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The fine spatial and temporal resolution of translation control can have a rapid and
subtle effect on the microenvironment of the cell in comparison with transcriptional
regulation. Mammalian oocyte represents a relevant model that allows addressing the
spatial control of translation during meiotic maturation. The fully-grown mammalian
oocyte is transcriptionally quiescent and stored maternal RNAs are used for the
completion of meiosis and early embryo development. It was shown three decades ago
that during resumption of meiosis, protein synthesis is not necessary for the nuclear
envelope breakdown (NEBD) but active protein synthesis is required for the correct
formation of the meiotic spindle and progression to metaphase II (1). Therefore
mammalian oocyte represents a suited system to address translation control in relation
with the cell cycle in general and with the spindle formation in particular. In this issue of
the Cell Cycle the study by Jansova et al. gains new insight into the role of the eukaryotic
initiation factor 4E-Binding Protein 1 (4E-BP1) in the meiotic spindle formation in
mouse oocyte (2).

4E-BP1 has been shown to undergo a dynamic and fine spatially regulated pattern of
phosphorylation at sites that control its binding to el[F4E and consequently its efficiency
to inhibit translation (3, 4). Then, it has been proposed that the localization of specific
phosphorylated 4E-BP1 isoforms at the spindle pole or on the spindle represents a novel
mechanism supporting localized protein synthesis related to mRNA localized at the
spindle. The study by Jansova et al. goes further in demonstrating the implication of the
4E-BP1-phosphorylation status in forming a well-structured meiotic spindle.
Microinjection of mRNA encoding for a dominant negative 4E-BP1 mutant (replacement
of key serine/threonine residues by non-phosphorylatable alanine residues) affects
translation activity and promotes aberrant spindle formation. Their data demonstrate
that 4E-BP1-phosphorylation is essential to ensure correct meiotic progression.

In this regard, the identification of the kinases, which are involved in the
phosphorylation of 4E-BP1, represents a major challenge. Kubelka’s group previously
showed that chromosomal translational hotspots are controlled by the activity of the
mTOR-signalling pathway during the first meiotic division in maturing mouse oocytes
(5). The current study adds new information by investigating the role of CDK1 on the
phosphorylation of 4E-BP1 in mouse oocytes (2). Using specific kinase inhibitors, they
showed that CDK1 and mTOR kinases are the main positive regulators of 4E-BP1
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phosphorylation following NEBD (Fig. 1). The Western blot data shown by Jansova et al,,
indicate that CDK1 influences the activity of mTOR in mouse oocytes suggesting that
CDK1 acts indirectly on 4E-BP1 phosphorylation via mTOR activation. Interestingly,
both CDK1 and mTOR co-localize with specific 4E-BP1-phosphorylation isoform on the
spindle at the onset of meiotic resumption. The fact that CDK1 is a positive regulator of
the 4E-BP1-phosphorylation during mouse oocyte maturation will add fuel to the
complicated debate of the link between the translational activity and the stages of the
cell cycle. Indeed, many discrepancies that have been reported when observing
translation mechanisms linked with the cell cycle might be related to direct effect of the
different pharmacological agents used to synchronize cells rather than cell cycle status
(6). Therefore, oocyte meiotic maturation, where the synchronism of cell divisions
occurs physiologically, represents a pertinent model for the analysis of the control of the
phosphorylation of 4E-BP1 by CDK1. The work by Jansova et al., revealing CDK1 activity
towards 4E-BP1 phosphorylation via unexpected phosphorylation and activation of
mTOR, adds more to the complexity of the signalling pathway acting upstream 4E-BP1
and may initiate further research.

In view of these works, it now appears that fine control of translation activity within the
spindle can play an important role in maintaining genomic stability. However, many
points remain to be clarified. Among others, one can still wonder how the
phosphorylations are controlled spatially on specific sites of 4E-BP1 and what their
consequences on specific translation activity are. Which mRNAs are actively translated
in this spatial and temporal context? The integration of 4E-BP1-phosphorylation
knowledge at different levels of scales (molecular / structural (7) and intracellular
compartments (2-6)) opens up a promising field of investigation for systemic
approaches that focus on spatio-temporal control of the mRNA translation. It is almost
sure that the mammalian oocyte meiotic maturation system, by its characteristics: size
and round shape, synchronism and asymmetry of meiotic divisions, its links with
translation, represents an interesting future model in this context.
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Figure 1 legends: CDK1 phosphorylates and activates mTOR, which phosphorylates 4E-
BP1 on different sites (after (2)). Depending on the phosphorylated sites, 4E-BP is
localized in the vicinity of the chromosomes and at the spindle poles (brown dashed
arrows) or is distributed along the whole spindle (red dashed arrows).



