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Oocyte Maturation in Xenopus laevis Is
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ABSTRACT  Oocyte maturation is dependent
on a complex program of morphological, ultrastructur-
al, and biochemical signaling events, and if disrupted
could lead to decreased fertility and population decline.
The in vitro sensitivity of amphibian oocytes and oocyte
maturation to plant growth factor and widely used
hormonal herbicide, 2,4-dichlorophenoxyacetic acid
(2,4-D), was examined in this study to determine its
potential impact on early development and possible
contribution to the global amphibian decline. Proges-
terone, which acts through a membrane receptor,
triggers meiotic maturation in full grown (stage VI)
Xenopus oocytes, characterized by cytoskeletal reor-
ganization, nuclear dissolution, chromosome conden-
sation, and spindle formation. Biochemically, the Mos/
MAPK/MPF signaling pathway is activated, in part
dependent on translational activation of specific
maternal mRMAs such as c-Mos. Light microscopy
revealed unusual asymmetric morphotypes in oocytes
exposed to 2,4-D alone characterized by a white spot
and bulge, termed coning, in the animal pole where the
germinal vesicle (nucleus) persisted intact. Treatment
of oocytes with cytochalasin B, a microfilament
inhibitor, blocked these morphotypes but nocodazole,
a microtubule depolymerizing agent, did not. Confocal
microscopy showed that 2,4-D, itself, caused sub-
stantial depolymerization of perinuclear microtubules.
Importantly, 2,4-D blocked progesterone-induced ma-
turation as measured by the lack of nuclear breakdown,
confirmed by the lack of Mos expression, MPF
activation, and cytoplasmic polyadenylation of cyclin
Bl mRMA. However, Western blot analysis and
U0126 inhibitor studies showed that 2,4-D, either
alone or in the presence of progesterone, induced
MAPK phosphorylation through MAPKK. These results
show that 2, 4-D disrupts oocyte cytoskeletal organiza-
tion and blocks maturation while stimulating an in-
dependent MAPK signaling pathway. Mol Reprod.
Dev. 67: 233-242, 2004. @ 2004 Wiley-Liss, Inc,
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INTRODUCTION

The differentiation of germ cells is fundamental to the
reproductive health and continuity of all animals.
Importantly, the egg provides many of the localized
maternal proteins and mRNA necessary for embryonie
cleavage divisions, axes formation, body plan and
differentiation that follow fertilization. In the amphi-
bian, Xenopus loevis, egg formation occurs through
meiotic maturation of the full grown (stage VI) ooeyte, A
series of well-characterized ultrastructural and hio-
chemical events are stimulated by progesterone that
advance the cell cycle from prophase [ to metaphase 11,
where the mature cocyte (egg) arrests until fertilization.
Chromosomes condense, the meiotic spindle forms, and
the germinal vesicle (nucleus) breaks down (GVBD),
which produces a visible white spot in the pigmented
animal pole often used as a visual marker for maturation
{Hausen and Riebesell, 1991; Ferrell, 1999),

Progesterone induces changes in the cocyte through a
membrane receptor-mediated signal transduction path-
way (Masui and Markert, 1971; Smith and Ecker, 1971),
though, recently, a classical predominantly cytosolic
progesterone receptor from Xenopus oocytes has been
cloned (Bayaa et al.,, 2000; Tian et al., 2000). Several
of the key signaling events include synthesis of the
serine/threonine kinase, Mos, which activates MAPK
(ERK2) through MAPKK (MEK) (Resing et al., 19935,
MAPK indirectly stimulates M-phase promoting factor,
MPF, the p34ecdcl/cyclin B heterodimer (Kosako et al.,
1994), resulting in GVBD, Maturation requires protein
gynthesis. Key cell cycle regulators, such as Mos and
cyclin B, are synthesized from stored maternal mRENAs,
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