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The Programmed Cell Death of Prothallial Cells in Gymnosperm Pollen Grains
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Prothallial cells (PCs), which are rudimentary cells homologous to prothallium body
cells in pteridophytes, are present in pollen grains of some gymnosperms. They are
relatively small daughter cells produced by asymmetric pollen mitosis. In some species,
they die during pollen development.

In this study, Cycas, Ginkgo, Pinus and Ephedra pollen grains, containing 1, 2, 2 and
2 PCs, respectively, were used to investigate survival/death of PCs, and their mechanism
of cell death. The first PC produced (PC1) in Ginkgo and both PCs (PC1 and the second
PC produced, PC2) in Pinus and Ephedra died during pollen grain development. In the
PCs that died, chromatin was extremely condensed and fragmented, and adhered to the
nuclear envelope. The cytoplasm shrank, ultimately becoming a thin crescent-shaped
electron-dense body. The nuclei of these PCs were strongly stained by TUNEL
(TdT-mediated dUTP-fluorescein nick end labeling), demonstrating the accumulation of
nuclear DNA 3'-OH fragments. In Ephedra, TUNEL-positive nuclear constituents were
released from PCI to the exterior of the pollen grain, and were released from PC2 into the
interior of the pollen grain. Agarose gel electrophoretic analysis of DNA isolated from
Pinus pollen grains showed a ladder structure, suggesting that nuclear DNA had been
cleaved into nucleosomal fragments about 180-bp long. PC2 of Ginkgo and the single PC
of Cycas survived throughout pollen development, and were TUNEL-negative.

These results suggest that the patterns of survival/death of PCs are species-specific,
and that the death of PCs is a form of programmed cell death that has some features in
common with apoptosis.

Key Words : cell death, DNA ladder, gymnosperm, pollen, prothallial cell
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Fig. 1. The pollen grain development of G. biloba.

A-D : The developmental steps from the microspore (A) to the mature
pollen grain (D), shown by aceto-carmine staining. E-G : Electron
microscopic photographs of the pollen grains with PCl1, just after
microspore division (E), and with shrinking PCls (F, G). H : Mature
pollen grain composed of 4 cells. PCl1 has shrunk into a thin
crescent-shaped electron-dense body, indicating cell death, but PC2 is
still alive. m, microspore ; PC1, 1st prothallial cell ; e, embryonal cell
; PC2, 2nd prothallial cell ; a, antheridial initial ; g, generative cell ; t,
tube cell. A-D, X1080 ; E, x7880 ; F, X16200 ; G, X 8100 ; H, x4860.
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Fig. 2. TUNEL staining of G. biloba pollen grains at bi-cellular
(A, B) and mature stages (C-E). The nucleus of PCl was
strongly stained, whereas PC2 and other cell nuclei were not
stained. E : The polar view of PCl nucleus, showing that the
bodies of condensed chromatin adhered to the nuclear envelope.
X 1500.
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Fig. 3. P. densiflora pollen grains stained by aceto-carmine (A)
and TUNEL (B-F).

A : Mature pollen grain with PC1, PC2, generative cell and tube
cell. PC1 and PC2 have degenerated into vestiges. B, C :
Bi-cellular pollen grain with thin crescent-shaped nucleus of
PC1, which was strongly stained by TUNEL (B), and polar view
of the pollen grain (C). D, E : Tri-cellular pollen grain. The PC2
nucleus just after embryonal cell division that showed a long
ellipsoidal shape was not strongly stained (D). Soon after, PC2
was extended into a crescent shape and was strongly stained (E).
F : The mature pollen grain. The generative cell and tube cell
were not stained by TUNEL. X 860.
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Fig. 4. Agarose gel electrophoresis of DNA
isolated from the pollen grains of P. densiflora
(P), and marker DNA (M). Lane P shows
nucleosomal fragments about 180-bp long,
forming an oligonucleosomal ladder.
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Fig. 5. E. distachya pollen grains stained by aceto-carmine (A)
and TUNEL (B-F). A : Mature pollen grain. s, stalk cell ; c,
central cell. B, C : Bi-cellular pollen grain with TUNEL-positive
PCL. D-F : Tri-cellular (D), four-celled (E) and mature pollen
grains (F) with TUNEL-positive PCl and/or PC2. The
TUNEL-positive nuclear constituents were released from PC1 to
the exterior of the pollen grain (B, C) and from PC2 into the
interior of the pollen grain (E). The stalk cell nucleus was

slightly stained (F). X1700.
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