tubes and
reconstructed into one of several different forms, a thick bundle, fine filament
or intermediate form, depending upon tube growth. In some pollen tubes,
F-actin formed helical or circular bands in a mid- or tip region. No F-actin
was observed in both generative and sperm cells. In microspores and pollen
grains treated with cytochalasin B, which is an inhibitor of actin polyme-
rization, the growth of the pollen tube was completely inhibited, but the two
nuclear migrations, curving development of phragmoplast in the microspore
cell and generative cell elongation were not affected. To conclude, then, the
major function of F-actin developed in the pollen grain was to contribute to
tube growth.

The actin behaviors in the present study are compared with microtubules in
our previous paper and the distinctly different dynamics of the two will be
discussed.

Key words: Actin, Cytochalasin B, Cytoskeleton, Pollen ontogeny, Tradescan-
tia paludosa.

Introduction

Pollen, a male gametophyte of flowering plants, is a suitable material for studies on cell division,
differentiation and growth. During the pollen ontogeny of angiospermous plants, some peculiar
phenomena occur in succession : nuclear migration before microspore division, unequal division
of the microspore, chromatin and cell differentiations between two daughter cells, i. e., generative
and vegetative cells, generative and vegetative cell elongations (the latter called pollen germination)
and generative cell division”. The nuclear migration is the major prerequisite for the subsequent
unequal cell division, and unequal division is essential for chromatin and cell differentiations

between the two daughter cells®. The present authors previously investigated microtubule (MT)
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dynamics during pollen development by immunofluorescence methods and reported that the nuclear
migration was mediated by MT cytoskeleton. Many more MTs were distributed in the generative
than the vegetative cell, and MTs played an important role in generative cell elongation®. In the
pollen tube, some peculiarly formed spindles were organized in the generative cell divisions of
some species™.

Recently, actin cytoskeleton was reported as present in most plant cells, including pollen grain
cells and pollen tubes. Van Lammeren et al® reported that F-actin formed parallel arrays in the
peripheral cytoplasm of the microspores and pollen grains in Gasteria verrucosa. In dehydrated
mature pollen grains of some species, actin was observed in fusiform, spicular troidal or circular

(7-11)

form, which became filamentous during hydration F-actin was shown to exist in the pollen

12:14)

tube and participate in cytoplasmic streaming and tube growth' It was reported that an

actomyosin system related to cytoplasmic streaming, or the motility of vegetative nucleus, gene-

(11,1517)

rative cell and other cell organelles, was present in angiospermous pollen The co-localization

of MTs and F-actin was also reported in the pollen tubes of some species and many other plant

(10 - However, no definitive evidence

cells, suggesting a functional association between them
of their functional association was offered. Actin behavior during pollen grain development is
also little known, because the thick pollen wall poses a barrier to the fluorescence method. In the
present study, actin dynamics throughout the entire process of the pollen ontogeny of Tradescantia
paludosa, of which the pollen wall is comparatively thinner, was investigated using the rhodamine-
phalloidin method, and the results obtained compared with the MT dynamics previously reported

by the present authors in order to clarily their distributional and functional relationships.

Materials and Methods

Pollen grains of Tradescantia paludosa were used in the present study. Stalks with anthers
growing at some adequate stages were placed in 10 #g/ml cytochalasin B solution, which serves
as an inhibitor of actin polymerization, for 2 days. Mature pollen grains were cultured in the
medium described by Kwack and Kim™. Pollen grains and pollen tubes were fixed for 1 hr
with 4% formaldehyde in 50 mM potassium phosphate buffer solution with 5 mM EGTA, pH 6.9.
The fixed pollen tubes were air-dried on the cover glass for more than 1 hr. Materials were
rinsed in the buffer solution for 1 hr. The pollen grains were then exposed in the intine-digestive
enzyme solution (1% cellulase, 1% macerozyme and 0.1M sucrose) for 1 hr, and the pollen tubes
for 15 min. After being rinsed again in the buffer solution for 30 min, the pollen grains were
smeared on a 0.1% poly-L-lysin coated cover glass and air-dried for more than 1 hr. The pollen
grains and pollen tubes were treated with 0.5% Triton X-100 in phosphate buffered saline
(PBS, Sigma) for 1 hr and rinsed in PBS for 10 min. Actin was then stained with rhodamine-
phalloidin (Transformation Research Inc.) diluted 1: 10 with PBS, for 45 min at room temperature.
After being rinsed again in PBS for 30 min, nuclei in pollen grains and pollen tubes were stained
with 1 ug/ml 4’6’-diamidino-2 phenylindole (DAPI) in PBS for 5 min to examine their exact
mitotic figures. Fluorescence of the samples was observed with a Nikon Microphoto-FX microscope

and photographed on Kodak Tri-X pan film.
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Results

The microspores and pollen grains of T. paludosa were ellipsoidal or semicircular. The inter-
phase nucleus in the microspore cells migrated twice before microspore division ; first, from the
center to one side, and second, from the side to the center near the inner wall of the tetrad. A
vacuole developed before and after the first nuclear migration and occupied a large part of the cell.
Just after the second nuclear migration, the microspore divided along its short axis. The micro-
spore division, which was distinctly unequal, produced a small generative cell near the inner
wall and a large vegetative cell on the opposite side. During pollen grain maturation, the gene-
rative cell elongated extremely in the vegetative cell cytoplasm.

The appearances of actin in the interphase microspore are shown in Fig. 1. In the microspore
just after release from the tetrad, a few amorphous fluorescent images were observed in the
cortical region (Fig. 1A). After the first nuclear migration, actin showed a filamentous or bundle
configuration in the peripheral cytoplasm around .the vacuole (Fig. 1B). The bundles of F-actin
slightly increased before the second nuclear migration and associated with nucleus, facing the
vacuole (Fig. 1C). After the second nuclear migration, the actin bundles began to disorganize
into fine filamentous or amorphous actin, but its distribution pattern did not change notably
(Fig. 1D). “Amorphous” actin was included in no distinct filamentous configuration under the
fluorescence microscope. Actin tended to localize toward one side of the nucleus during the
prophase of microspore division (Fig. 1E). In the metaphase cell, F-actin was completely disor-
ganized into an amorphous actin and diffused throughout the cytoplasm (Fig. 1F). No F-actin
was observed in the metaphase spindle. At late anaphase, organized actin began to reappear
and accumulated in the cytoplasm between the two daughter chromosomes (Fig. 1G). F-actin
was constructed into the phragmoplast and around the vegetative nucleus at telophase (Fig. 2A).
The phragmoplast developed curving toward the generative nucleus (Fig. 2B). After microspore
division, actin disappeared from the phragmoplast, and coincidentally, F-actin began to be orga-
nized on both transverse sides of the nucleus in the vegetative cell (Fig. 2C). F-actin formed
thick bundles. The number of these bundles increased abundantly, orientating in random directions,
and developed into a complex network (Fig. 2D-F, 3A). No actin was observed, however, in
generative cells. During pollen grain maturation, the actin bundles in the vegetative cell were
successively changed into fine filaments (Fig. 3B). At the matured stage, very fine F-actin filled
in the vegetative cell cytoplasm (Fig. 3C). The extremely elongated generative cell contained
almost no actin.

The mature pollen grains were incubated in the culture medium at 25°C. Almost all pollen
grains germinated within 15 min. Abundant fine F-actin was migrated from the pollen grain
into the germinated pollen tube. This actin began to be reorganized into some different confi-
gurations in accordance with pollen tube growth. In many pollen tubes placed in the culture for
45 min, some F-actin bundles appeared among fine F-actin. In 1.5 hr culture, the F-actin bundles
increased in number within a pollen tube (Fig. 4A), and after more than 2 hr, they were more
developed, whereas fine F-actin decreased (Fig. 4B). In the apical regions of elongating pollen
tubes, almost no, or only a small amount of, amorphous actin was present. In the sub-apical
regions, from the tip to the proximal direction, only amorphous, small globular-shaped and
fragmentary actin was observed (Fig. 4C). Almost all the F-actin and bundles arrayed along the
long axis of the pollen tube. In a few pollen tubes the thick bundle showed a partially helical
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arrangement (Fig. 4D), and near the growing tip region, circular bands of cortical F-actin were
formed across the pollen tube long axis (Fig. 4E). In many cases, the tip regions bearing those
bands swelled abnormally. The circular bands seemed to be first organized at the apical part
and maintained in the mid-region following the continuous. elongation of the pollen “tube. No
actin was detected in either generative or sperm cells in the pollen tubes.

The developing micraspores were treated with 10° #g/ml cytochalasin B solution for 2 days.
This was done in order to examine the relationship between actin dynamies and the two nuclear
migrations in the interphase microspore cell and subsequent aspects. In many treated pollen
grains, F-actin was disorganized into an amorphous form. The nucleus, however, normally dis-
placed twice, and proceeded to the mitosis in the native site mear the inner wall (Fig. 5A-C).
The phragmoplast developed curving toward the generative pole, although actin fluorescence in the
phragmoplast became indistinct (Fig. 5D). The unequal cell division and the subsequent genera-
tive cell elongation were performed by means of normal manners (Fig. 5E, F). In the mature
pollen grains cultured for more than 1 hr in the medium with 10 zg/ml cytochalasin B, F-actin

became fragmentary, and the pollen did not germinate at all.

Discussion

In the present study, actin dynamics throughout the pollen ontogeny of T. paludosa was studied
and compared with the MT dynamics previously reported by the present authors™. In the present
species, the two migrations of the nucleus occurred regularly in the interphase microspore cell.
The second migration was major prerequisite for the unequal division of the microspore and the
generative cell elongation. Some F-actin appeared in the cell periphery or around the nucleus
before and after the two nuclear migrations. However, no significant change in its distribution
corresponding to the nuclear migrations occurred, nor migrations were inhibited by cytochalasin B.

From these results, it was concluded that actin did not associate with the two nuclear migrations

Fig. 1. Actin distribution during the microspore division of 7. paludosa. A-D, interphase micro-
spores. A, just after release from the tetrad. B and C, following. the first nuclear
migration. A small amount of amorphous actin and F-actin existed in the peripheral
cytoplasm around the vacuole or associating to the nucleus. D1, following the second
nuclear migration. Some amorphous and fine F-actin localized on one side of the nucleus.
D2, DAPI fluorescence figure of the cell shown in D1. E, prophase in the microspore
division. F, metaphase. G, anaphase. Amorphous aclin and F-actin just beginning to
accumulate in the cytoplasm between the two daughter chromosomes. n, microspore

nucleus. Bar, 10 um.

Fig. 2. Actin distribution during the microspore division. Al, early telophase ; B, mid-telophase.
Actin was constructed in the phragmoplast which developed curving toward the gene-
rative nucleus. Cl, late telophase. Distinct F-actin began to be organized on both sides
of the vegetative nucleus. D-F, bi-cellular stage. F-actin and actin bundles increased and
formed a complex network. A2 and C2, DAPI fluorescence of the same cells shown in

Al and Cl1, respectively. v, vegetlative cell nucleus; g, generative cell nucleus. Bar, 10 um.
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Fig. 3. Actin distribution during pollen grain maturation. Al-A3, the same pollen grain. Al
was the figure focused on the cell surface and A2 the figure focused on the nuclei. A3 was the
DAPI stained figure. B, premature and Cl, mature pollen grains. F-actin and actin bundles took

on a very fine filamentous form. C2, DAPI fluorescence figure of the cell shown in Cl. Bar, 10 zm.
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Fig. 4. Actin arrangements in the pollen tubes. A, F-actin and F-actin bundles in the pollen tube
cultured for 1.5 hr. B, thick bundles of F-actin (2 hr). C, amorphous, small globular and frag-
mentary actin in the sub-apical region, and almost no any actin in the apical region (ap) (1.5
hr). D, helix of actin bundles and E, circular bands of cortical F-actin in the tip region (2 hr).
Bar, 10 um.
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Fig. 5. Pollen grains treated with cytochalasin B. A, B, microspores before (A) and after (B)
the first nuclear migration. C, microspores after the second nuclear migration and young pollen
grains. The two nuclear migrations were not inhibited. D, mid-telophase of the microspore di-
vision. E, bi-cellular stage. The curving development of the phragmoplast and the unequal division
took place normally, although F-actin had disorganized into amorphous form. Compare with
Fig. 2B and Fig. 3A, respectively. F, mature pollen grains stained by aceto-carmine. Generative
cells elongated normally. Bar, 10 um.
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in the microspore cell. The authors had previously reported that the second nuclear migration
was mediated by MTs, which were organized and shifted in a manner corresponding to the
second nuclear migration. Neither actin nor MTs were associated with the first nuclear migration.
It was presumed that the first nuclear migration was brought about by the cell vacuolization.

In moth orchid microspores, Brown and Lemmon®

reported that a microtubule system organized
at the distal spore surface extended to the nucleus and defined the path of its migration toward
the distal surface while F-actin forming a reticulated pattern remained unchanged during prepro-
phase nuclear migration. Their results also indicated that the nuclear migration was mediated
by MTs but not by actin. Furthermore, no distinct F-actin was included in any mitotic apparatus
other than the phragmoplast which grew curving toward the generative nucleus. It has been
reported that F-actin bridged the margin of the phragmoplast to the opposite cortex®™*”. In the
microspore cell of 7. paludosa, however, no actin was found to connect the phragmoplast to the
cortex, and cytochalasin treatment did not interrupt the phragmoplast’s curving development. In
mature pollen grains, abundant F-actin accumulated in the vegetative cell, while almost none
accumulated in the generative cell. Only a few MTs were present in the vegetative, but many were
noted in the generative cell. MTs played an important role in generative cell elongation and the
subsequent division in the pollen tube. F-actin in the vegetative cell was provided in the germi-
nating pollen tube. In an elongated pollen tube, actin and MTs were present and showed similar
arrangements. Their co-localization has been reported in some other species, as well, suggesting

(12,14,18,20)

some co-functions Cytoplasmic streaming in the pollen tube and tube growth alike were

inhibited by cytochalasin B"*® and some colchicine effects on pollen tube growth and shape

“ and unpublished data, colchicine

have been reported ™. But, according to our previous studies
in a temperate concentration, about 5 x 107" M, enough to inhibit MT organization and generative
cell division in the pollen tube, did not affect tube growth, although colchicine in too high con-
centration of more than 2.5 x 10 M reduced the extent of tube growth. MTs were presumed not
to contribute directly to pollen tube growth. A role of MTs in a pollen tube remains unclear.
Generative cell division was inhibited by colchicine but not by cytochalasin B. In conclusion,
the major function of F-actin developed in the pollen grain was to contribute to pollen tube growth.
The distribution and the role of actin cytoskeleton were distinctly different from those of MT
cytoskeleton in many phases of pollen ontogeny.

The actin configurations observed in the present species were different in some aspects from
studies of other species previously reported. In both microspore and vegetative cell in the pollen
grain of T. paludosa, F-actin or actin bundles arrayed at random, although parallel arrangement
was reported in Gasteria verrucosa®. In the dehydrated mature pollen grains of the present species,
actin took a fine filamentous form, but in other species, fusiform or other peculiar forms have

been reported™".

The actin arrangement in the pollen tube of the present species generally resem-
bled those of many other species previously reported. F-actin and actin bundles were arranged
in parallel along the pollen tube for the most part, but in the tip region actin was amorphous
or absent. Helical and circular arrangements of actin were also found in the pollen tubes of
the present species at right angles to its long axis. A circular arrangement of cortical F-actin
was reported around the subapical part of protonemal cells in the ferns Adiantum capillus-veneris

(&IY)

and Pteris vittata®™ and the same arrangements of MTs and cellulose microfibrils (MFs) were

also observed in Adiantum®*®.

Murata and Wada®™ suggested the importance of MTs and MFs
in the subapical region for the control of cell diameter. In the budgrowing subprotoplasts of

Nicotiana pollen tubes, the base of the bud was often marked by a ring of cortical F-actin, and
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most of the length of the outgrowth was occupied by circumferential F-actin which was oriented

perpendicularly to the axis of elongation

@ In the pollen tube, the circular arrangement of F-actin

may be correlated to the abnormal swelling of the tip region in a culture condition. Definitive

information on the role of circular F-actin remains unavailable.
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