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A diagram of the Cycle for 
Cell Growth and Division

Problems that a cell faces 
as it gets ready to divide

• It must make enough of all its components 
to provide for both its daughter cells

• For example, there must be enough 
copies of most objects, like ribosomes, 
membranes and mitochondria, that both 
daughter cells will get what they need

• For structures present in limited numbers, 
like the chromosome, a special machine 
must be built that will assure their 
accurate segregation to the daughters



The Mitotic Spindle forms to separate the 
duplicated chromosomes and centrosomes

Problems faced by the mitotic 
spindle in segregating the 

chromosomes

• Eukaryotic cells contain a large 
amount of DNA: 107 – 109 base 
pairs, which corresponds to 
polymers that are millimeters-to-
meters in length, while the cell is 
1000s of times smaller 

• Chromosomes must be segregated 
accurately, because the loss of 
even one will mean the loss of 
many genes, which is usually lethal

Eukaryotic cells contain a 
large amount of DNA

Each human 
Chromosome is
~5,000X longer than 
the diameter of the 
cell nucleus

DNA Released
from a Cell,
Laemmli

Solutions to having so much DNA 

• Package the DNA in pieces, so no one is too big

• Replicate all the DNA before starting to 
segregate it

• Keep sister chromatids coupled until it is time for 
division, so good order can be maintained

• Condense the length of each chromosome by 
many fold before beginning division 

• Develop a special machine that can do the 
segregation job right.
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The  DNA is replicated in the 
S-phase of every cell cycle

How newly made sister 
chromatids are held together

Copies of the cohesin complex
assemble to link sister chromatids
into one mechanical unit

Pollard et al. 2nd ed.
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In preparation for mitosis, the 
chromosomes  condense 

Movie by J.D. Pickett-Heaps, ASCB Video Library

Chromosome behavior in a newt cell
from Prophase through Telophase

Movie by P. Tran, E.D. Salmon, and E. Oldenbourg, 1995

Microscopy with polarized light 
Reveals the fibers of the spindle

The mitotic spindle as seen 
by electron microscopy
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The kinetochore and spindle pole, seen 
closer up
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Spindle action from start to finish,
seen with polarized light

The interzone contains many 
MTs throughout

Dictyostelium spindles
J. Cell Sci. 75:93(1985)

Spindle microtubules are oriented 
with their fast-growing (“plus”) 

ends pointing away from the pole

The appearance of spindles can 
vary a great deal: EM 3D 
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The protozoan, Barbulanympha, 

Seen by phase, light microscopy
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Ritter and Inoue, J. Cell Biol. 77:642 (1978)



Diagram of the Barbulanympha
spindle; it is cytoplasmic while the
chromosomes are nuclear!

Inoue and Ritter, J.Cell Biol. 77:670(1078

How does one understand and deal with 
this kind of variability in form and function? 

Look for features that are consistent.

•  All spindles use microtubules as 
their major fibrous component.  

•  All spindles are organized with 
microtubule plus ends projecting 
out from the spindle poles, 
forming a structure that is  
essentially two-fold symmetric, 
anticipating its action on the 
chromosomes during anaphase.  

How does one understand and deal with 
this kind of variability in form and function? 

Look for features that are consistent.

 •  All mitotic chromosomes have 
attachment sites for microtubules.  

 •  Anaphase always includes the 
separation of sister chromatids, followed 
by their motion in opposite directions 

   In the next lecture, we’ll look 
inside the cell to try to 
understand how this 
remarkable machinery works


