Animal physiology – lecture 20 

Final exam – few essay question.  As sarcomere length goes up you get a U curve. All to do with the relationship between myosin and actin. 

Striated muscle – myosin, actin pull the z discs together. Inbetween 2 z discs are sarcomere. Sarcomeres are all lined up together and form a myofibril. Myofibrils are stacked together and form a myofiber. 

skeletal muscle – myofiber is considered a muscle cell, but is actually made up of several cells., but the myofiber is actually the cellular unit. Take the myofibers and put them all together into fascicles, fascicles add up to become muscles. 

Cardiac – cells are single. Just one nucleus. 

Sarcomere length differ between muscles in the body. Sarcomere length correlate with tenderness of meat. So if youre eating a good steak – longer the sarcomere the better the steak. 

Myogenic – contracting is generated from within the muscle itself. This causes contraction
Neurogenic – like skeletal muscles where motor neurons cause the contraction. 

Myosin – ratchets along the actin to create motion. If youre in the special anatomy with thin and thick filaments – get rationing to get muscle contraction.  

Troponin and topomyosin – tropomyosin lines up on the actin and covers whtere the myosin binds to the actin. As long as tropomyosin is sitting there, the myosin cant grab hold, cant contract the muscle. Stops the whole process. Troponin is 3 different parts that go together and sit on the tropomyosin. TNC, TNI, and TNT – help secure it to the tropomyosin and the actin itself. Little complex proteins that are very important in how and when myosin is fgoing to attach to the actin. 

When there is no ca in the system ,the troponin is sitting there and keeps the tropomyosin in place. Without calcium your muscles don’t contract. Myosin and actin don’t communicate with each other. Ca comes in abnd binds to the TNC component – lifets the tropomyosin off of the actin and opens up the binding sites. Myosin starts ratcheting along the actin. As soon as ca disappears, it goes back to non communication. 

When muscles shorten – its active. Burning ATP. When muscles lengthened, its inactive. Muscles can only lengthen when two things happen. 
· When troponin and tropomyosin are back in place, so that myosin isn’t attaching to actin anymore. Get a shut down the rathceting
· Need opposing muscle contraction. Antagonistic action between different muscles. Bicep contracts and then the tricep elongates. Always opposing muscles. 
Depending on where you are in the spinal cord, and what motor nerves are travelling out, you have a different size of ventral horn. For more complex muscles, you need more neuron. You can see that in a cross section of the spinal as you go down.  The cell bodies of the motor neurons are in that ventral horn. They go out and end up on the muscles where the sarcomeres are, ready to do their contacting, and send signals to let calcium in so myson and actin can start moving relative to each other. 

Motor control – usually conscious. Motor neurons innervating skeletal muscle. Some of the longest neurons in the body, and they cause contraction patterns. When the neurons are on, the muscle contracts, when theyre off the muscle can relax. NT at the neuromuscular junction is acetylcholine (vertebrates) or glutamate or inverts, and the effects are ALWAYS excitatory. Cant inhibit a muscle contraction. 

Ap goes down nerve, triggers voltage gated in channels, calcium comes rushing into the cell, and calcium allows the motor proteins to move the vesicles down to the synapse where everything is released. Crosses over, ligand receptors pick up the NT, and starts the depolarazation of the muscle cell. AChE breaks down Ach into choline and acetate, terminating the signal. The presynaptic cell takes up and recycles choline and ecetate diffuses out of the synapse. 

Have to get signal into the muscle cell fast if you want it to contract all at the ame time. NMJ. Have nerve coming in, and attaching to the myofibers. Attaches at the motor end plate. Axon terminals of motor neuron synapse with regions of the myofiber are called motor end plates (rich in nAChR) so the motor end plate are little parts of the skeletal muscle when the axon connects to (or almost connects to – small synaptic cleft).  This is where the NT crosses over to the muscle, to allow that membrane to depolarize. The sarcolemma, which is just the membrane of the muscle cell, has a resting potential of -70mV. Ach binding to the AChR, ion channels open, Na rushes in, the sarcolemma gets depolarized. The depolarizationg in muscle cells propagates the T tubules. The T Tubules are connected to the sarcolemma all the way through. So when the sarcolemma membrane depolarizes, that depolarizationg rushes down the t tubules as well. The t tubules open voltage gated ca channels, so ca rushes into the cell. So you get a depolarization on the outside, ca starts rushing in all the way along the t tubules which means that ca is entering deep into that muscle, and then once the signal stops, Na channels close again, the K channels open, and it is repolarized. 

Myocyte and a myofiber are the same thing. Both muscle cells. 

Skeletal AP – skeletal muscles depolarize and repolarize very quickly. Its short refractory period. Short AP.  The AP is about 5 percent of the contraction relaxation cycle.  Another AP right after the first one can induce a 2nd contraction even if the muscle hasn’t relaxed. Can basically add APs ontop of each other to get a contraction. 

Cardiac – slightly different. Don’t necessarily want tetanus. Want it to pump then stop. So the signal is a different shape. The AP goes up and then slowly drifts off.  Can see the whole period where its high – you aren’t going to get a 2nd AP because its still high. So you get a single contraction and cant add up contractions on top of each other. This is a good thing cuz u don’t want heart to clamp down shut. AP is about 50 percent of the contraction relaxation cycle. This prevents a 2nd contraction while muscle is contracting. Cardiac arrhythmia is a weird unregular heartbeat. 

Resulting contractions
· Skeletal – If you start increasing freq of APS you start increasing the change in membrane potential, cuz cell cant quite get back to baseline before the next action potential comes. The blue line gets higher and higher until the AP is at high enough of a freq that all the blue line turns into one solid peak. This is called tetanus. Cuz aps are firing so fast that cell doesn’t have time re equilibrate. Summation
· Cardiac – can increase freq of AP and you get an increased rate in contraction, but at certain amount it never creates tetanus. This is because of the elongated AP. So there is no summation and no tetanus. 

T-Tubules – drawing. Green is the sarcoplasmic reticulum, full of calcium. The myofibrils. The sarcomeres are all lined up in a row. Having t tubules allows the membrane depolarization on outside of the cell to get into the innerds of the cell. In fast-tiwtch skeletal muscles the t tubules are really great and extensive. Very intriquite. In slower tiwtch muscles – they are less developed (t tubules). 

Sarcoplasmic reticulum- huge in muscles. Very extensive. High store of calcium. Absorbs it back up in between contractions. 

Cisternae – terminal cisternae of the sarcoplasmic reticulum are big and filled with large deposists of calcium. They are enlargements of the SR near t tubules. Ensures rapid calcium delivery.  Just waiting to release the ca when the muscle contracts. In cardiac muscle cell, the cisternae are a little bit smaller. In skeletal muscle the terminal cisternae are more pronounced. 

Sarcolemma – depolarizes, along that membrane there are 3 different systmes. 
· NA/Ca exchangers. 
· DHPR ion channels
· Ca ATPase channels (uses ATP)
These 3 things balance how ca is coming in and going out of the cell. 

On the inside the SR has two things going on
· RyR channels allow Ca to spill out 
· SERCA pumps Ca back in (uses ATP)

Cardiac Excitation-Contraction (EC) Coupling
· Excitation (depolarization of the membrane). Contraction (actually getting the myosin and actin to do their thing).
· Cardiac
· Sarcolemma. Have same similar arrangement of channels going on and have the sarcolemma reticulum in the middle. At rest the ca concentration are very low on the inside. At resting membrane potential, the channels that allow ca in are closed. All the ca is out here and in the SR. 
1. Get AP – depolarizes the membrane, so the DHPR channels open and flood ca into the cell. 
2. RyR channels that are on the SR – they say “hey! It’s a calcium party!” and let the calcium out of the SR. 
3. Myosin and actin are flooded with calcium – the troponin and tropomyosinget off the binding sites on the actin. Get two sources of calcium into the cell)
4. Myosin and actin are contracting, calcium levels are going down. Actin and myosin atpase starts.  Cell starts to repolarize. The Na/Ca exchangers start to pump calcium out. The ca pump that use ATP start pumping calcium out. The SERCA pumps ca in to the SR. burning energy. 

Skeletal muscle – very similar except that there is a connection between the DHPR and the RyR. The DHPR that are in the cell membrane are actually attached to the RyR of the SR. don’t have to have Ca flood in for the RyR to turn on. Just the membrane potential change of the sarcolemma of the myocyte causes a conformational change in the DHPR and that change changes the shape of the RyRs and calcium floods in both directions. Don’t have to have ca come in to trigger the RyRs. Whether ca is there or not, both channels open. 

1. AP – just one. Have contraction coupling. Membrane change – AP comes down, the DHPR channels open causes  the RyR channels to open and ca floods in. ca is released – comes from the outside and the SR lets it out from there. Allows actin and myosin to work. Troponin and tropomyosin to move. 
2. Have to pump all the ca back out
3. Na/Ca exchanges, ca pump, and serca pump. 


Cardiac muscle EC coupling – have gap junctions between cells. this is where the real speed comes into play. All cells in the heart contract at once. If you are pump its useless if doesn’t happen at once. Communication between the cells is near instantaneous. 

Time course of muscle contraction – have AP. Calcium is almost instantaneous. The force line starts to take a long time to get any force. There is a rest between the AP and when you start seeing force is called the latent period. 

Sarcomeres – all the level of shortening is happening where the sarcomere is. That’s where the actin and myosin is. As its ratcheting along, its shortening the distance between the Z discs. The length of the sarcomere is getting shortened. Sarcomeres can shorten 0.5 microns. If you want to shorten a big distance need a lot of sarcomeres in a row. Put them end to end so you have a long line of them. All shorten by .5 microns – add that length, and its significant. 1 sarcomere can generate about 5pN of force. Need a whole bunch of sarcomeres togtehr to get enough force to be useful. If you have a whole bunch in parallel, get 5 pN times the number you have working in parallel. 
· You can have weaker muscles that are long, and can shorten lots – good range in motion. 
· If you want strong – want to organize the sarcomeres that there are lots in parallel with each other, but shorten a lot less. 
· Its all about being in series vs in parallel. 
· Can either change length, or give out a lot of force. 

There is always a trade off. Between parallel vs series. 

Types of contractions. There are basically 3 ways muscles can work. 
· Shortening – shortening of fibers as you are increasing force
· Isotonic – same tension, changing length
· Isometric – same length, changing tension

If just hold a heavy ball in the same place, the myosin and actin are contracting, ratcheting relative to one another, but the way the object is set, the uscle isn’t actually getting shortened 
– just producing enough force to hold the ball stationary. As you get tired of holding it, it starts to weigh down, and the muscle starts to lengthen even though you are still working hard, as its ratcheiting along. 

· When a muscle is “contracting” – it really means myosin and actin are ratcheting relative to one another, which results in the motion of the 2 realtive to each other, or it can ratchet and stay in one place. Or it can ratchet, but get longer, cuz its so heavy. So 3 different way muscles can work. We think of muscle contraction – getting shorten. But really it means myosin and actin are doing their thing. The actual length can be shortening, lengthening or staying the same. 

Elastic – have actin and myosin. Where actual ratcheting is going on. Then you have elastic componenets going on. These elastic components stretch. When a muscle starts contracting. Have rest – iometric – isotonic. Really review this diagram. She said it was important.  There is an elastic element that has to be stretched a certain amount before the sarcomere is actually shortened. Although ension is going up, the force is not yet. No load. Get to a certain point where all the elastic stretch is used up, and you start to actually shorten the sarcomere, and add load. Therefore at this point the tension is stable (maxed out). The load isn’t changing. If you added another brick, the tension would go up again. The elastic elements cause a little bit of a delay in whats happening superficially

Series elastic componenets
· Tendons, z discs, cross bridges

Vs


Parallel elastic componenets
· Sarcolemma, muscle CT

Muscle Twitch – contraction resulting from a single AP. There is an all or none twitch. the latent period is the period between stimulation and contraction. For the ca to come in.  the tension that is in that muscle is lost very quickly. It almost instanatenously relaxed. 

Temporal summation – speeding up the number of aps hitting that membrane. If you increase the freq of Aps you can get the muscle to start contracting before its able to pump out all of its ca you get additive effect of temporal summation of force. As they get faster you get a solid work production. The set up is a whole muscle. Each twitch is all or none. More and more Aps in there you get more units/fibers contributing to the strength. 

Tatanic contractions – single twitch. high freq of Aps. Review this. 

Max – when give it enough aps that it can get to tetanus is 3 to 5 times the strength of a twitch. in tetanus you end up with ca in there constantly. Whole muscle are generally working at tetanic levels, and if you do it too long you get tired. Burning atp like crazy. Prolonged tetanus is exhausting. 

[bookmark: _GoBack]A single muscle fiber – all or nothing twitching vs whole muscles. Motor units are made up of the motor neuron that comes down and activtes a number of fibers. The organe one hitting a number of them. Etc. each color is a motor unit. The more motor units stimulated, the more muscle contract.  A single muscle fiber is all or none. If you stimulate that one guy he will give you one peak. If its one fiber. If you think about whole muscle. If you increase stimulus you will recruit more and more motor units. So actually recruit more muscle fibers. As you increase strength in stimulus you do see an increase in te force put out. Its because youre adding more and more fibers. That’s why you see an increase in stimulus. Tetanus is happening 
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