Chapter 5 – How Do Neurons Communicate and Adapt?

Focus on Classic Research

· The Basis of Neural Communication in a Heartbeat 
· Otto Loewi (1921)
· Frog heart experiment
· Role of the the vagus nerve and the neurotransmitter acetylcholine (ACh) in slowing heart rate
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A Chemical Message

· Otto Loewi (1920s): Subsequent research
· Identified epinephrine, the chemical that carries the message to speed up heart rate

· Accelerator nerve: speeds up heart rate

· Epinephrine (EP, or adrenaline)
· Produced by adrenal glands

· Chemical messenger that acts as a hormone to mobilize the body for fight or flight during times of stress and as a neurotransmitter in the central nervous system

· Norepinephrine (NE, or noradrenaline)
· Accelerates heart rate in mammals; closely related to EP
· Excites the heartbeat
· Neurotransmitter found in the brain and in the parasympathetic division of the autonomic nervous system

· Neurotransmitter
· Chemical released by a neuron onto a target with an excitatory or inhibitory effect
· Outside the CNS, many of these chemicals circulate in the blood stream as hormones
· Outside the CNS, the action of neurotransmitters is slower than that of CNS neurotransmitters (in part because they travel through the bloodstream to distant targets)
· Hypothalamus ( Pituitary Gland ( Hormones ( Target Organs and Glands
· Structure of Synapses
· Electron Microscope
· Uses some of the principles of both an oscilloscope and a light microscope
· Projects a beam of electrons through a very thin slice of tissue
· Varying structure of the tissue scatters the beam onto a reflective surface where it leaves an image, or shadow, of the tissue
· Much better resolution than the light microscope because electron waves are smaller than light waves and so there is much less scatter when the beam strikes the tissue
· If the tissue is stained, very fine structural details can be observed
· 1950s: Revealed the structure of a synapse for the first time 
· Synapse is sandwiched by glial cells, other axons and dendritic processes, and other synapses
· The surrounding glia contribute to chemical neurotransmission in a number of ways – by supplying the building blocks for the synthesis of neurotransmitters or mopping up excess neurotransmitter molecules
· Synaptic Vesicle
· Organelle consisting of a membrane structure that encloses a quantum of neurotransmitter

· Synaptic Cleft
· Gap that separates the presynaptic membrane from the postsynaptic membrane

· Chemical Synapse
· Junction where messenger molecules are released when stimulated by an action potential
· Messenger molecules are released from one neuron to excite the next neuron
· Presynaptic Membrane
· Membrane on the transmitter - output side of a synapse (axon)
· Postsynaptic Membrane
· Membrane on the transmitter - input side of a synapse (dendrite)
· Storage granule
· Membranous compartment that holds several vesicles containing a neurotransmitter 
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· Majority of synapses in the mammalian nervous system are chemical, but there are others
· Electrical Synapse (a.k.a. gap junction)
· Fused presynaptic and postsynaptic membrane that allows an action potential to pass directly from one neuron to the next
· Prevents the brief delay in information flow of chemical transmission
· Ex. Crayfish’s electrical synapses 

· Chemical synapses allow more flexibility in neuron-to-neuron communication; are the rule in mammalian nervous systems
· Neurotransmission in Four Steps
· The neurotransmitter must be
· Synthesized and stored in the axon terminal
· Transported to the presynaptic membrane and released in response to an action potential
· Able to activate the receptors on the target cell membrane located on the postsynaptic membrane
· Inactivated or it will continue to work indefinitely
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· Step 1. Synthesis and Storage
· Neurotransmitters are derived in two general ways
· Axon Terminal – Building blocks from food are pumped into cell via transporters: protein molecules embedded within the cell membrane that pump substances across the cell membrane
· Transporters absorb the required precursor chemicals from the blood supply
· Mitochondria in the axon terminal provide the energy needed both to synthesize precursor chemicals into the neurotransmitter and to wrap them in membranous vesicles
· Can usually be found in three locations – granules, attached to microfilaments in the terminal, and attached to the presynaptic membrane
· When a vesicle is released, other vesicles move into place at that membrane location
· Cell Body – According to instructions contained in the DNA, packaged in membranes on the Golgi bodies
· Transported on microtubules to axon terminal
· May also be manufactured within the presynaptic terminal from mRNA that is similarly transported to the terminal

· Step 2. Release of the Neurotransmitter
· The presynaptic membrane Is rich in voltage-sensitive calcium channels, and the surrounding extracellular fluid is rich in Ca++
· At the terminal, the action potential opens voltage-sensitive calcium (Ca++) channels

· Ca++ enters the terminal and binds to the protein calmodulin forming a complex
· Complex causes some vesicles to empty their contents into the synapse (through exocytosis), and others to get ready to empty their contents
· Releases vesicles bound to the presynaptic membrane, and the other releases vesicles bound to filaments in the axon terminal
· The vesicles that were formerly bound to the filaments migrate to the presynaptic membrane to replace the vesicles that just emptied their contents.
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· Step 3. Activation of Receptor Sites
· After being released, the neurotransmitter diffuses across the synapse and activates receptors on the postsynaptic membrane by binding to embedded specialized protein molecules
· Transmitter-Activated Receptors
· Protein embedded in the membrane of a cell that has a binding site for a specific neurotransmitter (or ligand)
· Neurotransmitter may (depending on the type of neurotransmitter and the kind of receptors on the postsynaptic membrane):
· Depolarize the postsynaptic membrane causing an EPSP (excitatory action on postsynaptic neuron)
· Hyperpolarize the postsynaptic membrane causing an IPSP (inhibitory action on postsynaptic neuron)
· Initiate other chemical reactions that modulate either the excitatory or inhibitory effect, or influence the receiving neuron in other ways
· Autoreceptors 
· “Self-receptor” in a neural membrane that responds to the transmitter that the neuron releases (on the presynaptic membrane)
· They receive messages from their own axon terminals
· Quantum (pl. quanta)
· Quantity, equivalent to the contents of a single synaptic vesicle, that produces a just observable change in postsynaptic electric potential
· To produce a postsynaptic potential that is large enough to initiate a postsynaptic action potential requires the simultaneous release of many quanta from the presynaptic cell
· The number of quanta released depends on the amount of Ca++ that enters the axon terminal in response to the action potential and the number of vesicles docked at the membrane, waiting to be released

· Step 4. Deactivation of the Neurotransmitter
· After a neurotransmitter has done its work, it is quickly removed from receptor sites and from the synaptic cleft
· At Least Four Different Ways 
· Diffusion away from synaptic cleft – and is no longer available to bind to receptors
· Degradation by enzymes in the synaptic cleft
· Reuptake of transmitter into the presynaptic neuron for subsequent re-use – done by membrane transporter proteins
· The by-products of degradation may be taken back into the terminal to be used again in the cell
· Taken up by neighboring glial cells
· Glial cells can also store transmitter for reexport to the axon terminal
· If the terminal is very active, the amount of neurotransmitter made and stored there increases
· If the terminal is not often used, enzymes located within the terminal may break down excess transmitter.
· Varieties of Synapses
· Synapses vary widely, each relatively specialized in location, structure, function, and target
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· Excitatory and Inhibitory Messages
· A neurotransmitter acts in only one of two ways: either to increase or to decrease the probability that the cell with which it comes in contact will produce an action potential
· All synapses convey messages that are either excitatory or inhibitory
· Type I Synapse
· Excitatory
· Typically located on dendrites
· Large active zone
· Wide cleft
· Round vesicles
· Dense material on membranes

· Type II Synapse
· Inhibitory
· Typically located on cell body
· Small active zone
· Narrow cleft
· Flat vesicles
· Sparse material on membranes
· Therefore, an excitatory dendritic tree and an inhibitory cell body
· If an action potential from the dendrites is to be stopped, it is best stopped by applying inhibition on the cell body, close to the axon hillock where the action potential originates
· Inhibition blocks excitation by ‘cutting them off at the pass’
· If the cell body is normally in an inhibited state, the only way to generate an action potential at the axon hillock is to reduce the cell body’s inhibition
· Open the gates strategy – excitatory message is like a racehorse, but the inhibitory starting gate must be removed
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