BIO1140 Lecture 6 cont. – February 4, 2011
Dynamic Character
· Can be stable or unstable; as with microfilaments, there is a whole quite of proteins that regulate the formation of microtubules and drugs that can be used to manipulate microtubules; ex. colchicine – prevents tubulin monomers from adding on to microtubules, prevents polymerization by sequestering monomers, microtubules tend to break down, ex. taxol – stabilizes the microtubules, stabilized into structure they have neither grow nor shrink (useful in cancer cells)

· Important microtubule binding proteins are found in MTOC’s; once there is a template in place, microtubules can grow rapidly; hard to start growth; MTOC’s speed up nucleation of microtubules; organize them and anchor them in the in cell in a particular pattern; centrosome is an example of a microtubule organizing centers; gamma tubulin binds microtubulin; binds at minus end of the microtubule; plus end is facing away from the MTOC

Functions
· Movement of objects around the cell; function of MTOC are important; MTOC anchors the minus ends of the microtubules and plus ends extend out from that forming a network to organize placement of organelles; they can also be used as a track to move molecules and organelles around the cell with motor protein involvement; 2 motor proteins that work with microtubules; kinesins and dyneins; kinesins and dyneins– similar to myosin pairs, globular heads that are motor domains; hydrolyze ATP; longer tail regions that can be used to hold 2 motor proteins together and that can also be used to tether cargo to motor protein so things can be moved; one difference between kinesisn and dyneins; kinesins move towards + end and dyneins move towards minus end of the microtubule; what happens is things can be moved out of the MTOC towards the periphery of the cell by kinesins; dyneins bring things back towards the center of the cell; both are families of proteins
· Axonal transport; axons of neurons; neurons are nerve cells; unusual – can be extremely large; some axons can be over a metre long; typical structure is to have cell body that contains metabolic machinery of the cell; the axon still has to be supported; still needs ATP but doesn’t contain synthetic material; neurotransmitter needs to be moved from cell body to axon; diffusion too slow; make use of microtubule transport; in neurons, microtubules in axons are organized by centrosome; minus ends towards nucleus, plus ends towards ends of the axon; highway to transport out and back again; this shows an array of microtubules within axon of the neuron; process is much more rapid than diffusion alone could be
· Chromatophores in fish (pigment containing cells; fish amphibians and reptiles; lower vertebrates; have cells called chromatophores to regulate skin colour; contain pigment granules; animal has control over movement of pigment in the cell to allow it to control skin colour; if the pigment granules disperse out to the edge of the cell, overall dark tone to the anima; if the pigment granules move towards center of the cell, background colour shows through and there is a light coloured animal; movment of granules is under animal’s control; neural and hormone controls; if animal is stressed, they promote aggregation of the pigment granules; retreat back to center of the cell by dyneins in the minus direction; stressed fish and frogs are often much lighter in colour; processes driven by kinesins and dyneins

· Urea excretion in toadfish; toadfish excrete urea; each time it gets rid of urea, plasma urea falls; controls pulses; turns on mechanism – gets urea transporter to be activated in order to excrete urea; involves microtubules; movement of vesicles along microtubules; clear vesicles contain urea transporters; in membranes of vesicles; when animal wants to get rid of urea, moves vesicles to plasma membrane where it fuses with membrane to allow excretion to occur; urea excretion mechanism is based on microtubules

· To move cells; built into structures like cilia and flagellum; structures are virtually identical, at larger level there are differences between cilia and flagella; cilia are shorter, flagella are longer; tend to be many cilia covering whole cell where there at most 1 or 2 flagella; cilium does rowing action or strokes in one direction and then bends back; flagella does sine wave that passes along whole structure; longer, fewer and more of a waving type action for flagella, cilia have rowing action; both are used to move cells; cilia can be used to move things over a cell; the cell is staying still, the movement of the cilia is to move fluids over top of the cells; flagella are always used to move the cell; 
· Structure is almost identical inside; plasma membrane; axoneme – 2 microtubules at center of the wheel; 9+2 arrangement; 9 pairs of microtubules extending around central pair; each doublet consists of one microtubule called A microtubule and then piggybacked on is partial microtubule called the B microtubule; 2 things are linked together; share a wall in common; called a doublet; 9 doublets surrounding central pair giving 9+2 arrangement; to hold everything in place there are a variety of protein connections; spokes and nexin links; nexin links – tie doublets together; spokes – connect extending pairs to central pair; basal body – single centriole that anchors minus end of the MTs; cilia and flagellum move with axonemal dyneim; anchored to A tubule and extends to B tubule; walks along B tubule (motor protein); causes tubules to slide past eachother; because the filaments are anchored together, they do not slide freely past eachother; whole structure bends; level of control over this process; type of action that allows cilia and flagella to move
· Cell division; microtubules are important part; during cell division, major role is played my mitotic spindle; microtubule array; in animal cells, early stages involves duplication of centrosomes; each pair then migrates out to one side of the cell; two poles; centrosome at each end of the cell; this forms mitotic spindle that is involved in dividing chromosomes; links two chromosomes together; important in dividing the cells; microtubules that don’t hook up with chromosomes stretch out towards center of the cell polar microtubules; linked to kinetichores; pull chromosomes towards two ends of the cell; action of motor proteins walking along microtubules; involed polar microtubules not linked to chromosomes; overlap in center of the cell; motor proteins can extend between them; anchored to one and walk along the other; pull microtubules apart while walking; at midpoint of mitotic spindle, microtubule array forms and pinches into two
