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Mitotic Spindle 

Cell from Newt lung in prometaphase 

kk

Flourescent image of 2 micortubules growing..?
Astral microtubules. Changes just before metaphase…
As they create the mitotic spindle, it becomes a “net”. 
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Some Major Events of Mitosis 

•  Centrosome duplication (G2). 
•  Mitotic spindle formation (prophase). 
•  Chromosome condensation (prophase). 
•  Breakdown of nuclear envelope 

(prometaphase). 
•  Chromosome attachment to MTs 

begins (prometaphase). 
•  The metaphase plate. 
•  Anaphase. 

The Centrosome 
Cycle 

Chromosome pair that will separate into two sister chromatids. 
Just watch a video and read this slide. Spindle handles the compartmentalization
Prophase mitotic spindle begins to “organize” chromosomes? 
-Anaphase, sister chromatids move to different folds. 
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Increased Dynamic Changes 

(Kinesins) 

M-Cdk 
↓MAP activity 

↑Kinesin activity 
↑Dynamic changes of MTs 

Recall from previous lecture: 

(by phosphorylation) 

MAP = microtubule associated proteins. 
catastrophin = kinesins. Accesory protein that can modify the structure of microtubules. This happens as mCDK is activated. 
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Components of the Mitotic Spindle 
1. Microtubules 
•  Astral  
•  Kinetochore 
•  Overlap 
 
2. Motor proteins 
•  Kinesin-related (+) 
•  Dynein (-) 
 
3. Chromosomes (chromatids) 
 
4. Centrosome 
•  Centrioles 
•  PCM 

Curtis Mintah
The first listing are different kinds of microtubules. 

-Kinetichore microtubules are associated with the chromosome pair. 

-Overlapped microtubule originates from a centrosome to the other. 

-Astral microtubules become kinetochore (subjective thought)

-Many microtubules end up getting rejected from the centrosome.. 

There are some microtubules that are no longer associated with the centrosome. 

-centrosome contains centrioles, etc. 
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Motor Proteins Contribute to Spindle Assembly 

•  Multimeric motor proteins “cross-link” antiparallel MTs. 
•  (+) end-directed kinesin-related proteins (KRPs, e.g. 

BimC or kinesin-5). 
•  KRPs self-associate with each other at their tail domains. 
•  Slide overlap MTs past each other. 
•  Promotes elongation of mitotic spindle. 

Curtis Mintah
motor proteins are those spots just above the chromosomes. 

-molecular motors can cause changes in the overall length of the mitotic spindle. 

-These motors walk in different direcitons. 
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Motor Proteins Contribute to Spindle Assembly 

•  Motor proteins cross-link adjacent MTs. 
•  Multimeric (-) end-directed dyneins and kinesin-14 

arrange minus ends. 
•  Creation of foci at spindle poles. 

Curtis Mintah
Dyenin molecules. 

Look at this on own time. 
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Spindle Pole Separation 

•  Prophase 
•  KRPs push overlap MTs. 
•  Dyneins pull astral MTs. 

Curtis Mintah
Tuue wuoioe
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Chromosome Condensation 

•  Occurs at prophase. 
•  Cohesin and condensin have 

similar ATP and DNA-binding 
domains. 

•  Cross-linking. 
•  Most cohesin is replaced by 

condensin during prophase. 
•  Condensation dependent on 

ATP hydrolysis and 
phosphorylation of condensin 
by M-Cdk. 

Cohesin 

Centromere 

Condensin 

G2 Prophase Metaphase 
Cooper and Hausman, 2008 

Cohesin and Condensin are similar. 
-They have DNA binding domains. 
sister chromatid. bridged by coh con. 
-Condensin is dependent on ATP hydrolysis. 
hydrolysis and phosphorylation. You need to hydrolize for condensin. 
-cells are coordinating prep. for nuclear division. 
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MT – Kinetochore Attachment 

•  Prometaphase 
•  Astral MTs “capture” 

kinetochores. 
•  Increases MT stability. 
•  Astral MTs become 

kinetochore MTs. 
•  Bipolar attachment. 

Curtis Mintah
Astral microtubules reach out

Curtis Mintah

Curtis Mintah

Curtis Mintah
It’s the kinetochore of the chromosome that come in contact. 

-A kinetochore might bind to the side of a microtubule. 

-A kinetochore stabilizes a microtubule. 

-Attachement of the kinetochore to the microtubule increases stability. 

-This is what is desired. 

-Eventually, upon attachment, the kinetochore migrates back to the centrosome. 

-It will form a perpendicular attachment with the microtubule. 

-there are a large number of microtubules that are searching to find these kinetochores. 

-bipolar attachment: coming from both sides. 

-
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MT – Kinetochore Attachment 

•  (+) end attached “end-on” 
to kinetochore. 

•  Metaphase 
•  Formation of metaphase 

plate. 
•  (+) and (-) end-directed 

motor proteins provide 
stability of chrosomose 
along equator of spindle. 

(+) (+) 

Curtis Mintah
Here is a imagine of a chromosome pair. Kinetochore is red. 

-green: microtubules coming into contact with red. 

Metaphase, all chromosome alongn the mitotic spindle. 
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MT – Kinetochore Attachment 
Motor proteins: balance at the MT-kinetochore interface. 
•  KRP (i.e. depolymerase) 
•  CENP-E (centromere-associated protein E) 
•  Dynein 

(KRP/catastrophin) 

(Karp 2008) 

Note: Ndc80 not shown 

Curtis Mintah
-microtubules connect to the kinetochore indirectly. 

-Far right, look at the diagram. there is a pull left/right. 

-middle diagram, light blue is a microtubule like in far right. 

-there are molecular motors can now determine which direction the chromosome will go in. 
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MT – Kinetochore Attachment 

Motor proteins: balance by astral ejection force.   

Curtis Mintah
-Because of the attachment of motors close to the tolemere pairs..

-Astromicrotubules. not associated w/ kinetochore microtubules.. 

the chromosome is now the cargo. Motors are going to walk all over it. 
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Consequence of Missing a Motor Protein 

Upper 
•  Normal plate formation. 
Lower 
•  Chromosomes trapped near 

(-) end of MT (poles). 
•  Kinesin protein (Kid) is 

lacking. 

Curtis Mintah
Kid is important in astral rejection force. 

-We’re seeing now forces that are bringing chromosomes in the viciinity of metaphase. Now we have to define details of balancing… 

-Astral rejection force. 

Top right: Mitotic spindle in red. Green= chromosome pairs. 

Top bottom, chromosomes stuck at negative pairs. 
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Poleward flux 

Balance 

Curtis Mintah
Poleward flux is aligning chromosomes at the metaphase plate; chromsomes can be stabilized for anaphase…

-despite the fact that there is stabilization, the relationship between the two structures has to be “plastic”

-We need to be able to add and remove subunits of tubulin. 

top left, chromosome will inch towards middle as tubulin is added. 

-Fine balance that is created. Its called a poleward flux. You add something thats on one side, and then it balances back. 

E.G. Treadmilling, putting a platform down and removing the one at the back as you go. wow! 

-





Summary: balance at metaphase plate 

1.  Motor proteins 

2.  Poleward flux 

15 

Curtis Mintah
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Anaphase A Separation 

•  Poleward (-) movement of 
chromatids by shortening of 
kinetochore MTs. 

1.  MT depolymerization at (+) 
ends by KRPs. 

2.  Continual loss of tubulin at 
(-) ends (i.e. as in poleward 
flux) without addition at (+) 
ends. 

Curtis Mintah
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2 Separation Forces 
1.  MT disassembly drives chromatid movement (below). 
2.  Poleward (or microtubule) flux at onset of anaphase. 

No additional energy required! 

Curtis Mintah


Curtis Mintah
MICROGRAPH CN=AN HLI
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Combined Model for Anaphase A 

•  Kinesin-13 depolymerizes at both 
ends. 

•  Dam1 ring maintains attachment 
between MT and chromatid in yeast. 

•  Depolymerization powers movement. 

(Karp 2008) 

Dam1 ring surrounding a MT 

Curtis Mintah
Causing the microtubule falling apart. 

depolarization of the microtubes powers the movement of ____. 
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Experimental Evidence 

•  MT depolymerization may drive chromatid movement. 
•  Nucleated MTs deprived of tubulin. 
•  Depolymerization of MTs pulls chromosome pair. 
•  Therefore, MT depolymerization provides sufficient 

energy. 

(Karp 2008) 

5 µm 
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Anaphase B Separation 

•  Pulling by motor proteins 
at poles. 

•  Pushing by motor proteins 
at central spindle (i.e. at 
overlap MTs). 

•  Further elongation of 
spindle. 
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Action of Motor Proteins in Anaphase B 

•  KRPs cross-link and push overlap MTs apart. 
•  Dyneins anchored to cell cortex pull themselves toward 

(-) end of astral MTs. 
 

Fly spindle 

Curtis Mintah
so sleeeepyyyyy. 

-
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Things to Consider... 

1.  Are you familiar with the roles of each different type of 
MT during mitosis? 

2.  Motor proteins? 

3.  Think about how chromosomes are balanced at 
metaphase, and how chromatids separate during 
anaphase. 




