Proc. Arthropod. Embryol. Soc. Jpn. 44, 35 (2009)
© 2009 Arthropodan Embryological Society of Japan
ISSN 1341-1527

35

Cytological Analysis of the CSF Function in Athalia rosae

ruficornis (Hymenoptera)®

Daisuke S. YAMAMOTO, Jae Min LEE and Masatsugu HATAKEYAMA

Invertebrate Gene Function Research Unit, Division of Insect Sciences, National Institute of Agrobiological Sciences, Owashi,

Tukuba, Ibaraki 305-8634, Japan
E-mail: sawfly@nias.affrc.go.jp (MH)

In animal eggs, the meiotic cell cycle is normally
arrested before fertilization and resumes upon egg
activation, usually fertilization. In vertebrate eggs, the
meiotic cell cycle arrest occurs at metaphase of meiosis
IT (MID). It has been clearly demonstrated that the Mos-
MEK-MAPK pathway plays an essential role as a
cytostatic factor (CSF) in MII arrest (Tunquist and
Maller, 2003; Liu et al., 2007). In eggs of many
invertebrates including insects, however, the meiotic
cell cycle is arrested at metaphase of meiosis I (MI). The
molecular mechanisms of MI arrest remain unclear for
the most part, because it is technically difficult in these
organisms except for some marine invertebrates to
artificially induce egg activation (or fertilization) iz vitro.

We have been analyzing the mechanisms of MI
arrest using the hymenopteran insect Athalia rosae
ruficornis, in which egg activation can be induced
artificially. We have shown through biochemical analyses
that the Mos-MEK-MAPK pathway participates in MI
arrest (Yamamoto et al., 2005, 2006). MEK and MAPK
are inactive in immature oocytes, while they become
active in mature, Ml-arrested eggs. The activities of
MEK and MAPK decrease upon egg activation, and are
completely lost within 60 minutes. When the GST-fusion
A. rosae ruficornis Mos protein (GST-ArMos) is injected
into these eggs, MEK and MAPK are re-activated.
Treatment of MI-arrested eggs with the MEK inhibitor,
U0126 results in inactivation of MAPK.

Here, we investigated the relationship between
activities of MEK and MAPK and cell cycle progression.
Progression of meiotic cell cycles after egg activation,

and the status of nuclear (syncytial) divisions in eggs that
receive GST-ArMos injection or treatment of the MEK
inhibitor were examined cytologically by staining
chromosomes with DAPI (4',6-Diamidino-2-phenylindo-
le). MI arrest was released upon egg activation and
meiosis proceeded to anaphase I after 20-minute egg
activation, progressing to metaphase II and anaphase II
after 40 and 60 minutes, respectively. Meiosis completed
after 90 minutes. Female pronucleus was formed after
120 minutes. In eggs injected with GST-ArMos when
MEK and MAPK activities were completely lost (50
minutes after egg activation), syncytial divisions ceased
after a certain number. MI arrest was released and
meiosis completed in eggs that received treatment of the
MEK inhibitor. These observations well agreed with the
status of MEK and MAPK activities, and further support
our earlier notion that the Mos-MEK-MAPK pathway
participates in MI arrest of A. rosae ruficornis eggs.

References

Liuy, J., B. Grimison, and J.L. Maller (2007) New insight into metaphase arrest
by cytostatic factor: from establishment to release. Oncogene, 26,
1286-1289.

Tunquist, B.J. and J.L. Maller (2003) Under arrest: cytostatic factor (CSF)-
mediated metaphase arrest in vertebrate eggs. Genes & Development, 17,
683-710.

Yamamoto, D.S., .M. Lee and M. Hatakeyama (2005) Identification of c-mos
homologue in the sawfly Athalia rosae ruficornis (Hymenoptera) and its
expression analysis. Proceedings of Arthropodan Embryological Society of
Japan, 40, 47.

Yamamoto, D.S., .M. Lee and M. Hatakeyama (2006) Analysis of Mos-MEK-
MAPK pathway during egg maturation in Athalia rosae ruficornis
(Hymenoptera). Proceedings of Arthropodan Ewmbryological Society of
Japan, 41, 71.

* Abstract of paper read at the 43rd Annual Meeting of the Arthropodan Embryological Society of Japan, July 4-6, 2007 (Sugadaira, Nagano).



