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Examples
§embryo

§cell cycle < 20 minute
§skin cells

§divide frequently throughout life
§12-24 hours cycle

§liver cells
§retain ability to divide, but keep it in 
reserve
§divide once every year or two



§mature nerve cells & muscle cells
§do not divide at all after maturity
§permanently in G0
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Potential Problems:
sister chromatids do not separate
DNA gets damaged during duplication
DNA damaged by free readicals or chemicals or UV 

Checkpoints:  correct problems
checkpoint genes
make check point proteins
monitor damage, complete copying of DNA, 
nutrients available
proteins stop/delay cell cycle and enhance transcription of 

genes involved in chromosome repair
can cause a cell to (apoptosis) self destruct

Mutation in checkpoint genes à lack control over cell cycle
pass on mutation to descendents => neoplasm

AP Biology:  Chapter 12:  
Mitosis

Margaret
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Example of External signals

Dog = whippet

Belgian blue cattle – natural myostatin mutation

GDF 8 is growth differentiation factor 8

Negative Regulation

AP Biology:  Chapter 12:  
Mitosis

Margaret
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http://fig.cox.miami.edu/%7Ecmallery/150/neuro/myostatin.htm

What would expect by an overexpression of myostatin?
Leads to muscle wasting disease.

AP Biology:  Chapter 12:  
Mitosis

Margaret
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Clinical trials are underway

Follistatin is an inhibitor of myostatin

We can do gene therapy with virus to insert the gene for follistatin to try 
to restore muscle mass/function to IBM patients

Myositis is swelling and loss of muscle mass/function

Inclusion body myositis (IBM) is an inflammatory muscle disease, 
characterized by slowly progressive weakness and wasting of both 
distal and proximal muscles, most apparent in the muscles of the arms 
and legs. There are two types: sporadic inclusion body myositis
(sIBM) and hereditary inclusion body myopathy (hIBM).

WIKIPEDIA:  In 2009, research with macaque monkeys demonstrated 
that regulating follistatin via gene therapy also resulted in muscle 
growth and increases in strength. This research paves the way for 
human clinical trials, which are hoped to begin in the summer of 2010 
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on Inclusion body myositis.[7]

http://www.npr.org/templates/story/story.php?storyId=120316010
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What is the nature of this chemical signal?
The signal that sends cells into mitosis was found to be composed of 
protein, and was named MPF (maturation promoting factor or M-phase 
promoting factor). Further study revealed that MPF was composed of 
two proteins, Cdk 1 and cyclin B, which associated with one another to 
form active MPF. (We now know that MPF is an M-Cdk.)
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There are multiple cyclins, each with a specific role. Cyclins are 
unstable. Some are triggered for destruction by phosphorylation. Others 
are inherently unstable and are synthesized discontinuously during the 
cell cycle.

Oscillations in the activities of cyclin-dependent kinases (CDKs) dictate 
orderly progression through the cell division cycle. In the simplest case 
of yeast, a progressive rise in the activity of a single cyclin-CDK 
complex can initiate DNA synthesis and then mitosis, and the 
subsequent fall in CDK activity resets the system for the next cell cycle. 

In most organisms, however, the cell cycle machinery relies on multiple 
cyclin-CDKs, whose individual but coordinated activities are each 
thought to be responsible for just a subset of cell cycle events.
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Investigations revealed that of the two proteins that make up MPF, the 
concentration of Cdk1, does not vary much during the different stages 
of the cell cycle. Cyclin, as its name suggests, cycles, or fluctuates, in 
concentration during the cell cycle (see Figure 18.5). It is the 
concentration of cyclin that causes the changes in MPF concentrations 
during the cell cycle. Synthesis of cyclin occurs during interphase, 
causing a build-up of cyclin. As more cyclin is available to associate 
with Cdk1, the concentration of active MPF increases.

http://oregonstate.edu/instruction/bi314/fall11/cellcycle.html
How are all these changes brought about by a single agent, ?
MPF, as you will remember, is a protein kinase. It exerts it effects by 
phosphorylating other proteins. We will consider below how each of the 
major events of mitosis is triggered by the phosphorylation of a key 
component. Other M-Cdks besides those in Xenopus work also in the 
same way, so we will, henceforth use the term M-Cdk in our 
discussions.

40



What is the role of M-Cdk in chromosome condensation?
Chromosome condensation, as discussed earlier in the term, is a process by 
which long strands of DNA are wound tightly together with proteins, to make 
compact structures that we see as the clearly defined chromosomes in a 
dividing cell. This condensation process is carried out with the help of protein 
complexes called condensins. Condensins are inactive until they are 
phosphorylated by M-Cdk. Once they are phosphorylated, they begin the 
process of condensation.

How is the nuclear envelope breakdown related to M-Cdk activity?
M-Cdk phosphorylates lamins, the proteins that make up the nuclear lamina. 
Phosphorylation of lamins leads to disassembly of the nuclear lamina, leading 
to breakdown of the nuclear envelope.

Does M-Cdk affect spindle assembly?�Yes, M-Cdk plays an important role 
in the formation of the mitotic spindle. As you know, the spindle is composed of 
microtubules, whose dynamic behavior is altered by M-Cdk. M-Cdk causes the 
phosphorylation of microtubule associated proteins. This leads to stabilization 
of the microtubules involved in the formation of the mitotic spindle.

What happens once the spindle is formed?
The spindle microtubules attach to the kinetochores of the chromosomes and 
begin the process of chromosome movement that ends with the alignment of 
the chromosomes at the metaphase plate at the center of the spindle.

What triggers the remaining stages of mitosis?
The passage of the cell from metaphase to anaphase is dependent on the 
breakdown of certain important regulatory proteins. These proteins are tagged 
for destruction by the addition of ubiquitin to them by an enzyme called E3
ubiquitin ligase, a.k.a. Anaphase promoting complex or APC.

If APC triggers the cell's passage into anaphase, what triggers APC?�All 
the factors involved in activating APC are not clear, although we know that the 
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APC must be bound to another protein and that phosphorylation of the 
complex is needed. We also know that the activity of M-Cdk is necessary for 
the phosphorylation of the complex, but it is not clear whether the APC 
complex is directly phosphorylated by M-Cdk or by another kinase that is 
activated by M-Cdk.
Once activated, the anaphase promoting complex degrades specific proteins, 
whose loss sets the cell on the path to anaphase.

What proteins are degraded by the anaphase promoting complex?
The Anaphase promoting complex is responsible for the degradation of two 
important proteins:
Securin and the cyclin component of M-Cdk itself.

What is the effect of degrading Securin?�Degradation of securin releases 
an enzyme called separase. Separase is now free to break down proteins 
called cohesins that hold sister chromatids together (see Figure 18.29). When 
cohesins are degraded, the connection between the sister chromatids is 
broken, and they can then separate and move to opposite poles of the spindle.

What is the effect of degrading the cyclin component of M-Cdk?
As we noted earlier, M-Cdk is made up of a Cdk and a cyclin, both of which 
must be associated for M-Cdk to be active. If cyclin is destroyed, then the 
levels of active M-Cdk will fall. As M-Cdk levels fall, the cell begins to return to 
its interphase state. The inactivation of M-Cdk also triggers the next stage in 
cell division, which is cytokinesis.
See Figs. 18.5 and 18.11

What happens in cytokinesis?
During cytokinesis in animal cells, a contractile ring of actin and myosin 
filaments forms beneath the plasma membrane. This ring acts to pinch the cell 
in two by the contractile action of the actin-myosin filaments.
See Figure 18.33
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We still don�t fully understanding the regulation of the cell cycle. We 
only have �snapshots� of what happens in specific cases.

§�promoting factors� (internal)
§�growth factors� (external)

§Can activate or inactivate
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MPF = Mitosis Promoting Factor
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Practice Reading Diagrams

https://en.wikipedia.org/wiki/Anaphase-promoting_complex
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The role of Cdk-cycle at the G1 checkpoint is to activate the enzymes 
for DNA synthesis.  It does this by phosphorylating RB which lets go of 
E2F which in turn turns on the genes for DNA synthesis.

When DNA is damaged, the gene p53 is activated.   P53 creates a 
transcription factor protein that turns on the gene that makes p21.  P21 
inhibits cyclin from binding with the Cdk complex and therefore the Rb
cannot be phosphorylated.

Now, what happens if if p53 is mutated?  No p21, no inhibition, Cell 
moves forward and synthesis DNA even if there is damage è NO 
BRAKES!!
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The role of Cdk-cycle at the G1 checkpoint is to activate the enzymes 
ofr DNA synthesis.  It does this by phosphorylating RB which lets go of 
E2F which in turn turns on the genes for DNA synthesis.

When DNA is damaged, the gene p53 is activated.   P53 creates a 
transcription factor protein that turns on the gene that makes p21.  P21 
inhibits cyclin from binding with the Cdk complex and therefore the Rb
cannot be phosphorylated.

Now, what happens if if p53 is mutated?  No p21, no inhibition, Cell 
moves forward and synthesis DNA even if there is damage è NO 
BRAKES!!

STEPS:
An example of inhibitory control:
1. DNA is damaged by some mutagen during G1
2. This inhibits the activity of CDK-cyclin complexes
3. The protein responsible for this inhibition is named p53 (and the gene 
that encodes it, p53); it senses mismatches in the DNA strand.
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4. In the presence of such mismatches, p53 protein activates another protein 
named p21 (encoded by a gene named p21).
5. When p21 is present in high concentration, it binds to CDK-cyclin
complexes in the cell, inhibiting their kinase activity and preventing 
phosphorylation of proteins.
6. Without proper protein phosphorylation, the cell cycle cannot continue until 
DNA mismatches have been repaired.
7. Inhibitory processes are reversed once the DNA mismatches are repaired, 
as p53 levels drop in response to lowered levels of DNA mismatches.
8. As p53 levels drop, the binding capacity of p21 also drops.
9. As p21 levels drop, these proteins diffuse off the cyclin-CDK proteins, which 
then can resume their normal activity.

50



51



52



53



Follow the logic –

If p53 mutates, it can’t initiate production of p21.  Without p21, the 
cyclin/cdk2 will cause E2F to be produced, and e enzyme for DNA 
synthesis will be released.  And the cell will move forward even tho it 
shouldn’t.
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