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Cdh1= co-activator of Anaphase-
Promoting Complex/Cyclosome (APC)

•Multimeric protein complex ~15 
subunits
•E3 ubiquitin ligase
•Essential for M-phase, 

Pines (2011) Nat Rev Mol Cell Biol

substrates cyclin B1 and securin
•Many other substrates
•Substrates degraded at 
different times
•Activity regulated by WD40 
proteins CDH1 and CDC20



Cdh1 levels high in GV oocytes

Cdh1 needed to maintain GV arrest 
using antisense morpholino

Reis et al (2006) Nat Cell Biol

Cdh1 knockout is embryonic lethal



Cre-loxP to generate an 
oocyte-specific Cdh1 knockout

Cdh1 loxP x ZP3-Cre        KO in oocytes from growing follicles

Confirmation of Cdh1 role in GV arrest 
using oocyte-specific knockout

Holt et al (2011) Development 

Why is Cdh1 important in GV arrest? 

APCcdh1 maintains cyclin B1 levels low
Keeps Cdk1 activity low

Holt et al (2011) Development 



Mechanism of GV arrest 
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Cyclin B1 levels rise in G2 of the 
mitotic cell cycle

Deibler & Kirschner (2010) Mol Cell 

All of the APCcdh1-proteasomal 
machinery is in nucleus of GV oocyte



Nuclear cyclin B1-Cdk1 
needed for NEB in mitosis

Lindqvist (2010) J Cell Biol

Cyclin B1 translocates to nucleus 
before NEB/GVB

Model: Nuclear APCCdh1 protects GV 
oocytes from precocious GVB
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1. Prophase arrest: 
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2.  G2/M:
APCcdh1 overcome
by enhanced nuclear
CDK1/cyB1 entry.
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Rescue of GV arrest using Cdh1 
enhanced by using nuclear targeted 

Cdh1 

Cdh1 cRNA rescue

Nuclear targeted Cdh1 rescue can 
reduce cyclin B1 levels 
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Cdh1 loss changes levels of many proteins 
during GV arrest, not just Cyclin B1

PLK1
Cdc25A

Impact on oocyte maturation?

Cdh1 Knockdown leads to aneuploidy

Reis et al (2007) Nature Cell Biology

Are Cdh1 KO oocytes aneuploid? 

Superovulated78

63

IVM

12 h arrest 
+ IVM

72
71

56 73

Controls Cdh1 KOs



Cyclin B1
Cdc20
PLK1

BubRI

Cdh1 loss changes levels of many proteins 
during GV arrest, not just Cyclin B1

PLK1
Cdc25A

Impact on oocyte maturation?

Spindle Assembly Checkpoint (SAC) inhibits 
APCCdc20 : prevents aneuploidy

SAC switched off precociously 
following Cdh1 knockout 

Cdh1 Cdh1 f/f



Kinetochore Mad2 is Cdh1 dependent

Cdh1 f/f

Cdh1 
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Cdh1 present in all stages of follicle 
growth

Cdh1



Early adult infertility in Ddx4-Cre 
Cdh1 knockout mice

Premature ovarian failure in Cdh1 knockout mice

Control ovary Cdh1ovary

Cdh1 is needed for ovarian follicular endowment 

Postnatal 1-2 days



Why is Cdh1 needed for follicular endowment? 

APCCdh1 ‘X’ degradation Meiotic prophase
I arrest

‘X’ = cyclin B1?X  = cyclin B1?

S  G2 arrestS  G2  M

Cyclin B1 

Cyclin B3 

ATM/ATR 

Summary

Primordial follicle endowment

Maintenance of GV arrest

Timing of meiosis I/
Prevention of aneuploidy
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308 Cdk1 substrates identified in budding yeast

Holt et al (2009) Science

The G2 rise in Cyclin B1 drives mitosis 
entry

Deibler & Kirschner (2010) Mol Cell 


