Cytoskeleton
· Functions
· The provision of structure and support
· Intracellular transport
· The positioning of organelles within the cell 
· The generation of force for movement
· Contribution to cell division

Microtubules
· hollow tubes which are stiff
· about 25nm
· 2 different types: 
· cytoplasmic- on the body of a cell, they are very dynamic
· axonemal – on cilia or flagellum, very stable
· Structure
· Alpha and beta tubulin
· Both globular
· Non covalent interaction – stable
· Come together to become a heterodimer
· Protofilament
· Positive end = b-tubulin (top)
· Negative end = a-tubulin (bottom)
· Microtubule is 13 protofilaments
· New tubulins are added to the + end
· Dynamic character
· B-tubulin when bound to GTP polymerization occurs and more likely to join a protofilament
· Once the GTP is turned to GDP and is already attached to a dimer it is more likely to disassociate 
· Lots of GTP around then the microtubule grows, if in short supply the microtubule shrinks
· Called tread milling when the microtubules grows and hydrolyses the negative end at the same rate
· If there isn’t enough GTP tubulin cannot grow fast enough and the negative end catches up with it then it will start to shrink and this is called catastrophe
· Dynamic instability model
· Rate of hydrolysis> rate of tubulin GTP addition 
· The balance between the growth and shrinkage
· Microtubule- associated proteins
· Stabilize the microtubules
· Regulated the assembly and stability
· Controls the arrangement
· Useful drugs
· Colchicine – prevents polymerization which breaks down the microtubule, stops the formation of microtubules and can collapse them
· Taxol – stabilizes the microtubules by prevention of hydrolysis
· Inhibits cell division and cancer cell divides rapidly so they are the most effective
· Microtubule-organizing centers (MTOC)
· Provides a template for microtubule to grow on
· Gamma –tubulin acts as template to initiated assembly
· + end extends out and negative end is connected in the center
· EX: centrosome= centrioles with percentriolar material, basal center that anchor in cilia and flagellum with the negative end anchored into it with +end at the tips.
· Gather aB-tubulin, increasing the likely hood of a microtubule forming
· Functions
· Intracellular motility via motor proteins
· ATP driven motors
· Globular head that is the motor domain, under goes conformation changes to walk along the cytoskeleton
· Creates a highway for the cell
· 2 motor proteins
· Kinesins
· A dimer of two molecules wrapped together
· Head, hydrolyses ATP to conformer and change.
· Cargo attached to tail
· Moves towards + end.
· Dyenin
· Moves toward the – end
· Cargo attached to base
· Cell Division
· Involved in the mitotic spindle
· Centrosomes are duplicated that move to the ends of the cell in animal cell
· Organized by chromosomes in plant cells, no centrosome is involved
· If the microtubule bumps into chromosome then it will connect to the kinetochore (the point where two chromosomes are joined). The kinetochore tubules link to the chromosomes. 
· These kinetochore tubules are important in separating the chromosomes. Motor proteins walk along the microtubules pulling the chromosomes apart. As the motor protein walks it dissociates the tubulin leaving dimers behind it. 
· If they miss the chromosomes then they will extend until they hit a microtubule that is coming from the other end of the cell. 
· The polar microtubules are used to separate the cell. The polar MT’s extend to the center of the cell and motor proteins pull them towards each other and slide the centrosomes apart and begins cytokinesis in the center.
· Cellular Motility
· Cilia is shorter than flagella, there are many cilia and not many flagella
· Flagella moves like a wave and cilia are stiffer and have a rowing stroke
· Flagella move the cell around and cilia can move the cell around but are mostly used to stuff across the cell
· They both have 9+2 structure, 2 central microtubules with 9 dublets- pair of microtubules, a tubule is complete and partial b tubule.
· Motor protein used is axonemal dyenin is attached to one tubule and reaches across to the adjacent one and walks along the b-tublin, because the tubule is attached by nexon connections they cant move very far so they just bend a little bit.
· Examples:
· neurons have a microtubule system called axonal transport
· chromatophores, pigment granules that can move along microtubules - colour changes in fish, amphibians and reptiles, towards the outside will make them dark, towards the middle will make the frogs ligher

Microfilaments
· Structure
· around 7 nm diameter
· Actin
· Native conformation of a U shape
· ATP or ADP binds to actin and polymerizes in a linear formation in the middle of the U
· G-actin are globular proteins and when combined together to be called F-actin (filamentous) of the polymer of G-actin
·  Two actin filaments wind together to get a microfilament 
· Dynamic character
· ATP polymerizes (growth), once it is hydrolyses into ADP it will most likely dissociate (breakdown)
· Treadmilling can also occur in microfilaments
· No dynamic instability does not seem to happen with microfilaments
· Meaning they don’t get rapid growth or rapid decay
· Actin –binding proteins regulate the rate and form of polymerization and network formation 
· Bind to actin monomers to prevent them from polymerizing- monomer sequestering proteins
· Ones that start the formation of microfilaments – monomer nucleating proteins
· Caps on the plus end to stop the microfilament to stop growing – cap Z
· Bind microfilaments to cell membrane or to each other (cross-linking or bundling)
· Activated by cell signaling from the cell by the regulation process of the cell
· Useful Drugs: 
· Cytochalasin: prevents actin monomers from polymerizing, increase the likely hood that the microfilaments will collapse
· Phalloidin: binds to microfilaments and prevents them from breaking down
·  Functions
· Shape and support
· Cell cortex – networks of microfilaments around the edge of the cell, often linked to the cell membrane to be a supporting structure under the cell membrane (plant cells and fungi because of their cell wall)
· Microvilli – bundles of microfilaments supports each finger of the microvilli, the positive end extends out and the negative end is at the bottom of the microvilla that are linked to the cell membrane, also capping proteins at the positive end and bundling proteins so they can stay together
· Adherens junctions(cell to cell)- focal adhesions (cell to substrate) – support the cell to cell junction or substrate, the microfilaments reinforce them so they don’t rip apart.
· Motility
· Muscle 
· Motor protein binds to microfilaments is myosins
· Globular head that binds to microfilament and hydrolyses ATP and has a tail where the cargo can be attached 
· Move towards +end
· Basic unit of a muscle is a sarcomere, microfilaments are organized with their + end towards the capped z
· Sarcomere- binded by two z-lined with a cap Z that stabllizes them
· Myofibril is a linear array of sacromeres together
· Thick filament
· Made up of myosin proteins in between the microfilaments
·  Two bundles end to end with myosin heads sticking out ready to attach to the microfilaments
· Titin holds this all together
· How it works?
· Filaments slide over each other, thick over thin by the action of myosin motor walking towards the +end (Z-line)
· As the muscle contracts the sarcomeres become smaller 
· Cross- bridge cycle is the pattern of the movement of the motor myosin. It binds to microfilament then hydrolyses and changes conformation and is a step. (requires Ca 2+ and ATP) It drive the sliding filaments.
· Cytokinesis 
· Microfilaments form rings around the center of the cells
· -tails facing each other and positive at the other end with myosin binding together and pulling them together. (cleavage furrow)
· During cytokinesis become smaller and smaller and the cleave becomes deeper which creates two independent cells
· Vesicle Movement
· Pull cargo along the microfilament with myosin as the driver 
· Usually moved in the peripheral area of the cell, local movement in the cell cortex
· Cell crawling
· Polymerization of actin to push out a part of the cell and the rest of the cell to catch up 
· Microfilaments grow where it wants to extend out and motor proteins are used to the back forward
· EX: pseudopodia, lamellipoda (cell migration and invasion)
· Phagocytosis- reaching out to grab something 

Intermediate Filaments
· Structure
· 10-12 nm in diameter
· strong and ropelike
· Family of fibrous proteins to make intermediate filaments
· 60 different proteins that can be used 
· ex: keratin, neurofilament, proteins, nuclear lamins
· Tissue specific 
· Each protein has a fibrous and alpha helix structure
· [bookmark: _GoBack]Two of them wind together in a structure called a coiled coil
· This dimer joins with another dimer to form a protofilament 
· To change them into a intermediate filament you stack them together and wind them all together, usually 8 protofilament 
· No polarity so doesn’t matter what direction
· No motor proteins
· Dynamic character
· Relatively stable but do turnover
· Functions
· Mechanical strength in animals cells (cytoplasmic IFs) 
· Ex kertain IF’s link to desmosomes and hemidesmosomes
· Only nuclear lamins in other eukaryotes, support the nuclear envelope 
· EX: hagfish slime = mucins + intermediate filament bundles + seawater

CILIA VS MICROVILLA
· both fingerlike projections out of the cell membrane
· the projection is supported by cytoskeletal elements
· cilia (microtubules) – axonemal dyenin and microvilla –no proteins (microfilaments)
· +end at the top and –end at the base
· their functions are different
· cilia are involved in movement(move the cell or move over the cell)
· microvilli used to increase surface area for absorption
· Microtubules binds with GTP with microtubule network center and Microfilament binds with ATP no microfilament network center

Pop Quiz
1. Actin vs Tubulin vs Keratin: Actin binds ATP, Tubulin binds GTP and keratin doesn’t bind anything. Tubulin consists is two polypeptide that binds together, keratin and actin is a single polypeptide. Keratin is fibrous protein where actin and tubulin is globular. Actin in microfilaments, tubulin is found microtubules and keratin is an intermediate filament.
2. Cross bridge cycle: motor protein activity, where myosin is moving along actin as a microfilament. Myosin binds to actin hydrolyses ATP and binds to the actin. It is important because it is the base of muscle contraction.
3. What is function of intermediate filaments? And how does the structure help? Holds the cell together and the structure. It is very stable. They are fibrous proteins that wind together and get out into a larger unit that looks like a rope that is unlikely to break down. 
4. What would the use of AP.PNP(cannot be hydrolyzed)  instead of ATP impact on…
a. Microfilaments? Make up of actin that binds ATP so then the microfilaments would not break down because they will not get hydrolyzed. 
b. Microtubules? They don’t use ATP so it wouldn’t effect them
c. Intermediate filaments? They don’t use ATP either.
d. Motor proteins? The cross bridge cycle will be stopped because ATP will not get hydrolyzed to unbind.


MYOSIN VS KINESIN
· Remove the microtubules, if the stops then it was kinesin and if it doesn’t it probably is myosin motors.
· To remove the microtubules or microfilaments, you use  a drug to prevent polymerization.
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