CELL CYCLE – approx 22 hrs

Tightly regulated

Basic Requirements:


1. cell size doubles


2. chromosomes replicate


3. MTOC replicates ( SPINDLE


4. chromosomes equally distribute


5. cell must divide (cytokinesis)


INTERPHASE:



G1 – can decide to go quiescent (G0) or move on to S or DIE




major decision-making phase: 





nutrients





growth factors





signals from other cells




G0 – effectively have exited the cell cycle; no longer proliferating



S – DNA replication




amt of DNA in cell populations can be quantitated by FACS



G2 – prepares for mitosis; tetraploid state




monitoring step




cell enlargement

MITOSIS (M)



spindle assembles



chromosomes condense



MT’s disassemble nuclear envelope



MT’s grab chromosomes (motors at KINETOCHORE)




kinetochore capturing is monitored as a checkpoint




cytokinesis waits for full separation

**Embryonic Cell Cycle:  S and M phases only**


Prophase:


MTOC separates



chromosomes condense


Prometa:



NE breaks down



chromosomes captured (mutlipled MT’s/chromosome)


Metaphase:  chromo. line at equator


Anaphase A:  separate chromosomes  (DYNEIN (-) motors walk along MT’s)


Anaphase B:  centrosomes separate 
(MT’s slide against each other)


Telophase: 
cleave furrow prominent


Cytokinesis

CELL CYCLE BIOCHEMISTRY


Cyclin – Dependent Kinases (CDK’s) drive cell cycle by phosphorylating 

downstream proteins

own cyclin is degraded after next step occurs ( 

cyclin levels rise and fall thoughout cell cycle

cyclins activate and help determine CDK substrate specificity


their binding enables ATP binding

Cyclins destroyed by proteolysis (ubiquitin-directed)

Complexes: each composed of different cyclin and different CDK combination


G1 CDK


G1 / S CDK:  promotes S phase from G1

S CDK


M CDK



targets have effect of chromo cond. (histone and condensin phos)






NE breakdown  (lamin phos)






MT dynamics (MAP4)






cytokinesis delay (myosin kinase)






cyclin degradation (ubiquitin ligase act)

ADDITIONAL CDK REGULATION

1)  
CAK (CDK Activating Kinase) – phosporylates CDK complex for full activity

2) 
WEE1 – inhibits CDK by phosporylation


CDC25 – phosphatase; re-activates CDK by removing above phosphate



**final step in CDK-M activation**

3) 
Dominant Inhibition:  CKI’s – CDK Inhibitor proteins 
(ex. p27)



**happens in times of trouble**

BURST – occurs b/c the first few active copies of CDK-M have two immediate functions



activation of CDC25



inhibition of WEE1



ensures all-or-none activation

Cyclin Degradation drives Cell Cycle


SCF/APC – ubiquitin ligases (E3 enzymes)


SCF – always on, but ubiquitination sites must be specially phosphorylated



degrades G1/S cyclins (promotes S phase)


APC – activity is regulated



degrades M cyclins and COHESIN (chromosomal glue)



keeps early G1 free of CDK’s

CHECKPOINTS:  monitor completion and progression


Restriction Point:  G1/S Transition


“point of no return”



txn of replication machinery begins after Rb is inhibited by G1/S CDK



Rb itself is an inhibitor of E2F (TF)



**no Rb ( RETINOBLASTOMA** ;  30% of tumors:  no functional Rb


DNA damage:  at G1 and G2



G1:  p53 (a TF) activates CKI (slows cell cycle) and DNA repair genes




it is stabilized in response to “trouble signals”


Metaphase Checkpoint – ensures all kinetochores are captured

SUMMARY:


- CDK’s trigger cell cycle transitions


- cyclins synthesized and degraded periodically


- cyclin/CDK complexes highly regulated


- active complexes trigger next step and 

       machinery to degrade cyclin

