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Outlines 

• Phases of cell cycle 

• Regulation of cell cycle by cyclins 

• Regulation of cell cycle by cyclin-dependent kinases (CDKs) 

• Regulation of cell cycle by inhibitors of cyclin-dependent kinases (CDKIs) 

• Regulation of cyclins and CDKs functions by E2F-pRB pathway 
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Cell	cycle	checkpoints



Causes	of	double	strand	breaks

Dik C. van Gent et al, 2001 Nature Reviews



Cellular	response	and	consequence	of	DSBs



Radiation-induced	chromosomal	aberrations

Mitosis:	
	 -Prophase	
	 -Metaphase	
	 -Anaphase	
	 -Telophase

X-rays	or	ionizing	radiation	induces	DSBs	in		
the	chromosomes.	DSBs	causes	sticky	ends,		
which	can	join	with	any	other	sticky	ends.	

1) Rejoin	to	original	configurations	
2) The	breaks	fails	to	rejoin	causing	deletion	
3) Broken	ends	may	join	other	sticky	ends		



G.I.	Terzoudi	et	al.,	Mutation	Research	711	(2011)	174–186

Example	of	radiation-induced	chromosomal	
aberrations

DNA damage induced in different cell cycle stages leads to the formation of different 
types of chromosomal aberrations.  
 -For example: Damage during G0/G1 chromosomal aberrations.





Cyclin	expression	during	cell	cycle

cyclin	B



Cell cycle-dependent fluctuations in cyclin B levels







Pairing	of	cyclins	with	cyclin-dependent	kinases



Control	of	cyclin	levels	during	the	cell	cycle
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Control	of	cyclin	level	progression	by	TGF-beta



Control	of	cyclin	advance	by	extracellular	signals























Henley and Dick, Cell Division 2012



Expression	levels	of	pocket	proteins	throughout	the	cell	cycle

Henley and Dick, Cell Division 2012







































Phosphorylation	status	of	the	retinoblastoma		
protein	(pRB)	during	cell	cycle	

R.	Bernard



Cyclin-dependent	kinases	inactivate	the	retinoblastoma		
protein	(pRB)

R.	Bernard



Pairing	of	cyclins	with	cyclin-dependent	kinases








