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HOW DO CHECKPOINTS HOW DO CHECKPOINTS WORK?WORK?
 Checkpoints are governed by phosphorylation Checkpoints are governed by phosphorylation activity controlled by CDK’s (cyclin dependent activity controlled by CDK’s (cyclin dependent kinases)kinases)
 Kinases phosphorylate, phosphatases remove Kinases phosphorylate, phosphatases remove phosphatesphosphates
 The CDKs are active only in complexes that The CDKs are active only in complexes that contain atcontain at
 least one other protein, called a “cyclin”.least one other protein, called a “cyclin”. Changes in the cyclin and kinase components of Changes in the cyclin and kinase components of
 thethe complexes are the “switches” that control and complexes are the “switches” that control and
 regulateregulate progression through the cell cycle.progression through the cell cycle.
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G1G1Control of cell cycle progressionControl of cell cycle progression G1:G1: The G1 phase has a checkpoint called the The G1 phase has a checkpoint called the STARTSTART point where a signal for cell division is point where a signal for cell division is needed for the cell to continue on to S phase.  needed for the cell to continue on to S phase. 
 3 conditions must be met:3 conditions must be met:a)favorable extracellular environment (including a)favorable extracellular environment (including a growth factor signal) b) sufficient nutrients c) a growth factor signal) b) sufficient nutrients c) cell size large enough (most animal cells double cell size large enough (most animal cells double in size)in size) growth factors play a crucial role carrying cell growth factors play a crucial role carrying cell pat G1pat G1
 If conditions are not right, cell can go into G0 If conditions are not right, cell can go into G0 until it receives further signalsuntil it receives further signals
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proteins called G1 cyclins are made. Cyclins proteins called G1 cyclins are made. Cyclins bind to and activate cyclin-dependent kinases bind to and activate cyclin-dependent kinases (Cdks).  Activated Cdks trigger synthesis and (Cdks).  Activated Cdks trigger synthesis and activation of factors and enzymes needed for activation of factors and enzymes needed for S phase.  Degradation of G1 cyclins begins in S phase.  Degradation of G1 cyclins begins in late G1.  The degradation of cyclins returns late G1.  The degradation of cyclins returns Cdks to an inactive state.  In animal cells, the Cdks to an inactive state.  In animal cells, the signal for cell division is a usually a growth signal for cell division is a usually a growth factor (a steroid or peptide hormone).  The factor (a steroid or peptide hormone).  The growth factors signals biochemical changes growth factors signals biochemical changes that make cyclins  that make cyclins  
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S PhaseS Phase S: S: Cellular DNA synthesis is Cellular DNA synthesis is
 semiconservative and is initiated at multiple semiconservative and is initiated at multiple sites on eukaryotic chromosomes. sites on eukaryotic chromosomes. Eukaryotic DNA is replicated at a rate of Eukaryotic DNA is replicated at a rate of about 2000 bp per minute, and since there about 2000 bp per minute, and since there are over 1,000,000,000 bp in most are over 1,000,000,000 bp in most eukaryotic genomes, it would take about 6 eukaryotic genomes, it would take about 6 months to replicate all the DNA if there months to replicate all the DNA if there were only a single origin. Multiple origins of were only a single origin. Multiple origins of DNA replication are thus essential. In DNA replication are thus essential. In mammalian cells, S phase lasts about 6-8 mammalian cells, S phase lasts about 6-8 hours. hours.
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G2G2
 Transition from G2 to M is dependent on the formation of Transition from G2 to M is dependent on the formation of maturation promoting factor (MPF). maturation promoting factor (MPF). MPF are proteins that stimulate cell division.MPF are proteins that stimulate cell division.
 Active MPF can be purified from cells in G2 phase. When this Active MPF can be purified from cells in G2 phase. When this purified protein complex was injected into other cells, M phase purified protein complex was injected into other cells, M phase was initiated, regardless of what phase the injected cell was in. was initiated, regardless of what phase the injected cell was in. This experiment demonstrated the importance of MPF in initiation This experiment demonstrated the importance of MPF in initiation of mitosis.of mitosis. Mitotic cyclins gradually increase in concentration during G1, S, Mitotic cyclins gradually increase in concentration during G1, S, and G2 until enough is present to trigger the transition from G2 to and G2 until enough is present to trigger the transition from G2 to M  . When the mitotic cyclin (cdk complex (MFP) is first formed it M  . When the mitotic cyclin (cdk complex (MFP) is first formed it is inactive due to the presence of inhibitory phosphate groups. A is inactive due to the presence of inhibitory phosphate groups. A signal inactivates the phosphates acting as a switch after signal inactivates the phosphates acting as a switch after completion of DNAcompletion of DNA
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MM
 Mitosis is a complicated process whereby Mitosis is a complicated process whereby duplicated DNA must be split evenly duplicated DNA must be split evenly between two daughter cells.  It involves between two daughter cells.  It involves condensation of DNA, breakdown of the condensation of DNA, breakdown of the nuclear envelope, formation of a mitotic nuclear envelope, formation of a mitotic spindle, and separation of sister spindle, and separation of sister chromatids to opposite poles of the cell.  chromatids to opposite poles of the cell.  MPF is essential to initiate mitosis and is MPF is essential to initiate mitosis and is degraded during mitosis. degraded during mitosis.
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APCAPC Anaphase promoting complexAnaphase promoting complex Spindle checkpointSpindle checkpoint Chromosomes must be attached at Chromosomes must be attached at
 the metphase platethe metphase plate
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p53p53 Monitors DNA damage at G1Monitors DNA damage at G1 Activates enzymes to repair damage which Activates enzymes to repair damage which
 inhibits Cdk Therby halting S phaseinhibits Cdk Therby halting S phase P53 activates synthesis of p21P53 activates synthesis of p21 Can direct apoptosisCan direct apoptosis In cancer cells, p53 damaged or missingIn cancer cells, p53 damaged or missing Cigarette smoke causes mutation in p53Cigarette smoke causes mutation in p53
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In G2, DNA strand breaks signal the activation of a In G2, DNA strand breaks signal the activation of a checkpoint protein CHK1 that phosphorylates cdc25, checkpoint protein CHK1 that phosphorylates cdc25, a protein needed to activate MPF.  The a protein needed to activate MPF.  The phosphorylated form of cdc25 leaves the nucleus so phosphorylated form of cdc25 leaves the nucleus so that it is not available to activate MPF. that it is not available to activate MPF.
 CHK1 activated CHK1 activated cdc25 phosphorylated and leaves nucleus cdc25 phosphorylated and leaves nucleus MPF fails to become activated. MPF fails to become activated. mitosis cannot occur. mitosis cannot occur. In some cases, broken DNA may be repaired, but not In some cases, broken DNA may be repaired, but not
 always.  When the cell cycle is arrested due to DNA always.  When the cell cycle is arrested due to DNA damage detection, a series of biochemical changes in damage detection, a series of biochemical changes in the cell begins that will eventually cause the cell to the cell begins that will eventually cause the cell to kill itself.  This form of cell suicide is known as kill itself.  This form of cell suicide is known as apoptosisapoptosis or or programmed cell deathprogrammed cell death. .
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DNA is tightly wound on histone proteins. The DNA wrapped hsitones are called nucleosomes which then form chromatin fibers.They finally form supercoils which are recognized as chromosomes
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Proto-oncogenesProto-oncogenes Normal cell genes that interact with Normal cell genes that interact with
 growth factorsgrowth factors If mutated become oncogenes If mutated become oncogenes
 (turned on)(turned on) Ras proteinRas protein Src proteinSrc protein
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Tumor supressor geneTumor supressor gene Normally inhibit cell cycleNormally inhibit cell cycle If both copies of gene are mutated-If both copies of gene are mutated-
 turned onturned on Rb protein mutated in 40% of Rb protein mutated in 40% of
 cancerscancers P53 mutated in 50% of all cancersP53 mutated in 50% of all cancers
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