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Mitosis & the Cell Cycle

The purpose of mitosis is to replicate a cell into two genetically 
identical copies

• Growth & Development

• Tissue Regeneration/Repair genetically 
identical
daughter cells

Mitosis & the Cell Cycle

The cell cycle is carefully controlled to prevent the cell from 
dividing with mutations or other problems

• Interphase - Cell is growing and preparing for mitosis

• Mitosis - Cell is dividing

Checkpoints occur in which 

enzymes block the cell cycle 

from progressing until certain 

conditions are met
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Mitosis & the Cell Cycle

Mechanisms that prevent cell division:

• Cell Cycle Regulator Proteins  (including tumor suppressors)

• Senescence (loss of telomeres resulting in G0 phase)

• Crowding (cell-cell communication)

• Barriers (cell-cell communication)

• Lack of blood supply 
(oxygen and nutrients)

• Apoptosis

Mitosis & the Cell Cycle



3

Mitosis & the Cell Cycle

The cell cycle is carefully controlled to prevent the cell from 
dividing with mutations or other problems

• Interphase - Cell is growing and preparing for mitosis

• Mitosis - Cell is dividing (takes about 80 minutes)

prophase
metaphase anaphase

telophase

Interphase
Note that this occurs prior to the start of mitosis 

The cell starts out with relaxed DNA called chromatin. But then 
the strands unzip exposing free base pairs 

Nucleotides bond to the free base pairs on each strand of DNA 
creating two double stranded DNA that are identical to the 
original chromosome before its strands of DNA unzipped. The 
two new identical chromosomes (called chromatids) are held 
together by a centromere. (Note that this occurs prior to the start 
of mitosis)
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Prophase

The DNA condenses and the 
nuclear envelope dissolves. The 
mitotic spindle starts to develop 
from the centrioles (Note that 
this is the start of mitosis)

Metaphase

The chromatids line up along the 
center of the cell. Their centromeres 
attach to fibers of the mitotic spindle. 
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Anaphase

The fibers of the mitotic spindle 
shorten causing the chromatids to pull 
apart so that one of the identical 
strands of DNA for each chromosome 
goes to one side of the cell, and the 
other moves towards the opposite side 
of the cell. This results in each new 
cell having a full set of chromosomes. 

Telophase & Cytokinesis

The nuclear envelope begins to reassemble around each 
set of chromosomes. The cell membrane pinches off 
between each full set of chromosomes, forming two 
cells. Notice that each cell has a full set of chromosomes 
identical to the original cell. 

The DNA strands of the chromosomes relax, forming 
chromatin. Except for any copying errors (mutations) 
that may have occurred, the two resulting cells have 
identical DNA to the original cell. 
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interphase

metaphase

anaphase

Cytokinesis

telophase

prophase
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• What is the difference between chromatin and chromosomes?

• What is the role of the centromere? (What would happen without it?)

• What is the difference between a chromatid and a chromosome? 

• What events must happen in order for two sister chromatids to separate from 
one another and move to opposite sides of the cell? (What happens at the 
centromere? What happens to the centromere? What is the role of the mitotic 
spindle?) 

• What would happen if two sister chromatids moved to the same side of the cell?

• What happens to the mitotic spindle after mitosis?

Practice Questions
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• What is the difference between chromatin and chromosomes?

• What is the role of the centromere? (What would happen without it?)



9

• What is the difference between a chromatid and a chromosome?

• What events must happen in order for two sister chromatids to separate 
from one another and move to opposite sides of the cell?

• What happens at the centromere? 

• What happens to the centromere? 

• What is the role of the mitotic spindle?
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• What would happen if two sister chromatids moved to the same 
side of the cell?

Nondisjunction

• What happens to the mitotic spindle after mitosis?
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• Cell Division (mitosis)

� Cells must copy their chromosomes 
(DNA synthesis) before they divide so 
that each daughter cell will have a copy

� A region of the chromosome remains 
uncopied (centromere) in order to hold 
the sister chromatids together

– Keeps chromatids organized to help 
make sure each daughter cell gets 
exactly one copy

– Nondisjunction is when sister 
chromatids do not assort correctly 
and one cell ends up with both 
copies while the other cell ends up 
with none

DNA Synthesis

• DNA Synthesis

� The DNA bases on each 
strand act as a template to 
synthesize a complementary 
strand

• Recall that Adenine (A) 
pairs with thymine (T)
and guanine (G) pairs 
with cytosine (C)

� The process is 
semiconservative because 
each new double-stranded 
DNA contains one old 
strand (template) and one 
newly-synthesized 
complementary strand

DNA Synthesis
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DNA Synthesis

• DNA Polymerase
� Enzyme that catalyzes the covalent bond between the phosphate of one 

nucleotide and the deoxyribose (sugar) of the next nucleotide 

DNA Polymerization

3’ end has a free deoxyribose 

5’ end has a free phosphate

DNA polymerase:

� can only build the new strand in 
the 5’ to 3’ direction 

� Thus scans the template strand in 
3’ to 5’ direction

DNA Synthesis
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Initiation

• Primase (a type of RNA polymerase) builds an RNA primer
(5-10 ribonucleotides long)

• DNA polymerase attaches onto the 3’ end of the RNA primer

DNA Synthesis

DNA polymerase

Elongation 

• DNA polymerase uses each strand as a template in the 3’ to 5’
direction to build a complementary strand in the 5’ to 3’ direction

DNA Synthesis

DNA polymerase



14

Elongation 

• DNA polymerase uses each strand as a template in the 3’ to 5’
direction to build a complementary strand in the 5’ to 3’ direction

� results in a leading strand and a lagging strand

DNA Synthesis

Leading Strand
1. Topisomerase unwinds DNA and then Helicase breaks H-bonds

2. DNA primase creates a single RNA primer to start the replication

3. DNA polymerase slides along the leading strand in the 3’ to 5’ direction 
synthesizing the matching strand in the 5’ to 3’ direction

4. The RNA primer is degraded by RNase H and replaced with DNA nucleotides by 
DNA polymerase, and then DNA ligase connects the fragment at the start of the 
new strand to the end of the new strand (in circular chromosomes) 

DNA Synthesis
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Lagging Strand
1. Topisomerase unwinds DNA and then Helicase breaks H-bonds

2. DNA primase creates RNA primers in spaced intervals

3. DNA polymerase slides along the leading strand in the 3’ to 5’ direction 
synthesizing the matching Okazaki fragments in the 5’ to 3’ direction

4. The RNA primers are degraded by RNase H and replaced with DNA nucleotides 
by DNA polymerase

5. DNA ligase connects the Okazaki fragments to one another (covalently bonds the 
phosphate in one nucleotide to the deoxyribose of the adjacent nucleotide)

DNA Synthesis

Topoisomerase - unwinds DNA

Helicase – enzyme that breaks H-bonds 

DNA Polymerase – enzyme that catalyzes connection of nucleotides to form complementary 
DNA strand in 5’ to 3’ direction (reads template in 3’ to 5’ direction)

Leading Strand – transcribed continuously in 5’ to 3’ direction

Lagging Strand – transcribed in segments in 5’ to 3’ direction (Okazaki fragments)

DNA Primase – enzyme that catalyzes formation of RNA starting segment (RNA primer)

DNA Ligase – enzyme that catalyzes connection of two Okazaki fragments 

DNA Synthesis
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Web Resources

DNA Replication (synthesis)

• http://highered.mcgraw-hill.com/sites/0072556781/student_view0/chapter11/animation_quiz_2.html

• http://www.wiley.com/college/pratt/0471393878/student/animations/dna_replication/index.html

• http://www.biostudio.com/d_%20DNA%20Replication%20Coordination%20Leading%20Laggin
g%20Strand%20Synthesis.htm

• http://www.biostudio.com/d_%20DNA%20Replication%20Nucleotide%20Polymerization.htm

• http://www.dnalc.org/resources/3d/DNAReplicationBasic_w_FX.html
(download this video file from the website to view it without interruptions)

• http://www.stolaf.edu/people/giannini/flashanimat/molgenetics/dna-rna2.swf

• http://www.bioteach.ubc.ca/TeachingResources/MolecularBiology/DNAReplication.swf


