Neuron structure and organization
· Neuron structure and function
· Neurons are cells that transformation within the body. 

· Most of a neuron's organelles, including its nucleus, are located in the cell body. 

· A typical neuron has numerous highly branched extensions called dendrites. 

· The dendrites receive signals from other neurons. 

· A neuron as a single axon, an extension that transmits signals to other cells. 

· Axons are much longer than dendrites.

· The axon divides into many branches at its end. 

· The greater the diameter of the axon, the faster impulses will propogate. This is because larger diameter axons have less resistance to “flow” of ions. 

· Each branched end of an axon transmits information to another cell at a junction called a synapse. 

· The part of each axon branch that forms this specialized junction is a synaptic terminal. 

· At most synapses, chemical messengers called neurotransmitters pass information from the transmitting neuron to the receiving cell. 

· In describing a synapse, we refer to the transmitting neuron as the presynaptic cell and the neuron, muscle, or gland cell that receives the signal as the postsynatpic cell. 

· The connection shaped base of an axon connected to the cell body is called the axon hillock. This is typically where signals that travel down the axon are generated.
· Mylein sheath is an electrically insulating material (made of lipid) that forms around the axon of a neuron. This increases the speed at which an action potential moves down the axon. 

· Mylein sheath is created by glial cells:
· Central nervous system neuronal mylein sheath is created by glial cells called oligodendrocytes.
· Peripheral nervous system neuronal mylein sheath is created by glial cells called Schwann cells. 

· In myleinated axons, voltage-gated sodium channels are restricted to gaps in the mylein sheath called nodes of Ranvier. 

· The extracellular fluid is only in contact with the axon membranes at the nodes. 

· Depolarization occurs at the nodes of Ranvier. 

· The mechanism for propagating action potentials along an axon is called saltatory conduction, because the action potential appears to “jump” along the axon from node to node. 

· The neurons of vertebrates and most invertebrates require supporting cells called glial cells, or glia. 

· They nourish neurons, insulate the axons of neurons, and regulate the extracellular fluid surrounding neurons. 

· Glia sometimes function in replenishing certain groups of neurons and in transmitting information. 

· Glial cells vastly outnumber neurons. 
Introduction to information processing
· Introduction 

· Information processing by a nervous system occurs in three stages:

· sensory input

· integration 

· motor output 

· In all but the simplest animals, specialized populations of neurons handle each stage of information processing.
· Sensory neurons transmit information about external stimuli or internal conditions 

· Neurons in the brain or ganglia integrate (analyze and interprate) the sensory input. The vast majority of the neurons in the brain are interneurons, which form the local circuits connecting neurons in the brain. 

· Neurons that extend out of the processing centers trigger output in the form of muscle or gland activity. 

· In many animals, the neurons that carry out integration are organized in a central nervous system (CNS).

· These constitute all nerves DIRECTLY inside the brain and spinal cord. 

· The neurons that carry information into and out of the CNS constitute the peripheral nervous system (PNS). 

· These constitute all nerves that ARE NOT DIRECTLY inside the brain and spinal cord. 

· When bundled together, the axons of neurons form nerves. 

· Depending on its role in information processing, a neuron can vary from simple to quite complex. 
Ion pumps and channels establish resting potential
· Formation of resting potential 

· There is a charge gradient between the interior of a neuron and the extracellular space. This charge difference is called a membrane potential. 

· For a resting neuron, one that is not sending a signal, the membrane potential is called the resting potential and is typically between -60 and -80 mV. 

· The sodium-potassium pump plays a key role in establishing the resting potential. 

· This pump uses the energy of ATP hydrolysis to actively transport out 3 Na+ and actively pump in 2 K+ into the cell.

· The concentration gradients of ions across the plasma membrane represent a form of potential energy that can be harnessed for cellular processes. 

· Some ion channels along the membrane of the neuron are always open. These ion channels are called leak channels and only allow the passive movement of potassium ions.

· Since the internal [K+] is greater than the external [K+], there will be a net movement of potassium ions out of the cell. This helps generate the internal negative charge of the neuron.

· As there are no leak channels for Na+, sodium cannot move in or out of the neuron freely. 
Action potentials basics
· Hyperpolarization and depolarization 

· Changes in membrane potential occur because neurons contain gated ion channels, ion channels that open or close in response to stimuli.

· When the gate opens, ions flow the channel, changing the membrane potential. 
· Hyperpolarization is an increase in the absolute value of Vm. The membrane potential moves farther from 0.
· Depolarization is a decrease in the absolute value of Vm. The membrane potential moves closer to 0. 

· Graded potentials and action potentials
· Threshold is the membrane potential to which an action potential will occur if reached.

· In many mammalian neurons, the threshold is -55 mV. 
· Graded potentials are shifts in the membrane potential that do not reach the threshold needed for an action potential. 

· Can be a hyperpolarization or a depolarization. 

· An action potential occurs when a depolarization causes the membrane potential to reach the threshold. 

· Action potentials are all-or-nothing, meaning that if the membrane potential hits the threshold, an action potential will occur. 

· Action potentials arise because some of the ion channels in neurons are voltage-gated ion channels, opening or closing when the membrane potential passes a particular level. 

· Once a certain membrane potential is experienced, the voltage-gated ion channels will open, causing further depolarization. 

· This positive-feedback mechanism explains the all-or-nothing phenomenon of action potentials.
Mechanism of action potential
· Mechanism 

· When the membrane of the axon is at the resting potential, most voltage-gated sodium and voltage-gated potassium channels are closed. 

· A stimulus opens up some sodium channels. Na+ inflow through those channels depolarizes the membrane. If the depolarization reaches the threshold, it triggers an action potential.

· Once threshold is crossed, the positive-feedback cycle of the voltage-gated ion channels rapidly brings the membrane potential close to ENa. This is called the rising phase
· ENa is the equilibrium value of sodium. The sodium-potassium pump generates an electrochemical gradient between inside the neuron and the extracellular space via active transport. Higher concentration of Na+ outside than inside.

· When the voltage-gated ion channels open, Na+ are allowed to passively diffuse to either side. Since an electrochemical gradient is generated at the resting potential, there is a net movement of Na+ ions into the neuron. This causes the neuron to become positively charged. 

· Two events prevent the membrane potential from actually reaching ENa: (1) Voltage-gated Na+ channels inactivate soon after opening, halting Na+ inflow and (2) Most voltage-gated potassium channels open, causing a rapid outflow of K+. Both events quickly bring the membrane potential back toward EK. This stage is called the falling phase.

· EK is the equilibrium value for potassium. The sodium-potassium pump generates an electrochemical gradient between the inside of the neuron and the extracellular space via active transport. Higher concentration of K+ inside than outside. 

· When the voltage-gated ion channels open, K+ can passively diffuse to either side. K+ will spontaneously move out into the extracellular space. This brings the internal membrane potential down toward EK. 

· In the final phase of an action potential, called the undershoot, the membrane's permeability to K+ is higher than at rest, so the membrane potential is closer to EK than it is to the resting potential. The gated potassium channels eventually close and the membrane potential returns to resting potential. 

· This is also called the refractory period, where a second action potential cannot be initiated. This limits the maximum frequency at which an action potential can be generated. It is due to inactivation of sodium channels. 

· Conduction of action potential across axon 

· Action potential that starts at the axon hllock moves along the axon only toward the synaptic terminals. 

· At the stie where the action potential is initated, usually the axon hillock, Na+ inflow during the rising phase creates an electrical current that depolarizes the neighboring region of the axon membrane (zone of depolarization). The depolarization is large enough to reach threshold, causing an action potential in the neighboring region. This process is repeated across the axon. 

· Behind the zone of depolarization is the zone of repolarization caused by K+ outflow. In this zone, sodium channels remain activated. Therefore, an action potential cannot be generated here. 

· The rate at which action potentials are produced conveys information about the strength of the input signal.
Synaptic communication
· Introduction 

· Information is transmitted at the synaptic terminals. Basic steps:

· At the terminal of the presynaptic neuron, the neuron synthesizes the neurotransmitter and packages it in multiple membrane-enclosed compartments called synaptic vesicles. 

· The arrival of an action potential at the presynaptic terminal depolarizes the plasma membrane, opening voltage-gated channels that allow Ca2+ ions to diffuse into the terminal. 

· The resulting rise in Ca2+ concentration in the terminal causes the neurotransmitter to be released. 

· Once released, the neurotransmitter diffuses across the synaptic cleft, the gap that separates the presynaptic and the postsynaptic neurons. 

· Upon reaching the postsyanptic membrane, the neurotransmitter binds binds to an actiavtes a specific response in the membrane. 

· Generation of postsynatpic potentials

· The receptor protein that binds and respond sto neurotransmitters is a ligand-gated ion channel, often called an ionotropic receptor. 

· Binding of the neurotransmitter to a partiuclar part of the receptor opens the channel and allows specific ions to diffuse across the postsynaptic membrane. 

· The result is a postsynaptic potential, a graded potential in the postsyanptic cell. 

· At some synapses, the ionotropic receptor is permeable to Na+ and K+. When this receptor opens, the membrane potential depolarizes to a value midway between EK and ENa. 

· This depolarization brings the postsynaptic neuron above the threshold. This is called a excitatory postysynaptic potential (EPSP). 

· At other synapses, the ionotropic receptor is selectively permeable for only K+ and Cl-. When this receptor opens, the postsynatpic membrane hyperpolarizes. 

· The hyperpolarization produce din this manner is called an inhibitory postysnaptic potential (IPSP) because it moves the membrane potential further from threshold. 

· Neurotransmitters can also bind to metabotropic receptors, a receptor that activates a signal transduction pathway in a postsynaptic neuron that creates a second messenger.

· The second messenger can alter the postysnaptic neuron in diverse ways, such as altering the number of open potassium channels. 

· Metabotropic receptors have a slower onset than ionotropic receptors but last longer.

· Metabotropic receptors do not directly pump ions like ionotropic receptors! 

· Summation of postsynaptic potentials 

· One postsyanptic potential usually isn't strong enough to produce an effect. 

· One neuron is linked up to many other neurons, so it can receive multiple postsynaptic potentials in rapid succession from different presynaptic neurons. When this happens, the 2+ postysnaptic potentials add up in effect to produce one main effect. 

· EPSPs produced nearly simultaneously by DIFFERENT synapses on the same postysynaptic neuron can add together, an effect called spatial summation.

· In addition, two EPSPs can occur at a single synapse in such a rapid succession that the postysynaptic neuron's membrane potential hasn't returned to resting potential before the arrival of the second EPSP. 

· When this happens, the EPSPs add together, an effect called temporal summation. 
Neurotransmitters 

· Types
· Acetylcholine is vital for nervous system function that includes muscle stimulation, memory formation, and learning. Two main acetylcholine receptors:

· One is a ligand-gated ion channel, which functions at the vertebrate neuromuscular junction, the site where a motor neuron forms a synapse with a skeletal muscle cell. When acetylcholine is released by a motor neuron binds to this receptor, the ion channel opens forming an EPSP. This is excitatory.

· The second is a metabotropic receptor found in locations that include the vertebrate CNS and heart. Acetylcholine released by neurons activate a G protein signal transudction pathway that leads to open potassium channels. This is an IPSP, or an inhibitory effect. 
· Gamma-aminobutyric acid (GABA) is the neurotransmitter at most inhibitory synapses in the brain. 

· Binding of GABA to receptors in postsynatpic cells increases membrane permeability to Cl-, resulting in an IPSP. 
· Norepinephrine is an excitatory neurtornasmiter in the autonomic nervous system, a branch of the PNS. 
· Dopamine and seratonin are released at many sites in the brain and affect sleep, mood, attention, and learning. 
Nervous systems
· Vertebrate central nervous system 

· During embryonic development, the central nervous system develops from the notochord—a hallmark of chordates. 

· The brain is made up of outer gray matter and inner white matter. Surrounded by cerebrospinal fluid. 

· The forebrain has activities that include the processing of olfactory input (smells), regulation of sleep, learning, and any complex processing. 

· The cerebrum is the largest part of the brain. 

· Divided into the left and right cerebral hemispheres. Left hemisphere controls right side of body and vice versa. 

· Divided into 4 lobes:
· Frontal lobe – concerned with reasoning, planning, parts of speech, movement, emotions and problem solving. 
· Parietal lobe – concerned with perception of stimuli such as touch, pressure, temperature and pain. 
· Temporal lobe – concerned with perception and recognition of auditory stimuli (hearing) and memory. 
· Occipital lobe – concerned with many aspects of vision. 

· A thick band of axons called the corpus calossum enables the right and left cerebral cortices to communicate. 

· The outer layer of the cerebrum is called the cerebral cortex and is vital for perception, voluntary movement, and learning. The inner portion is called the medulla. 
· Olfactory bulb controls smell. 

· The thalamus is the main input center for sensory information going to the cerebrum. Takes in sensory information and relays it to the correct areas. 

· The hypothalamus constitutes the control center that includes the body's thermotat as well as the central biological clock. 

· The midbrain, located centrally in the brain, coordinates routing of sensory input. 

· The hindbrain controls involuntary activities, such as blood circulation. 

· The cerebellum coordinates movement and balance and helps in learning and remembering motor skills. 

· The pons is a relay center to allow communication between the cortex and the cerebllum. 
· Medulla oblongata controls breathing, heart rate ,and gastrointesitnal activity. 

· The midbrain and portions of the hindbrain give rise to the brainstem, the part of the brain that is connected to the spinal cord. 

· It controls the flow of messages between the brain and the rest of the body, and controls basic body functions such as breathing, swallowing, heart rate, blood pressure, consciousness, and whether one is awake or sleepy. 

· Constists of the midbrain, pons, and the medulla oblongata. 

· The spinal cord runs lengthwise inside the vertebral column, known as the spine. It conveys information to and from the brian and generates basic patterns of locomotions.

· The central canal is the space that runs longitudinally through the length of the entire spinal cord. It is filled with cerebrospinal fluid, which supplies the CNS with nutrients and hormones and carrying away wastes. 

· Made up of grey and white matter:
· Gray matter is primarily made up of neuron cell bodies. 
· White matter consists mainly of bundled axons. 

· Makes up the outer layer of the spinal cord. 

· Acts independently of the brain as part of simple nerve circuits that produce reflexes, the body's automatic responses to certain stimuli. Does NOT travel through brain!

· Sensory information enters through the dorsal horn and motor information exits through the ventral horn. 

· Peripheral nervous system

· Sensory information reaches CNS along PNS neurons designated as afferent neurons.

· Following processing within the CNS, instructions travel to muscles glands, and endocrine cells along PNS neurons called efferent neurons. 

· PNS has two different components: 

· The motor system consists of neurons that carry signals to skeletal muscles. Can be voluntary or involuntary. 

· The autonomic nervous system consists of neurons that carry signals to smooth and caridac muscles. It is generally involuntary. 3 subdivisions:

· The enteric division of the autonomic nervous system are active in controlling the digestive tract, pancreas, and gallbladder. 

· The sympathetic division corresponds to the “fight-or-flight” response. 

· The paraympathetic division causes the opposite response of the sympathetic division and promotes calming and a return to self-maintenance functions. 
