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Cytokinesis in pollen mother cells
I. Tradescantia virginiana

B. GABARA

It is known that Tradescantia represents a succesive type of cytokinesis (Beatty
and Beatty 1953; Waterkeyn 1962; Sakai and Shigenaga 1964). The cell
plate is formed after the first and second division.

Only Waterkeyn (1962) has investigated the structure of the cell plate in the
pollen mother cells (PMC) of Tradescantia. He described its structure as a granular
composition.

There are no data as yet concerning the chemical nature of the cell plate struc-
tures in PMC of Tradescantia.

In the present investigations an attempt has been made to compare the cytokine-
sis in PMC of Tradescantia with the cytokinesis in somatic cells in higher plants.

MATERIAL AND METHODS

The PMC of Tradescantia virginiana in the first meiotic division were used as
material.

The investigations were made on fresh and fixed anthers. Baker’s and Carnoy’s
fixatives were used. The contents of the anthers were pressed out into suitable dyes
and substrates. Paraffin sections were prepared (10 p thick). Some of the paraffin
sections were stained with iron haematoxylin after Heidenhein. Lipids were detected
by staining with Sudan 111 and TV, Sudan black B — in 70 per cent ethanol and Oil
Red O dissolved in isopropanol with a simultaneous control after the extraction
by pyridin. The mercuric bromophenol Blue method for proteins was applied
(Mazia et al. 1953). Resorcinol Blue solution (Eschrich and Currier 1964) was
used for the localization of callose. Pectins were detected using an aqueous alkaline
Ruthenium Red solution.

Hydrolases were investigated in material fixed with Baker’s (Fo-Ca) with the
addition of 7.5 per cent of sucrose at 4°C for 18 h, or in fresh material. For non-spe-
cific esterase the z-naphtyl acetate method with diazonium Fast Blue RR was
used. The control was incubated in a substrate solution with the addition of 0.01 M
NaF (Pearse, 1961). Acid phosphatase was detected by the azo-dye coupling meth-
od, of diazonium Fast Blue RR salt. The control was the same as in the case of non-



360 B. Gabara

-specific esterase (Pearse 1961). The Golgi structures were visualized by the thiamine
pyrophosphatase (TPPase) method after Novikoff and Goldfischer (1961).
Neutral Red solution for staining in vivo and the Da Fano method (Romeis, 1948)
for silvering the Golgi structures were also applied.

The succinic dehydrogenase reaction with Nitro BT at pH 7.4 was used on fresh
material.

Zeiss (Jena) polarization equipment was used.

RESULTS

Granular structures of about 0.2—0.3 u in diameter in the equatorial plane
of the phragmoplast of Tradescantia virginiana are visible after staining with iron-
-haematoxylin (fig. 1). Staining with Sudan III and IV, Sudan black B and Oil
Red O shows small lipid structures situated between these granules. A positive
reaction for lipids is also shown by larger granules of the cell plate, not visible after
haematoxylin, and by still larger droplets of about 0.5-0.9 g in diameter loca-
ted within the cell plate (fig. 2). At a somewhat later stage of the telophase in place
of lipid granules — a rift which is formed centrifugally is observed: yet relatively
large lipid droplets of about 1.5 p in diameter may be seen inside the rift (fig. 3).

After pyridin extraction no positive reaction with Sudans and Oil Red O in the
plane of the cell plate is observed. Mercuric bromophenol Blue reaction shows the

Plate 1

Telophase in pollen mother cells of Tradescantia virginiana.

Fig. I. — fix. Carnoy, stained with Heidenhain’s haematoxylin. Note dark granular structure of the
cell plate.
Fig. 2. —fix. Fo-Ca Baker, Sudan III and 1V staining. Large lipid granules in the cell plate are
visible.

Fig. 3. —fix. Fo-Ca Baker, Sudan III and IV staining. Later stage than fig. 2. Note the rift in
place of the cell plate granules and the large single lipid globule.
Fig. 4. fix. Carnoy, mercuric bromophenol Blue method. Positive results in the granules of the
cell plate.
Fig. 5. fix. Fo-Ca with addition of 7.5 per cent sucrose. Acid phosphatase, coupling method,
Fast Blue RR. Strong activity in granules of the cell plate and cytoplasm.
Fig. 6. — fix. Fo-Ca with addition of 7.5 per cent sucrose. Thiamine pyrophosphatase in the gra-
nular structures of the cell plate.

Fig. 7. — Da Fano method. Note Golgi structures in the equatorial region of phragmoplast.
Fig. 8. — mat. unfixed. Succinic dehydrogenase using Nitro BT. Unequal distribution of mito-
chondria in the equatorial region. Early telophase.

Fig. 9. — mat. unfixed. Later stage than fig. 8. Note mitochondria at both sides of the cell plate.

Fig. 10. — mat. unfixed. Neutral Red staining. Note dark structures in the cell plate.

Fig. 1. — mat. unfixed. Stained with Resorcinol Blue. Callose granules are visible in the cell plate.
Fig. 12. — mat. unfixed. Later stage than fig. 11. Note continuous layer of callose at the equatorial
region.

Magn. 1000 x
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presence of proteins in the small granular structures of the cell plate (fig. 4). These
structures are dark when stained with haematoxylin. An intensive reaction for pro-
teins is also visible in the small granules of the cytoplasm.

The reaction for acid phosphatase reveals its activity in protein granules of the
cell plate and in the cytoplasm (fig. 5). A similar localization of the non-specific
esterase in the granules can also be seen.

In the division plane of PMC of Tradescantia — the Novikoff and Goldfischer’s
reaction reveals the presence of TPPase (regarded as a marker of Golgi structures)
in granular structures of about 0.5—0.8 w in diameter (fig. 6). They are somewhat
larger than the protein granules containing acid phosphatase and non-specific
csterase. These structures are less numerous in the cell plate than the larger
granules which are carriers of hydrolases.

The Da Fano method gives silvering effects in the cell plate of Tradescantia —
it shows a series of granules of about 0.5—0.8 p. in diameter (fig. 7). The Neutral
Red in vivo accumulated only a few granules grouped in the cell plate (fig. 10).

In the early telophase, succinic-dehydrogenase was found in numerous mito-
chondria lying between two daughter nuclei (fig. 8). At the time of formation of the
cell plate, the mitochondria stained with formazan are grouped on both sides of
it (fig. 9).

It is possible to demonstrate by the Resorcinol Blue staining method that in the
division plane of PMC — at a later telophase — blue stained granules appear (fig. 11).
They are the beginning of the formation of a continuous callose layer. During the
progression of cell division, these granules appear abundantly in the equatorial
plane of the phragmoplast and flow together into a continuous callose layer (fig. 12),
which is the very beginning of the wall separating the daughter cells. A staining with
alkaline Ruthenium Red solution gives negative resalts in the division plane. Ruthe-
nium Red only stained the wall of the pollen cells — thus confirming the presen-
ce of pectins.

Observations of cytokinesis in PMC of Tradescantia in polarized light show
that only the transversal wall is not birefringent during cytokinesis.

DISCUSSION

As described above, the cell plate appearing during microsporogenesis of Tra-
descantia virginiana is of a granular character. This complies with Waterkeyns
opinion (1962). Investigations of meiosis of Orchidaceae with an electron micro-
scope have shown that the cell plate is formed from vesicles and vacuoles (Char-
dard 1962). In Chardard’s opinion, the vacuoles arise by the increase of the
volume of vesicles. These vacuoles flow together into a continuous layer thus forming
the cell plate.

A quite different opinion is represented by Saté (1959) who described the cell
plate in PMC of Lilium as a double layer which appears at the beginning of cytoki-
nesis.
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An opinion opposite to that of Satd’s is presented by Sakai and Shigenaga
(1964) in their work on the behaviour of mitochondria in the microsporogenesis
of Tradescantia reflexa, who only confirmed that mitochondria “are distributed
between the daughter cells by the cell plate formed among the mitochondria”. In
their opinion — mitochondria, lipid granules, short profiles of the endoplasmic
reticulum and dictyosomes seem to intrude into the spindle. At the beginning of
formation of the cell plate, small vesicles occur not clearly defined by the authors.
In fig. 10 of the work these authors show the cell plate with lipid granules; their
distribution and dimensions correspond to those of lipid granules described
in the present observations.

The cell plate granules in PMC of Tradescantia virginiana show the presence of
proteins, and some of them not visible after haematoxylin, show the presence of
lipids. The protein granules of the cell plate give the reaction for acid phosphatase
and non-specific esterase. The chemical character of the cell plate granules suggests
a certain similarity with the cell plate granules in somatic cells of Allium cepa
(Olszewska and Gabara 1964; 1966), in the young petals of Tradescantia and
in the endosperm of some monocotyledons (Olszewska and Gabara 1964). These
authors are of the opinion that the hydrolytic enzymes appearing periodically in
the cell plate granules cause a local lysis of the cytoplasm, and, in consequence, the
two protoplasts are separated.

The lipid granules in PMC of Tradescantia — just as in the onion’s meristem
(Olszewska 1960) — might appear as a result of dissolving of the lipoprotein com-
plex of the cytoplasm. Granules containing hydrolytic enzymes in PMC of Tradescan-
tia also appear abundantly outside the cell plate — in the cytoplasm.

The hydrolase carriers in the onion-scale epidermal cells of Allium cepa are
spherosomes (Watek-Czernecka 1962; 1963; 1965). The same conclusion is sup-
ported by Gorska-Brylass (1965a) with regard to pollen cells and pollen tubes.
Matile et al. (1965) have shown biochemically the localization of hydrolases in
the spherosomes of tobacco and maize seedlings.

Contrary to the spherosomes described by Watek-Czernecka and Gorska-
-Brylass, granules with acid phosphatase and non-specific esterase in the cell plate
in PMC of Tradescantia virginiana do not exhibit lipids.

The presence of thiamine pyrophosphatase has been shown in the cell plate of
PMC of Tradescantia — in granules as large as spherosome granules or in still
larger ones. This enzyme is recognized as a marker of the Golgi apparatus (N o-
vikoff and Goldfischer 1961; Olszewska et al. 1965).

The positive results of Da Fano silvering (Steplewski and Olkowski 1962)
and selective staining with Neutral Red have proved the presence of Golgi structures
in the cell plate. These properties are attributed to Golgi structures (Gabara 1965;
Olszewska et al. 1965; Palczewska 1966; Gabara, in press).

Numerous investigations with an electron microscope show the part played by
Golgi structures in the constitution of the cell wall (Mollenhauer et al. 1961 ;
Whaley et al., 1963; Sievers, 1963; Frey-Wyssling et al. 1964; Bisalputra
1966).
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It is also known from cytochemical investigations in a light microscope that
Golgi structures appear abundantly in the cell plate in later stages of cytokinesis
(Olszewska et al. 1966) and in the zone of the newly-forming transversal wall
in the case of Spirogyra and Cladophora and in the top cells of Cladophora (Gabara
1965).

Callose appears already in an early stage of cytokinesis — at first in the shape
of granules. Callose granules separate the protoplasts of daughter cells. Weterkeyn
(1962) suggests that callose appears during the flow-together time of the granular
plate into a continuous layer. However, according to Chardard (1962) — the cell
plate has a pectin vacuole character; when the latter flow together, they form a con-
tinuous layer of the true cell plate. He distinguishes within the flow-together time
a pectin layer which represents the origin of the middle lamella. Yet, Chardard
(1962) does not quote any specific method for proving the presence of pectin.

The callose formation mechanism in plant cells still remains obscure. Undoubte-
dly — by the hypothesis that spherosomes take part in the production of callose
(Gérska-Brylass, 1965 b). some light is thrown on this problem.

Callose — like other polysaccharides in plant and animal cells (Schnepf 1963;
Peterson and Leblond 1964; Dashek and Rosen 1966) — can be secreted
by Golgi structures. The convergence between the appearance of Golgi structures
and the callose in the division plane of PMC authorized such a conclusion.

SUMMARY

It has been shown that the cell plate in microsporogenesis of Tradescantia virginianais of a granu-
lar character. These granules are characterized by the presence of proteins and by the activity
of acid phosphatase and non-specific esterase. Alongside the granules, lipid globules are visible in
the cell plate.

Within the time of formation of the cell plate the appearance of Golgi structures (the pre-
sence of TPPase, positive results of Da Fano method and selective staining by Neutral Red) is
observed.

Callose appears in an early stage of cytokinesis as granules. As cell division progresses these
granules flow together into a continuous callose layer.
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Cytokineza w komdrkach macierzystych pylku
I. Tradescantia virginiana

STRESZCZENIE

Wykazano, ze przegroda pierwotna w mikrosporogenezie u Tradescantia virginiana ma cha-
rakter ziarnisty. Ziarnistosci te charakteryzuja si¢ obecnoscia bialtek i aktywnoscia kwasnej fo-
sfatazy i esterazy niespecyficznej. Obok tych ziarnistosci w przegrodzie pierwotnej obecne sa kule
lipidowe.

W okresie tworzenia przegrody pierwotnej pojawiaja si¢ struktury Golgiego (Obecnos¢ TPPazy,
pozytywny wynik metody Da Fano i selektywne barwienie czerwienia obojetna).

Kaloza widoczna jest we wczesnym stadium cytokinezy w postaci ziarnisto$ci, ktére w miarg
trwania procesu podzialu zlewaja si¢ tworzac ciagla listwe kalozowa.
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