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Essential idea:
• Cell division is essential but must be controlled.

Cell Biology
1.6- Cell Division

Nature of science:
• Serendipity and scientific discoveries
– the discovery of cyclins was accidental. (1.4)

Theory of knowledge:
• A number of scientific discoveries are claimed to be
incidental or serendipitous.
• To what extent might some of these scientific
discoveries be the result of intuition rather than luck?

International-mindedness:
• Biologists in laboratories throughout the world are
researching into the causes and treatment of cancer.

Coiling of DNA
• Chromosomes need to be stored compactly to fit within the
nuclei of cells.
– Human cells are on average 10μm in diameter and the nucelus within
each is less than 5 μm in diameter.
– Human chromosomes are 15mm to 85mm (15,000μm to 85,000 μm) in
length.(and there are 46 of them!)
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Coiling of DNA
• Helix is wound around histone proteins forming a nucleosome.
• Nucleosomes are coiled forming chromatin.

Supercoiling of DNA
• Chromosomes need to be short and compact enough to be
separated and moved to each end of the cell during mitosis.
• Chromosomes condense by supercoiling during mitosis.

Supercoiling of DNA
• During prophase DNA supercoils to form chromosomes
(in IB we call these sister chromatids).
• From anaphase onwards, when sister chromatids have
separated, they should be referred to as chromosomes.

Interphase
• Interphase is a very active phase of the cell cycle with many
processes occurring in the nucleus and cytoplasm.
– G1- just prior to DNA replication, when cell grows in size and organelles
increase in number.
– S- DNA replication occurs; proteins associated with DNA are also
synthesized.
– G2- just prior to cell division; preparation for mitotic cell division (grows).

Mitosis
• Mitosis plays a role in growth, repair, and asexual reproduction
• Mitosis is division of the nucleus into two genetically identical
daughter nuclei.

Prophase
•
•
•
•
•

Chromatin condenses forming sister chromatids (held
together by a centromere).
The nucleolus disappears.
Sister chromatids have no particular orientation.
Spindle begins to assemble as pairs of centrosomes migrate
away from each other.
Microtubules radiate out from the pair of centrioles located in
each centrosome; form starlike asters (animal only).
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Prophase
• Sister chromatids attach to the spindle (kinetochore fibers).
• Nuclear envelope fragments
• Polar fibers (nonkinetochore fibers) span from centrosome to
centrosome.

Anaphase
•
•
•
•

Sister chromatids separate at centromere.
Daughter chromatids (chromosomes), each with a
centromere, move to opposite poles.
Polar spindle fibers lengthen as they slide past each other.
Kinetochore spindle fibers disassemble at the kinetochores;
this pulls daughter chromatids (chromosomes) to poles.

Cytokinesis In Plant Cells
• Golgi apparatus produces vesicles that move to the midpoint
between the daughter cell nuclei.
• Vesicles fuse, forming a cell plate.
• Vesicles also release molecules that signal the formation of
plant cell walls.
• Later, walls are strengthened by the addition of cellulose fibrils.

Metaphase
•
•

Sister chromotids are attached to
kinetochore fibers and are aligned at the
metaphase plate.
Nonattached spindle fibers (polar,
nonkinetochore) fibers overlap.

Telophase
• Spindle disappears.
• Chromotids decondense and return to chromatin (still
call them chromosomes).
• Nuclear envelope reforms.
• Nucleoli reappear

Cytokinesis in Animal Cells
• Cleavage furrow forms between the two daughter nuclei.
• Cleavage furrow deepens as band of actin filaments slowly
constricts between the two daughter cells.

3

11/3/2015

•
•
•

Influences on Cell Cycle

Specialized Cells

Growth factors (regulatory substances) may be necessary.
Cell density (density–dependent inhibition)
Cell size(SA/V) is main indicator of cell division.

• Some cells (e.g., skin cells) divide continuously throughout life.
• Other cells (e.g., skeletal muscle cells and nerve cells) are
arrested in the G1 stage.
• Still other cells, such as cardiac muscle cells, are arrested in
the G2 Stage.
• Cyclic molecule levels create the cell cycle control system

End

Discovery of Cyclin

Cyclins

• Discovered by R. Timothy Hunt in 1982 while studying the cell
cycle of sea urchins. (nobel prize 2001)
• The name "cyclin" was originally named after his hobby cycling.
• It was only after the naming did its importance in the cell cycle
become apparent.

• Cyclins are involved in the control of the cell cycle.
• A family of proteins that control the progression of cells through
the cell cycle.
• Cells cannot progress to the next stage of the cell cycle unless
the specific cyclin reaches it threshold.

Controversial
comments on
women in 2015

Cyclin Proteins
•
•
•

Cycle at different concentrations in cell division.
Bind to enzymes called cyclin-dependent kinases (CdKs).
CdKs activate enzymes and attach phosphate groups to other
proteins in the cell.

Cyclin Proteins
•

•

The attachment of phosphate triggers the other proteins to
become active and carry out tasks (specific to one of the
phases of the cell cycle).
One kinase destroys cyclin (MPF- Maturation promoting
factor).
Back
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Cancer
• Mutagens, oncogenes and metastasis are involved in the
development of primary and secondary tumors.
– A primary tumor is the name for where a cancer starts.
– A cancer that spreads to other parts of the body is called a secondary
tumor .

Tumor-Supressor Genes
• A family of normal genes that instruct cells to produce proteins
that restrain cell growth and division.
• Loss of such proteins allows a cell to grow and divide in an
uncontrolled fashion.

Mutagens
• A mutation is a change in an organisms genetic code.
• A mutation/change in the base sequence of a certain genes can
result in cancer.

Mutagens
• Agents that cause gene mutations:
–
–
–
–

Chemicals (carcinogens)
High energy radiation such as X-rays
Short-wave ultraviolet light
Some viruses (HPV)

Oncogenes
• Cancer-causing genes
– May code for cyclins that no longer function as they should.
o Ordinarily a cyclin combines with its kinase only when a growth factor
is present.
o Cyclin that has gone awry combines with its kinase when growth
factor is absent, resulting in a tumor.

Metastasis
•
•

Benign tumors stay at original site.
Malignant tumors have the ability to metastasize (spread).

–
–
–
–

Primary tumor vascularizes (angiogenesis)
Cell invades blood or lymph vessels
Adheres and invades secondary tissue
Undergoes angiogenisis and growth

Back
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Serendipitous Discoveries
• 1839- American Charles Goodyear accidentally dropped his rubber
concoction on a hot stove. What he discovered was a charred leather-like
substance with an elastic rim.
• 1895- German physicist Wilhelm Roentgen was performing a routine
experiment involving cathode rays, when he noticed that a piece of
fluorescent cardboard was lighting up from across the room.
• 1928- Scottish scientist Alexander Fleming was researching the flu when he
noticed that a blue-green mold had infected one of his petri dishes - and
killed the staphylococcus bacteria growing in it.

Serendipitous Discoveries
• 1941- Swiss engineer Georges de Mestral found burrs clinging to his pants
and also to his dog's fur.
• 1945- American engineer Percy Spencer, while working for Raytheon,
walked in front of a magnetron, a vacuum tube used to generate
microwaves, and noticed that the chocolate bar in his pocket melted.
• 1964- American radio astronomers Robert Wilson and Arno Penzias. While
working with the Holmdel antenna in New Jersey, the two astronomers
discovered a background noise that left them perplexed.

Back

Purpose of Cell Division
•
•
•
•

Reduce SA/V ratio (increases efficiency).
Asexual reproduction.
Growth (size) and Development (differentiation)
Replace dead or damaged cells.

Back
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