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Cytoskeleton
The cytoskeleton is a network of fibers composed of proteins contained within a cell's cytoplasm. The cytoskeletal systems of different organisms are composed of similar proteins. However, structure, function, and dynamic behavior of the cytoskeleton can be very different, depending on the organism and cell type.
Cells contain protein fibers that serve such functions as: 
1- Maintenance of cell shape (e.g., red blood cells, nerve cells, and muscle cells have different shapes).
2- Change in cell shape (e.g., embryonic cells become specialized during development).
3- Movement of cell parts (e.g., some cells creep, some are propelled by cilia or flagella).
4- Chromosome separation in mitosis and meiosis.
5- Intracellular transport of organelles.

[image: http://www.memrise.com/s3_proxy/?f=uploads/mems/3132805000130421090228.jpeg]

The cytoskeleton is made up of three kinds of protein filaments: 
a. Microfilaments (also called actin filaments)
b. Intermediate filaments 
c. Microtubules
[image: http://www.zo.utexas.edu/faculty/sjasper/images/f5.19.jpg]
A) Microfilaments (Actin filaments)
	· Microfilaments are thin, thread-like protein fibers, 3-7 nm in diameter. 
· They are composed of two strands of “actin”.
· Microfilaments are just under the plasma membrane, forming parallel arrays where the membrane contacts the surface of another cell.
· The association of microfilaments with the myosin protein is responsible for muscle contraction.
· Wherever the membrane is under stress, the microfilaments form bundles.
· The division of the cytoplasm of animal cells is caused by bundles of microfilaments that constrict the cell around the middle.
· To move the parts of the cell, microfilaments must be attached to the plasma membrane; vinculin attaches actin to proteins embedded in the membrane.
· Microfilaments can also carry out cellular movements, including gliding, contraction, and cytokinesis. 



[image: Actin microfilament][image: Microfilaments]

B) Intermediary Filaments 
· Intermediary filaments are protein fibers about 8-10 nm in diameter.
· They are rope-like assemblies of fibrous polypeptides with the role of strengthening the cell mechanically.
· The proteins that make up intermediate filaments differ from one cell to another.
· Keratin is an intermediate filament of epithelial cells.
· Different intermediate filaments appear to have homologous regions with identical amino acids.
· Intermediary filaments can be used to determine if a cancer has spread.

	.

[image: Intermediate filament][image: Keratin]
Keratin within a cancer cell
Intermediate filament construction





C) Microtubules
	· Microtubules are straight, hollow cylinders, 20-25 nm in diameter.
·  They are composed of subunits of the protein “tubulin”, these subunits are termed alpha and beta.
·  Microtubules act to determine cell shape and provide a set of "tracks" for cell organelles and vesicles to move on.
·  Microtubules also form the spindle fibers for separating chromosomes during mitosis.
·  When arranged in geometric patterns inside flagella and cilia, they are used for locomotion.
· Microtubules also make up basal bodies, centrioles, cilia, and flagella.

[image: Microtuble structure]
	

	


[image: http://images.tutorvista.com/content/cell-organization/cytoskeleton-structures.jpeg]



Cilia and Flagella
· Cilia and flagella are slender organelles present on the surfaces of cells.
· Each has the same basic structure (and are both called undulipodia).
· They both serve for locomotion, either pulling or pushing the cell or something past the cell.
· They have a 9 + 2 microtubule arrangement, consisting of 9 pairs of microtubules around 2 single ones at the center; other proteins link the microtubules together.
· ATP energy is used to move cilia and flagella; it binds to dynein, which connects the inner and outer microtubules, and causes the outer microtubules to bend.
· The basal body is the organizing center of a cilium or flagellum and is found at the junction of the organelle with the cell membrane; it has a 9 + 0 arrangement.
	[image: Cilium structure]
Cilium structure

	




[image: http://www.biologydiscussion.com/wp-content/uploads/2013/08/66.jpg]
	



	Definition
	Cilia are short, hair-like appendages extending from the surface of a living cell.
	Flagella are long, threadlike appendages on the surface of a living cell.

	Cross section
	Nexin arm present.
	Nexin arm absent.

	Length
	Short
	Longer than cilia, can vary

	Motion
	Rotational, like a motor, very fast moving
	[bookmark: _GoBack]Wave-like, undulating, sinusoidal (wave shape) , slow movement compared to cilia

	Density
	Many (hundreds per cell)
	Few (less than 10 per cell)

	Found in
	Eukaryotic cells
	Eukaryotic and prokaryotic cells

	Etymology
	Pronounced as ‘silly-ah’, is the plural of cilium. From Latin word for eyelash.
	Pronounced as ‘fla-gel-ah’, is the plural of flagellum. From Latin word for whip.



Centrioles
· Centrioles are found in eukaryotic cells (except plants).
· They have a 9 + 0 arrangement.
· The centrioles serve as microtubule organizing centers before cell division.
· The centrioles form 2 new centriole pairs, which separate and pull a spindle between them.
· The role of centrioles in cell division is not clear.
	[image: Centrile cross section]
Centriole cross section showing microtubule triplets

	[image: Centriole]
A centriole of a brain cell



The Cell Wall 
· The cell wall surrounds the cell membrane of plant cells.
· It holds the cell into a specific shape and cements cells firmly to one another; it is made of cellulose and other fibers for structural support.
· It is porous enough to be fully permeable to any substance.
· After cell division, a middle lamella forms between the newly divided cells to separate them and is made of the polysaccharide pectin.
· The plant cells then build an elastic primary cell wall on their own side of the cell wall; it is made of cellulose molecules organized into thin fibers that can slide and allow the cell to stretch.
· A more rigid secondary cell wall may then be built when the cell is full size; wood is composed of such walls; the cellulose has been reinforced with a strengthening material called lignin.
	[image: Cell wall]
Cell wall

	[image: Vein skeleton of a leaf]
Vein skeleton, mostly cellulose, of a leaf



Membrane attachments between cells:
· Animal plasma membranes may be attached to one another by:
· Tight junctions - are areas where plasma membranes are sealed together, forming a barrier so tight that not even small molecules can pass; found in the small intestine.


[image: Tight Junctions]



· Desmosomes - are circular patches of membranes held together by an adhesive coating material in the space between the membranes (protein rivets of keratin), occur in regions of mechanical stress.
[image: http://antranik.org/wp-content/uploads/2011/09/desmosome.png?951378]
Communication between cells
· [bookmark: intro]Plasmodesmata: are narrow channels that act as intercellular cytoplasmic bridges to facilitate communication and transport of materials between plant cells.
[image: http://upload.wikimedia.org/wikipedia/commons/thumb/2/29/Apoplast_and_symplast_pathways.svg/2000px-Apoplast_and_symplast_pathways.svg.png]
· Gap junctions in animal cells are like plasmodesmata in plant cells, they are channels between adjacent cells that allow the transport of ions, nutrients, and other substances; that enable cells to communicate. 
[image: This illustration shows two cells joined together with protein pores called gap junctions that allow water and small molecules to pass through.]
Gap junctions develop when a set of six proteins (called connexins) in the plasma membrane arrange themselves in an elongated donut-like configuration called a connexon. When the pores (doughnut holes) of connexons in adjacent animal cells align, a channel between the two cells forms. Gap junctions are particularly important in cardiac muscle.
	
	


· 
	[image: Cell junction summary]
Summay of the Cell Juntions



[image: http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/CellJunctions.gif]
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