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CSF-mediated arrest
(corresponding to high MPF
activity) is primarily
induced by APC inhibition

High MPF activity may be maintained via separates pathways:
direct inhibition of APC/C and direct stabilization of MPF




CSF pathways




activity in the cytoplasm of
MIl oocyte causes oocyte Ml arrest

Experimental evidence on CSF

=Injection of active protein kinasi p90 in one
blastomer blocks its division




CSF pathways
+ cMos/MEKIMAPK/pRO

This pathway has been shown to be involved in MPF
stabilization (set the proper level of MPF activity)

Downstream components of this pathway are not
completely known and can change accoring to the species

In frog (unlike mouse) this pathway involves proteins of
SPINDLE ASSEMBLY CHECKPOINT** which act by
inhibiting APC

**Bub1, Mad1, Mad2: localize to the kinetochores of chromosomes generating
inhibitory signal that delays the onset of Anaphase if chromosomes are not




QUALITY CONTROL OF THE CELL CYCLE

Checkpoint controls in
mammalian oocytes

The cell has several systems for interrupting the cell
cycle if something goes wrong
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(Hoyt et al. 1991, Li & Murray 1991)




Regulation of APC-Cdc20 by the
spindle checkpo%nt

Lack of occupancy tension
at kinetochores
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CSF pathways
< Emi2

CSF-mediated arrest may be primarily induced by
Emi2 pathway which causes APC inhibition but also
requires the cMos/MEK/MAPK pathway to set MPF
levels within physiological limits (not too high to induce
an arrest that cannot be broken, or too low to induce
parthenogenetic activation)




CSF-mediated MIl arrest

* Emi2 accumulates during egg maturation
 Emi2 is present in CSF-arrested egg extracts

 Emi2 is a substrate of a polo-like kinase (PIK)

* Emi2 is rapidly degradated on Ca addition

* At fertilization, Ca increase activates CaMKIl,
which phosphoyilates Emi2. PIK further
phosphorylates Emi2 causing Emi2
ubiquitinilation and degradation

The levels of
Emi2 remain low
until their marked
rise in MlI



Model of CSF arrest by CSF:
MPF stabilization plus
APC inhibition




CSF-mediated Ml arrest

Mechanism designed to respond (
to the sperm CamKIl Pl
(Emi2-mediated APC inactivation)

High MPF Low MPF
Metll arrest Exit from MII

Keep MPF active until
the time of fertilization
(cMos pathway)

The levels of cyclin E/
Cdk2 and Emi2
remain low until their
marked rise in M|

Emi2 accumulates during
egg maturation

Is present in CSF arrested
egg extracts

Emi2 is a substrate of a
polo-like kinase (PIK)

Is rapidly degradated on
Ca addition

At fertilization, Ca increase
activates CaMKIl, which
phosphorilates Emi2. PIK
further phosphorylates
Emi2 causing its
ubiquitinilation and
degradation



CSF pathways
* Cyclin E/Cdk2: contributes to APC inhibition

Downstream target for CyclinE/Cdk2 is Mps1, a spindle
checkpoint protein

iPad =

Pathways of CSF arrest
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Figure 1 Pathways contributing to the establishment of CSF
arrest. During the maturation of oocytes, Mos/MAPK activity is
high after GVBD in M I and remains high throughout M II. The
levels of cyclin E/Cdk2 and Emi2 remain low until their marked
rise in M II. The combination of the Mos/MAPK pathway, cyclin
E/Cdk2 pathway and Emi2 contributes to full inhibition of APC/C
and establishment of CSF arrest. Both the Mos/MAPK pathway
and Emi2 are required for the establishment of arrest, whereas the
cyclin E/Cdk2 pathway contributes to APC/C inhibition but is not
necessary for establishment of CSF arrest.




CSF pathways

Establishment of stable CSF arrest may occur only after
full APC/C inhibition is promoted by the action of all three
pathways

Oncogene (2007) 26, 1286—1289




High MPF acivity Chromatids are

H|| during Mil paired on equatorial
plane of spindle



Second meiotic division

In contrast to the first meiotic division, the entry into the second one is
similar to mitosis

*MPF activity increases rapidly and the spindle forms quickly.
‘Moreover, the MIl chromosomes are identical to mitotic chromosomes
composed of sister chromatids with active kinetochores.
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The remains as a during

the chromosomes perfectly aligned on the equator
of the spindle

MISS (MAP kinase-interacting and spindle-stabilizing protein)

and DOC1R are two MAP kinase substrates

associated with the spindle in Ml arrested oocytes
(Lefebvre et al. 2002, Terret et al. 2003)

Role for both proteins in the
I maintenance of the spindle structure
during the arrest at metaphase




Mechanism of Ca** increase in egg at fertilization

Mil Spindlt‘

TRP(?)




Fertilization: MII =All transition

The oocyte leaves MIl arrest and enters
All due to the activation of APC induced
by intracellular Ca** increase

-

Ubiquitination and proteolysis of APC substrates
take place:

-Cyclin — MPF activity decreases
-Securin — separase 1s activated and chromatids
are separated




Fertilization Ml

= At fertilization, due to high  [EENERCIELES
levels of Ca**, APC is

activated and consequently: @ @
s e S

= Cyclin is degradated and
MPF is inactivated

MPF activity is
turned off at
MIl / All
transition
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Schematic of the two meiotic divisions
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Fertilization e

Metaphase Il arrest

= At Tll the oocyte @ @

eXtrU ded the PBI I . -PBII extrusion
MGlOSlS endS ‘ -Second meiotic
division ends

= Diploid condition will be re- ‘
established due to fusion

with sperm genome

MPF activity is
turned off at

Mil / All
transition
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MPF Regulates Mitosis as well as Meiosis

Yoshio Masui, Differentiation (2001) 69:1-17 Lodish et al., Molecular Cell Biology



