Why investigate oocyte maturation?
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Metaphase Il

Prophase |
= Necessary step in production of mature fertile oocyte.

= Involves cell cycle control and cytoplasmic modifications.

= Model system for studying cell biology and physiology.
= Application in clinic could have a major impact on ART.

Oocyte maturation: from symmetry to asymmetry
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Polarization of the oocyte cortex
e A role for chromatin
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A Ran gradient is associated

with MI chromosomes

(bumont et al JCB 176, 295, 2007) Inhibition of Ran inhibits

z —— cortical polarization
(Deng et al Dev Cell 12, 301, 2007)
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Cellular Polarity: the main players
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Racl-GTP is polarised during oocyte maturation

Prophase |
./RaCGTP\-

Racl-GTP co-localises with the actin cap

ACTIN Rac-GTP overaI

Racl1-GTP polarises as chromatin moves to the cortex
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Racl-GTP accumulates close to chromatin
Rac-GTP




Ran activity is necessary for polarised Rac-GTP
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Polarisation of the oocyte cortex
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Chramasmaes

Inhibition of Rac1-GTP has no effect on

formation of polarised actin.
But does inhibit Pb extrusion and causes spindle defects.
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Cortical actin is necessary for polarised Rac

Latrunculin A
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Polarisation of the oocyte cortex

Rac1-GTP
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Cdc42 induces actin filaments through N-WASP
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N-WASP is highly expressed in oocytes
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CDC42 is necessary for polarised N-WASP and actin.

Metaphase II

Metaphase Il
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Polarization of the oocyte cortex

A
Arp2/3-WASP

L 4 Downstream effects ?7?
*Cytokinesis

RAN-GTFP «Spindle stability
«Spindle anchroing
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Rac is necessary for spindle anchoring and cytokinesis

Control RacN7T

Mil Rac-GTP Tubulin Actin

Activation ¢ ACtlvatlonl'
Rac-GTP

CDC42 is needed for Pb extrusion and spindle attachment

Maturation Mil

+
N17CDC42 Activation

(EtOH)

45%/ 55% progress to MII

80% perpendicular spindle
>< 85RBEO Ph2

Polarisation of the oocyte cortex allows
highly asymmetric cell division in meiosis
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Downstream roles
L 4 «Cytokinesis (Pb formation)
*Chromosome alignement
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Reorganization of organelles during
oocyte maturation

Mitochondria Golgi

Van Blerkom and Runner, The American Journal of Anatomy, 1984




Mitochondrial aggregation requires
microtubules not microfilaments

Latrunculin A

mileehorrion

Milton controls the early acquisition of mitachondria by Drosophila oocytes,
Cox and Spradiing, Development, 2006

Motor proteins actively distribute mitochondria
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Mitochondrial dynamics during
oocyte maturation
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During maturation the
balance favours dynein
mediated trafficking.

........ But what happens
at Pb formation...........




9% area occupied by mitocl

ATP depletion leads to spindle disassembly

157 i Oligomycin

— Oligomycin (n=4)

Average Spindle Fluorescence

— Control (n=4)
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........ but does mitochondrial aggregation influence spindle

function?




Maternal diet impacts on oocyte mitochondria
Igosheva et al., PLOS One, 2010.

Obese mice have increased

Mitochondrial activity.
itochondrial activity ....AND increased oxidative load
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Spatial reorganization of cytoplasm
during oocyte maturation
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Symmetrical Redistribution of Polarization of cortex

distribution of Organelles

organelles + CDC42 /| WASP
*Microtubules «Actin

«Cytoplasmic dynein *RAC-GTP

Polar Body formation
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ATP production by mitochondria

';..m,‘.x Oligomycin

ATP Consuming Processes During
Oocyte Maturation

Spindle formation and Organelle movement
= m
Cellular homeostasis Phosphorylation events
mechanisms

Fertilization stimulates
Ca%*oscillations




MITOCHONDRIA

Endoplasmic
Reticulum

Fertilization stimulates mitochondrial activity
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ATP - Ca?* may ensure a match in supply and demand

/ Mitochondria \
C

ytoplasm
Cell cycle progression

Ca?* pumps

/TN
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Exocytosis

€ 4

Allows mitochondrial respiration to be set at a minimum level
thereby minimizing risk of free radical production to which
mitochondria are susceptible.




Endoplasmic reticulum and mitochondria
are in close proximity

MITOCHONDRIA

Endoplasmic
Reticulum

Mitotic Ca?*transients stimulate
mitochondrial activity
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The first week of life.

2-cell stage

Tonn

Uterus Morula /pﬂlucid.l

A Ampulla
region

Fertilization

= Early etage of 4
implantation Craulation Fimlrize

Emil is expressed in prophase I-arrested oocytes
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A fertile egg underpins
embryo development

From

De Generatione Animalium
by

William Harvey, 1651

Generatione Animalinm

Summary and Perspectives

1, The oocyte cytoplasm is dramatically reorganised during
oocyte maturation.

2. Aggregation of ER and mitochondria create a microenvironment
in and around the spindle.

« ER may charge mitochondria

e ATP is necessary for spindle dynamics

« Does this structure promote spindle function?

3. ATP consumption changes during oocyte maturation.
* highest during meiosis |

« what is impact of cumulus cells

« is consumption related to specific events of meiosis

Polarity develops during oocyte maturation

Polarization is essential for asymmetric cell division
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Mitochondria, ATP and the oocyte.

*Mitochondria provide the primary
source of ATP for the oocyte

*Qocyte mitochondria expand from
10-100 in primordial follicles to
hundreds of thousands in fully grown
oocytes

*Mitochondrial dysfunction in the
oocyte leads to developmental arrest

*Developmental competence

. appears to be related to
Oumlard e . Devlopmers, 2007 mitochondrial function and ATP
levels in the oocyte

A Ran gradient contributes to cortical polarity

Deng et al., (2007) Dev Cell 12, 301-308
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The role of CDC42-GTP in oocytes

f N-WASP —> Actin =
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Polarity develops during oocyte maturation

Polarization is essential for asymmetric cell division

Role and regulation of Racl activity
during meiosis
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oocyte polarisation, spindle anchoring, PB emission

N-WASP

CDC42-GTP

RAN-GTP ?

Chromosomes

Racl is activated in the ‘animal pole’

Rac-GTP Racl Aby

Racl-GTP co-localises with the actin cap

ACTIN Rac-GTP overlay




Oocyte Maturation

Meiosis |
4 ; - W 5
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Germinal \ | Arrest at
Stage Meiosis | Metaphase
9 of Meiosis

Rac1-GTP co-localises with the actin cap
How does chromatin remodel the cortex?

Rac-GTP overlay

Is Rac-GTP necessary for actin cap formation?

MII: CDC42 localizes to the spindle and overlying cortex

Rac-GTP Metaphase Il oocytes CDC42-GTP




The role of Rac-GTP in oocytes

RAN-GTP

MI Spindle dynamics
Chromosome congression
Polar body formation

\ /
/ MII Spindle anchoring
Cytokinesis

Chromosomes

Spatial organisation of the oocyte cytoplasm
during maturation

mitochondria

Van Blerkom and Runner, The American Journal of Anatomy, 1984

The role of small GTP-binding proteins in
oocytes
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CDC42-GTP localizes to the developing spindle

CDC42-GTP
GVBD +3-5h
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CDCA42 is needed for Pb extrusion and spindle attachment
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Organizing the cytoplasm during oocyte maturation

John Carroll
Department of Cell and Developmental Biology
Division of Biosciences
ucL

Timing of meiosis in mouse oocytes
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Maintaining meiotic arrest in prophase |

& 3
T « APC/C — multi-subunit ubiquitin E3 ligase

« Cdh1 activates the APC/C
@ « APC/C-Cdh1 has multiple substrates
« Cyclin B1 and securin are APC/Cdh1

substrates
« Cdh1 activity maintains meiotic arrest




Maintaining meiotic arrest in prophase |

T APC Regulation — Emil

@@ < Presence of competing substrates
Cdh1 Stability — BubR1

Exogenous Emil accelerates entry into M-phase
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Maintaining meiotic arrest in prophase |

APC Regulation — Emil

/ |mpac_t of competing substrates:
\i Securin

Cdh1 Regulation — BubR1

Is Securin being destroyed during prophase | arrest?
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it may compete with
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Excess securin promotes M-phase entry

Soanianoos GURD (%)

Securin influences the levels of cyclin B1
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Securin depletion:

Delays GVBD CydinBt =
More cyclin destruction Actin —
i
= bt
Gie e 3
i
Securin excess: Gramin - zm
Promotes GVBD § -
Less cyclin destruction P— . §
™
H
:

Maintaining meiotic arrest in prophase |

/ Emil inhibits APC/Cdh1
> New role for securin in meiosis
\ Cdh1 Stability — BubR1




