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Cell Type Cell-Cycle Times
Early frog embryo cells 30 minutes

Yeast cells 1.5-3 hours
Intestinal epithelial cells ~12 hours
Mammalian fibroblasts in culture ~ ~20 hours
Human liver cells ~1 year
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Cytoplasmic Control of Nuclear Behavior during Meiotic
Maturation of Frog Oocytes

YOSHIO MASUI? anp CLEMENT L. MARKERT
Department of Biology, Yale University, New Haven, Connecticut 06520

ABSTRACT Fully grown oocytes of the frog (Rana pipiens) undergo cyto-
plasmic and nuclear maturation when treated with progesterone after the
follicular envelopes have been removed. The mechanism of this maturation
was investigated by injection of cytoplasm from progesterone-treated oocytes at
various stages of maturation into fully grown but immature oocytes. The in-
jected cytoplasm becomes effective in inducing maturation by 12 hours after
progesterone administration, reaches a maximum effectiveness around 20 hours,
and then declines after the donor oocytes complete maturation. However, even
cytoplasm from early embryos retains some capacity to induce oocyte matura-
tion. The frequency with which maturation is induced is proportional to the
volume of the injected cytoplasm. Progesterone itself is not directly responsible
for the maturation-producing effect of injected cytoplasm since injected pro-
gesterone does not promote maturation. However, externally applied proges-
terone does induce the completion of the first meiotic division, presumably by
releasing a cytoplasmic “maturation promoting factor.” The production of this
cytoplasmic factor was not affected by removal of the nucleus.

After completion of the first meiotic division, oocytes cease further develop-
ment at the metaphase of the second meiotic division, where they remain until
fertilized or activated to develop. Cytoplasm from such secondary oocytes when
injected into one of the blastomeres at the two-cell stage of development sup-
presses mitosis as well as cleavage. Mitosis is usually arrested at metaphase.
No such inhibition was brought about by injection of cytoplasm from cleaving
blastomeres. Thus, the arrest of mitosis and cleavage can be attributed to a
specific “cytostatic factor” in the cytoplasm of the secondary oocyte. Activation
of donor secondary oocytes by insemination or pricking with a glass needle
soon destroys the cytostatic factor. Likewise, addition of cortical cytoplasm to
endoplasm from the secondary oocyte rapidly destroys the cytostatic capacity.
This result implies that cortical material is involved in the process of removing
the cytostatic factor at the time of normal activation or fertilization. Enuclea-
tion of oocytes demonstrated that production and removal of the cytostatic
factor is independent of the nucleus.

http://www.brh.co.jp/s_library/
j_site/scientistweb/no25/img/
face.jpg

o

Cytoplasmic control of nuclear activi-
ties during the mitotic cell cycle has been
investigated by nuclear (ransplantation
in amphibian eggs (Graham, '66; Graham
et al, .’66; Gurdon and Woodland, ’68)
and in protozoans (DeTerra, ’60, ’67;
Goldstein and Prescott, '67) and by cell
fusion in avian and mammalian cells
(Harris, '67). The activity of a nucleus
transferred into a cell at different stages
of mitotic activity tends to conform to the
state of the host cell. This nuclear behav-
ior suggests a predominant role for the
cytoplasm in regulating the mitotic ac-
tivity of the nucleus.

J. Exe. ZooLr., 177: 129-146.

A few observations also indicate that
the cytoplasm may control the meiotic
as well as the mitotic behavior of the
nucleus. For example, the nuclei of sper-
matocytes and spermatids are synchro-
nized in development, perhaps by means
of the syncytial cytoplasmic bridges that
link these cells (Fawcett, '61). Another
example is provided by the behavior of
sperm nuclei introduced into immature
oocytes of sea urchins (Brachet, '22) and
amphibians by precocious insemination

! This research was supported by NSF grant GB-
5440X.

2 Present Address: Department of Zoology, University
of Toronto, Toronto 5, Ontario, Canada.
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J. Exp. ZoovL., 177: 129-146. 1971

Cytoplasmic Control of Nuclear Behavior during Meiotic
Maturation of Frog Oocytes

YOSHIO MASUI? ano CLEMENT L. MARKERT
Department of Biology, Yale University, New Haven, Connecticut 06520

Proc. Natl. Acad. Sci. USA
Vol. 85, pp. 3009-3013, May 1988
Cell Biology

Purification of maturation-promoting factor, an intracellular
regulator of early mitotic events
(cell cycle/mitosis /protein phosphorylation)

MANFRED J. LOHKA*, MARIANNE K. HAYEST, AND JAMES L. MALLER
Department of Pharmacology, University of Colorado School of Medicine, Denver, CO 80262

Communicated by Raymond L. Erikson, December 22, 1987 (received for review October 10, 1987)
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Figure 1. A Simple Experiment
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