BIO1140 Lecture 5 cont. – February 1, 2011
Dynamic Character
· Microfilaments have polarity; stacked together; one end, the + has accessible ATP

· Actin with ATP bound to it is more likely to polymerize; + end grows; once bound into microfilament, ATP is hydrolyzed to ADP; more likely to dissociate; ADP G-actin dissociates quite readily; - end of the filament dissociates

· Depending on the rates of 2 processes, microfilaments can grow, stay the same size, or shrink

· Gives the cell a lot of flexibility in controlling microfilament formation and shape of microfilament; slow part is getting first few monomers together; called nucleation; variety of proteins within the cell that help nucleation

· There can be nucleating proteins that organize initial monomers and speed up polymerization of microfilaments; proteins that mind to actin monomers and prevent them from binding to the microfilament – they slow formation; proteins that facilitate the formation of microfilaments; proteins that break down microfilaments – depolymerisation; capping proteins will slow down the growth of microfilaments by blocking the microfilament from growing; proteins that can bind microfilaments together in different ways; all called actin binding proteins

· Actin proteins are responsive to cell signalling pathways; the cell is able to control growth and placement of microfilament for particular purpose requires

· Drugs that are useful in microfilaments; cytochalisin – prevents actin from polymerizing, new microfilaments cannot form, old ones cannot grow, microfilaments tend to disassociate; phalloidin – stables microfilaments, neither grow nor shrink, any process relying on dynamic nature of microfilaments is inhibited

Functions of Microfilaments

· Shape and support of the cell; particulary animal cells

· Motility; movement within the cell, movement of entire cell, movement of part of the cell

· Shape and support; variety of different ways that microfilaments give cells shape and support; true in animal cells because they lack a cell wall; important in supporting the cell membrane; in animal cells, network of filaments called the cell cortex; lies beneath the cell membrane; connected to the cell membrane by peripheral membrane proteins; bundles of microfilaments in some places; ex – microvilli – small cell extensions, elaboration of cell membrane, involved in transport, they can be found in places where transport is important, narrow diameter, numerous extensions of the cell membrane, their shape is given by a regular array of microfilaments bundled together into parallel fibers, all microfilaments are oriented the same way, + end at tip, - end at the bottom, stabilized by actin binding proteins, linked together by actin binding proteins, linked to the plasma membrane, provides shape of microvillus and rigidity for the microvilli to stand upright; as the cell changes, the cell cortex changes shape; microfilaments play a role at cell junction – adherence junction; protein plaques that allow cells to stick together are stabilized by microfilaments

· Motility; for cell motility, motor proteins are required; motor proteins are a particular category of proteins; considered to be molecular motors; can take chemical energy of ATP and convert it to movement; ATP dependent motor; uses hydrolysis of ATP to move along a microfilament or microtubule; motor proteins for both microfilaments and microtubules; microfilaments and microtubules act as a track in the cell that motor proteins step along; each step requires the hydrolysis of ATP; without ATP, motor proteins stop; the structure of motor proteins allow them to bind to cytoskeleton and to walk along the cytoskeleton; the motor protein attaches to either microfilament or microtubule (track in the cell) and hydrolyzes ATP to move along that track one step at a time; motor proteins that work on microfilaments are myosins; common structure; they all have globular head domain that is considered to be motor domain; head binds to actin filament and hydrolyzes ATP; globular head is the motor domain binds to actin and hydrolyzes ATP; extending form the globular head is a tail that can be used to tie up cargo to the motor or to tie multiple myosin molecules together; the whole thing (head and tail) is considered to be a heavy chain; myosins are made up of atleast one (sometimes several) heavy chains with associated light chains; interested in heavy chain; need 2 motor proteins; cannot run the risk of floating away; one needs to be anchored to microfilament; myosin is a motor protein that moves towards + end of the microfilament; actin and myosin generate movement; 

· ex. skeletal muscle – muscle that is attached to skeleton under voluntary control; putting hand up; the unit that is responsible for contraction is sarcomere; runs from one Z line to second Z line; length of sarcomere is Z line to Z line; extending out from Z line are microfilaments; + end is stabilized and capped by the Z line (contains capping protein to stabilize); interdigitated are clusters of myosin molecules arranged so tails are wounded together with globular heads sticking out at intervals; 2 bundles that are oriented tail to tail; bare tails in the middle and on either end there is a region where globular heads of the molecules stick out from backbone; the reason for this is that the globular heads are what binds to the actin filaments; movement of myosin motor proteins against actin that allows muscle to contract; within sacomere, two Z lines with microfilaments sticking out; as thick filaments move along, muscle will contract; linking up sarcomeres in a series will make up myofibril; muscle cell contains a bunch of myofibrils lined up together; strings of sarcomeres; sarcomeres are what contracts; muscle contraction is based on cycle of movement of myosin; myosin binds to actin filament; hydrolyzes ATP as it walks; lets go and repeats the cycle; each step the myosin globular heads bind to actin, hydrolyze ATP, and undergo conformation change, let go and bind at a new point and start the process again; each step requires hydrolysis of ATP; by doing this, the thick filaments and thin filaments slide over eachother; length of the sarcomere is reduced; the filaments themselves stay the same length but think and thin filaments slide over eachother; basis of muscle shortening; cross bridge cycle is basis of muscle movement; muscle is said to move according to sliding filament model; as long as ATP is present, the cycle can continue; does require calcium as well; how muscle contraction is turned off and on
· Muscle cells are special because they have large arrays of myosin and actin filaments; can get small arrays that contractile structures in other cells; actin filaments and myosin in smaller array; still involves myosin II; one of the nicest examples of contractile apparatus in non-muscle cell is in cell division in animal cells; when animal cells divide, contractile array forms; at the point where cell divides, microfilaments with myosin II molecules forms at midpoint; myosin walking along microfilaments contract and the 2 cells separate and form daughter cells

· Not all motion requires contractile assemblies; sometimes require polymerization of actin; different types of movement; fibreglasses in animals body; cell can migrate around; movement of amoeba – pseudopodia that extend out and body of amoeba follows; phagocytosis – pseudopodia surrounding something cell wants to engulf; all of these are based on microfilament arrays; what drives this type of movement is polymerization of microfilaments; amoeboid movement and cell migration and cell invasion or wound healing and phagocytosis where part of the cell is moving; these types of movement are called cell crawling and rely on polymerization of microfilaments; in this case, array of microfilaments forms at the point where the cell wants to extend out; array of microfilaments that pushes out the plasma membrane to form cell extensions; can be broad sheet of cytoplasm or finger like projections or pseudopodia; extensions of the cell body are driven by actin filaments forming and pushing out the cell membrane; for this type of movement, need the cytoplasm or an extension to form; driven by polymerization; array of microfilaments will start o grow in the direction where the cell extends; pushes out cell membrane in that direction; needs to anchor down on substrate to hold itself there; rear end of the cell is brought forward; cycle of steps – extension of the cell, anchoring down on substrate, pulling up rear of the cell; basis of cell crawling; actin filaments are forming cell extensions; they attach to the substrate (different types of attachments) and then bringing up the rear of the cell involves microfilaments in conjunction with motor proteins; creates tension; basis of cell migration and amoeboid motion

· Distinction between main mechanism being polymerization and contractile

· Final type of motility that is microfilament based is the ability to use microfilaments as a track; involves motor proteins – unconventional myosins (myosin 1 ex.); globular head still functions as motor domain but tails are used to attach the cargo and drag cargo along microfilament track; main mechanism used for intracellular transport is microtubules; subsidiary to microtubules; microfilaments are important for placing organelles and vesicles

