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Cell Cycle I: Intracellular Control 

Alkesh
Note
chapter 17 summary of mitosis/mieosis

- movement of cells during each segment of mitosis

- most of time in G1 interphase

- some cell divide certain amount of times and become standardized

- plus ends of MT on end of cell

- this is a case of something going wrong in division
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The Cell Cycle 
•  Since this is review, we will not discuss at length the cell 

cycle itself. 
•  Focus on mechanisms of control that occur at specific 

stages. 

Karlstrom and Kane. 1996 Development 123:461. 

Frog Egg 

Zebrafish 

“growth” 

“growth” 

“mitosis” 

“synthesis” 
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Why Control the Cell Cycle? 
•  The cell cycle is a complex system of coordinated 

processes that must occur in a specific sequence. 

•  If performed incorrectly or out of sequence, results may 
be catastrophic. 

•  Regulatory proteins and biochemical switches control 
progression through the cell cycle. 

•  This system monitors intracellular and extracellular 
environments. 

Alkesh
Note
we must control since so many things happen and if one thing doesnt happen properly then the results could be catastrophic



Alkesh
Note
switch = protein

- presence of signal outside might turn on switch inside and put the cell into mitosis/cytokensis. 

- if something goes wrong then it will prevent it from continuing with mitosis
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Cdks Control the Cell Cycle 

•  Cdk = “cyclin-dependent kinase”. 
•  Activity of cyclin (and thus Cdks) rises and falls 

with cell cycle. 
•  Molecular switches that regulate important 

events: 
– DNA replication 
– mitosis 
– chromosome segregation 
– cell proliferation 

Alkesh
Note
- kinase phosphorolates another molecule

- rises and falls regulate events

- 
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Classification of Cyclins and Cdks 
Cyclins in all eukaryotes (4 major classes): 
•  G1/S cyclins: bind Cdk near end of G1 and lead cell into 

DNA replication. 
•  S-cyclins: bind Cdk during S phase and are required for 

DNA replication, control early mitotic events. 
•  M-cyclins: promote the events of mitosis. 
•  G1-cyclins: (in most cells) promote passage through 

restriction point in late G1. 

Alkesh
Note
- rise and degredation controls S phase, allowing it to enter M cycle, etc.

- cdks phosphorolates cyclins
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Cdks are Protein Kinases 

Alkesh
Note
- phosphoralation doesnt always activate something



- site of phosphorolate is imp.,

- same proteins can have diff effects

- can turn on/off proteins (conformational change that has an effect)
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Cdk Activity is Regulated 

Alkesh
Note
as cell cycle goes on, [cdks] of each increases/decreases accordingly 
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Activation of Cdk-cyclin 

Alkesh
Note
- activation isnt as simple as having presence of cyclin

- cyclin enters and produces conf change in active site, Cdk-activating kinase enters and fully activates phosphate. now this can go on and phosphorolate another protein
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Inhibition of Cdk 

e.g. M-Cdk 

p27 is a CKI 

Alkesh
Note
- Wee1 important for putting cells into M phase

- CAK activates Cdk

- wee1 deactivates cdk for a small amount of time

- p27 inactives cdk
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Ubiquitin and Protein Degradation 

Ubiquitin 

Figure 6-90  Molecular Biology of the Cell, 5th ed. (2008) 

A ubiquitin ligase is required to catalyze addition of a polyubiquitin chain to a protein  

The proteasome 

Alkesh
Note
- proteins can be taken away and distroyed

- controls levels of cyclin

- in all eukaryote cells

- marks cells for structure, and forms a chain with protein. 

- enzymes mark proteins for ubiquitation

- poly-ubiquitin chain

- inside proteasome is active protease

- chain attaches, sends proteins through which are broken down into AA

- 
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SCF and APC are Ubiquitin Ligases 
•  SCF can lead to destruction of G1/S cyclins (see slide 5). 
•  SCF can lead to destruction of CKI (e.g. below and slide 5, 9). 

Skp/Cullin/F box family of proteins; Anaphase Promoting Complex 

S-Cdk not deactivated; 
e.g. Cell proceeds to S phase CKI must first be phosphorylated 

before it is recognized by SCF/F-box 

Positive effect on cell cycle 

Alkesh
Note
- mark cki which remove inhibition of cdk, activate cdk, allows for progession of cell cycle.

- scf leads to distruction of proteins

- Fbox protein is adapter protein thats required to mark protein for poly-upiquitation

- before F bx can bind poly-ubiq, it must be phosphorlated. only phosphorolated cki will be recognized.

- sent to proteasome, degrades cki, allowing cell to proceed to s phase

- positive effect on cell cycle (allows it to cont)
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SCF and APC are Ubiquitin Ligases 
•  APC can lead to destruction of securin, leading to chromatid 

separation (see slide 17). 
•  APC can lead to destruction of M-cyclin (e.g. below and slide 5). 

Skp/Cullin/F box family of proteins; Anaphase Promoting Complex 

Positive effect on cell cycle 

Cell permitted to  
leave M-phase 

Alkesh
Note
- securin stabilizes seperation

- Mcdk must be decreased to get out of Mphase. M-cyclin destroyed, allowing ti to get out

- in active APC/C activated by Cdc20,reacts with E1 and M2, making poly-ubiquitin chain, degrading cdk though proteasome, cell leaves m phase
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SCF and APC are Active During Different Stages 

APC 

SCF 

APC-Cdc20 
activation 

êM-cyclin 
(slide 5 and 12) 

Separase activation 
and anaphase (slide 17) 

êM-Cdk éAPC-Cdh1 
(above) 

Keeps M-cyclin 
levels low (slide 5) 

and cell leaves M-phase 

(-) 

Alkesh
Note
compare with slide 5

- decrease of M-cdk deactiveate APC-CDc20 (neg feed back loop), producing dop in APC-Cdc20.

- rise of APC-cdh1 which keeps m-cyclin low

- APC=cdc2 activation activates seperase and anaphase
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Activation of M-Cdk Triggers Mitosis 

(Phosphorylation by Wee1 
blocks activity) 

Enhances Feedback 

Here, we are in the latter stages of G2 on the brink of mitosis… 

S-Cdk phosphorylates (activates) Cdc25 
during M-phase (see slide 5) 

Alkesh
Note
- when we pass checkpoints, we enter mitosis

- wee1 inhibits complex temporarily, and cell will not go into mitosis

- signal from S-cdk activates cdc25 (protein phophotases) which removes inhibitory phosphate. 

- pos feed backloop as m-cdk activates cdc25 which activates all other m-cdk. 

- neg feedback loop as as m-cdk inhibits wee1, preventing it from inhibiting Mcdk

- cdc25 is trigger putting cell into mitosis
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“Checkpoints” 

1.  DNA replication checkpoint 
2.  Spindle attachment 

checkpoint 
3.  DNA damage checkpoints 

(several) 

Fig. 17-14. Alberts, 5th ed. 

1 
2 

3 

Alkesh
Note
- points of cell where cell checks itself and sees if it should go forward with mitosis

1) check point of G2 checks for any damage with DNA, etc. and decides whether or not it should divide.

2) Between metaphase/anaphase, rapid process where sister chromatids are brought apart from eachother and put on opp poles (anaphase). Checks if all chromosomes are attached to spindle on equator. If not all are attached, then it will not pass. Some exceptions (non-disjuction). Alignment of chromosomes on center ends mitosis and enters anaphase

3) Ensure if DNA is damaged, then it wont proceed to S phase and replicate errors. This happens several times. 

Prevent most mutations from passing. Sometimes things get through.
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DNA Replication Checkpoint 
 

Detection of unreplicated DNA 
 
 

Cdc 25 not activated; M-Cdk activation is blocked 
(See slide 14) 

 
 

Cell does not progress into mitosis 

Alkesh
Note
Dont know how this occurs.

- unreplicated DNA is detected, preventing CDC25 activation. Creates position of control. Therefore M-Cdk is blocked. And cell doesnt progress into mitosis.
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Chromatid Separation 

Alkesh
Note
- In anaphase.

- APC is important in describing cyclical chain. In here it plays a role in promoting Anaphase. Activated by Cdc20. Seperating Securin from seperase (inactivated by seperase). Seperase cleave and dissociate cohesin molecules of sister chromatids allowing chromatid to move to opp sides. 

- In mitosis the chromatids are lined at mmetaphase plate
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Spindle Attachment Checkpoint 

Unattached  
kinetochore 

 
Mad2 binds 

 
Cdc20-APC  

activation blocked 
 

No chromatid separation 

Nondisjunction 

“Mad” = mitotic arrest deficient 

Alkesh
Note
Environment has to be good for everything to work.

- If kinetochores are bound then proceeds to anaphase

- If Mad2 (Mitotic arrest deficient protein) attached, it prevents Cdc20-APC activation, preventing seperation of chromatids.

- Mad2 associated with unattached kinetochore. 
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DNA Damage Checkpoint (G1) 

p53 is a gene regulatory protein, GRP 

Negative effect on cell cycle 
Cell does not enter S-phase 

Alkesh
Note
- DNA has been damaged.

- In G1 phase they can be subject to environmental stress (hypoxia - low O is ex). This prevents cell from dividing and proceeding into S phase. Dont know how this happens but know sptes.

- Protein kinase (P53) is normally stabilized by MDM2. Once unstabilized by phosphoralation, becoming active.

- P53 can affect transcription and translation. 

- P21 gene transcibes and translates protein that inhibits G1/S-Cdk, having a negative effect on cell cycle

- G(not) is temporary part that the cell will enter when it doesnt want to continue. Not part of cell cycle.




