Expression of cdk4 in developing mouse oocytes and early embryos
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Abstract


Progression through the cell cycle is regulated by the periodic activation and inactivation of cyclin-dependent kinases(cdks). The kinase activity of cdks depends on their association with cyclins, proteins whose levels undergo cyclic changes throughout the cell cycle and could be blocked by families of specific inhibitors. A number of cdks and cyclins have been identified. They catalyse transition through the various checkpoints which ensure entry into and exit from the different phases of the cell cycle. Cdk4 form complexes with D-type cyclins (D1, D2 or D3) and regulates progression through G1 and entry into S-phase.


	Cdk4 is active in mid- to late G1. There are few steps in its activation. Cdks must be phosphorylated at the Thr-172 by cdk-activating kinase(CAK) in the ”T-loop”, dephosphorylated at the other part of the molecule and than the cyclinD binds to it. There are two families of its inhibitors that interact with cdks in different ways. The Ink4 proteins bind specifically to cdk4 and have only inhibitory function. On the other hand, Cip/Kip proteins bind to wide range of cdks. One member of this family, p27, has been shown to help association of cdk4 with cyclinD in low concentration. Active cdk4 phosphorylates the tumor supressor protein, pRB. Hyperphosphorylation of pRb disrupts the inhibitory complex formed of pRb and UBF, RNA polymerase I transcription factor and/or disrupts another inhibitory complex formed of pRb and member of the E2F family of transcription factor, permitting transcription of cyclin E and other genes needed to initiate S-phase. 


	A lot of work in this field has been done on somatic cells, but only a very limited amount of information  accumulated on embryos. The first two cell cycles of mouse embryos are unique. At the time of fertilisation mouse egg is arrested at metaphase of the second meiotic division and only fertilisation and/or parthenogenetic activation induces the completion of meiosis and initiates the first mitotic cell cycle. DNA replication of the maternal and paternal genomes progress separately, because of pronuclear envelope, during the first cell cycle. Since the transcription is initiated at late S-phase, G1->S transition in one cell mouse embryo occurs essentially without any transcription.


	There are dramatic changes in the expression and subcellular localization  of cdk4 and its inhibitor p27 in maturating mouse oocytes, eggs and the developing early embryos, and this expression pattern shows major  differences compared to the somatic cells. Imunoprecipitation and western-blot analyses revealed that the total quantity of cdk4 decreases during oocyte maturation,  it is almost undetectable in eggs and rises again during the first embryonic cell cycle.  This  timely corresponds to the activation of the zygotic transcription. Indirect imunofluorescence (IIF) shows changes in the expression pattern of cdk4. In one-cell and early two-cell embryos cdk4 is spread homogenously throughout the nuclei. About 28 hour after fertilisation, however, it becomes strongly accumulated in pronucleoli.
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