Lab #10-Nerves and Muscles

http://gened.emc.maricopa.edu/bio/bio181/biobk/biobooknerv.html - The Neuron
Neurons are excitable (able to respond to stimuli) and conductive (able to relay signals.)

Sensory neurons receive stimuli from the environment.

Motor neurons interface between the nervous system and the effectors (ex. Muscle).
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Nerve cells-
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-largest single component of the neuron.

Dendrites-receive stimuli to send along cell body.

Axon- carries signal away from cell body.

Axon terminals- small nerve endings each with a tiny synaptic knob.

Glial cells are a second type of cell that is unique to the nervous system.  They provide support, protection, and nourishment form a wide variety of glial cells.

Best known type are those that make the myelin sheaths.

The photo below shows, at the first line, the nerve cell body, and at the second line, nerve cell processes (either an axon or a dendrite.)

The plasma membrane of neurons, like all other cells, has an unequal distribution of ions and electrical charges between the two sides of the membrane. 

The outside of the membrane has a positive charge, inside has a negative charge. This charge difference is a resting potential and is measured in millivolts. 

Passage of ions across the cell membrane passes the electrical charge along the cell. The voltage potential is    -70mV (millivolts) of a cell at rest (resting potential). (The membrane is polarized.) Resting potential results from differences between sodium and potassium positively charged ions and negatively charged ions in the cytoplasm.

Sodium ions are more concentrated outside the membrane, while potassium ions are more concentrated inside the membrane. This imbalance is maintained by the active transport of ions to reset the membrane known as the sodium potassium pump. 

The sodium-potassium pump maintains this unequal concentration by actively transporting ions against their concentration gradients. 
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ATP driven-3 Na+ out – 2 K+ in.

The ION PUMP demonstration used a patch of the frog’s skin and Ringer’s solution.  The voltmeter measured the electrical potential created by the pumping of Na+. 

Changed polarity of the membrane, the action potential, results in propagation of the nerve impulse along the membrane. 

An action potential is a temporary reversal of (charge) the electrical potential along the membrane for a few milliseconds. 

Sodium gates and potassium gates open in the membrane to allow their respective ions to cross. Sodium and potassium ions reverse positions by passing through membrane protein channel gates that can be opened or closed to control ion passage. 

Sodium crosses first. (Electrical charge inside of cell changes from negative to positive-depolarization)

At the height of the membrane potential reversal, potassium channels open to allow potassium ions to pass to the outside of the membrane. Potassium crosses second, resulting in changed ionic distributions, which must be reset by the continuously running sodium-potassium pump. 

Eventually enough potassium ions pass to the outside to restore the membrane charges to those of the original resting potential-repolarization.  

 The cell begins then to pump the ions back to their original sides of the membrane. 

The action potential begins at one spot on the membrane, but spreads to adjacent areas of the membrane, propagating the message along the length of the cell membrane. 

After passage of the action potential, there is a brief period, the refractory period, during which the membrane cannot be stimulated. 

This prevents the message from being transmitted backward along the membrane.

The Na and K channels involved with the conduction of an action potential are controlled by changes in electrical charge- voltage-gated ion channels.

When voltage reaches a certain threshold level (-55mV), the proteins of the Na channels allow the Na+ to pass through them via diffusion.

When charge INSIDE of the cell reaches about +35mV, Na channels close.

At same time, K channels open to allow K+ out (diffusion) so that original membrane (resting) potential of –70mV can be restored.[image: image4.png]Neurotransmitter
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All action potentials are ALL-OR-NOTHING responses to stimuli: when the threshold is reached a depolarization spike of a constant amplitude will result form each action potential that is generated.

The nervous system distinguishes between weak and strong stimuli by the number of action potentials that are generated, not the size of each one.

Synaptic Transmission.

Chemical phenomenon.  

Impulse crosses synapse (small gap) via neurotransmitters (chemicals) that are released from vesicles in the pre-synaptic membrane of the axon terminal.
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When action potential reaches the axon terminal, voltage-gated calcium channels open to allow Ca++ into the vesicles, causing them to release their contents (neurotransmitters) into the synaptic cleft.

The contents then bind to highly specific receptors in the post-synaptic membranes on the dendrites or cell bodies of the next neuron.
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Vertebrate Nervous System.

2 major divisions-

Central nervous system (CNS): brain and spinal cord, primary information processing site, and

Peripheral nervous system (PNS): all nerves that lie outside of the CNS as well as the sensory neurons (relay info to CNS) and motor neurons (carry info away from CNS.) 

Motor neurons- 2 divisions:

Somatic (voluntary)- innervate muscles that can be controlled internally, and

Autonomic (involuntary)-muscles that operate the digestive tract, heart, etc.

Many autonomic pathways are hormonally regulated by the hypothalamus and have their signals processed in bundles of nerves, called ganglia, which are located just outside of the spinal cord.
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The Autonomic Nervous System has two subsystems that work in opposition to each other (antagonistic). The Sympathetic Nervous System readies the body for challenges-increases heart rate, energizes the skeletal muscles, and increase glucose amount in blood (the fight or flight response). The Parasympathetic Nervous System is involved in relaxation. Each of these subsystems operates in the reverse of the other (antagonism). Both systems innervate the same organs and act in opposition to maintain homeostasis. For example: when you are scared the sympathetic system causes your heart to beat faster; the parasympathetic system reverses this effect.

Parasympathetic stimulation by acetylcholine (stopped heart.)

Sympathetic stimulation was accomplished by adding epinephrine (started heart.)


Heart.
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First set of red lines points to the muscle fibers.

The second set points to the ever elusive intercalated disks, which coordinate the beating of the heart.  They appear as black lines.
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Skeletal Muscle
The first line point to simple cuboidal epithelium.

The second line points to the skeletal muscle.

The third line points to adipose tissue (remember that?)

The slide we saw shows both the skeletal and the cardiac muscles as being red, but the sample of the skeletal that we saw had fewer long and parallel cells like this one shows.  These muscles are arranged in antagonistic pairs called flexors and extensors, which pull (never push) against each other.
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Smooth Muscle

The red line points to a smooth muscle cell.  

This photo is not like the slide we saw, but the main thing to remember is that the smooth muscle was gray and looked nothing like the other two. 

 Muscle Anatomy.
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Skeletal muscles are organized into numerous subunits called fascicles.

Each fascicle is composed of many individual muscle cells (fibers) that are contained within a separate plasma membrane called the sarcolemma. 

Many individual myofibrils are held within the sarcolemma of a single muscle fiber, and each is surrounded by a complex network of membranes called the sacorplasmic reticulum, which contains a storehouse of calcium ions, which are quickly released upon receipt of an action potential. 

The myofibrils are arranged into numerous repeating sub-components called sarcomeres-the basic functional unit of striated muscle.

Z-lines mark the outer edge of the sarcomere and serve as the anchor site for the thin (actin) filaments.

The thick (myosin) filaments are suspended in the middle region-overlap the actin at each end.

Banding patterns form 4 regions:

I-band (light where only actin is), A-band (dark where myosin and actin overlap), H-zone (center of A-band where ONLY myosin is), and M-line (dark area in center of H-zone that corresponds to the bare region (without heads) of myosin filaments.
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