IB Biology II: Nervous System
I.
Organization of the nervous system


A.
Components of the nervous system:
1.
Central Nervous System (CNS) – brain and spinal chord – higher order fxn, memory, intelligence, learning, and coordination

· Somatic Nervous System – conscious & controlled response

· Autonomic Nervous System – functions automatically

· Parasympathetic - relaxed state

· Sympathetic – excited state

2.
Peripheral Nervous System (PNS) – sensory (travel to CNS) and motor neurons (away from CNS)

a.
31 pairs of spinal nerves


b.
12 pairs of cranial nerves


B.
Nerves are made up of neurons

1.
Neuron – individual cell that carries information within the nervous system by conducting action potentials (APs)

2.
Nerve – a bundle of neurons working together to transmit signals throughout the body
II.
Example of a nervous system pathway: accidentally bumping into someone
A.
Stimulus ( Interpretation ( Response

1.
You feel pressure on your arm (S) ( brain interprets the stimulus (I) ( move your arm away (R)
2.
What does the interpretation look like?

You feel pressure on your arm (S)( sensory receptors activated from pressure sensed on the skin (PNS) ( sends signal to the brain (CNS) that the touch was accidental ( brain activates motor neurons in your arm (PNS) ( you move your arm away (R) 
3.
The motor end plate is the junction where the neuron sends a chemical signal to the muscles to produce a physical response. 
4.
Relay neurons send signals within the CNS to generate the correct response. 

B.  Outline a Stimulus ( Response flow chart for touching a hot stove.
1.
Increased temp on your hand(S) ( Brain said this is hot and bad for you (I) ( Remove your hand from the stove (R) 
2. What does the interpretation look like?

Increased temp on hand(S) ( Thermoreceptors in your hand are activated in PNS (I) ( PNS send signal to the brain (CNS) that this is too hot (I)( brain activates motor neurons (PNS) in your arm and hand(I)( You remove your hand from the stove (R) 
III.
The Action Potential: How neurons transmit signals. 
A.
An Action Potential (AP) is a self-propagating electrical signal caused by membrane depolarization resulting in the flow of sodium (Na+) ions into the cell and the flow of potassium (K+) ions out of the cell. 
B.
Action Potentials occur on the axon portion of the neuron.
[image: image1.png]Dendrites Nucleus A NEURON

Axon Ending

Myelin Sheath

Cell Body




C.
There are different conditions in which a neuron can be found during an action potential: 

1.
Resting Potential – Na+ ions are in equilibrium with K+ ions across the axonal membrane, resulting in a net positive charge outside and a negative charge inside the neuron.
2.
Depolarization – an active transport process that requires ATP and protein channels. Depolarization occurs when Na+ moves into the cell, causing the charge on the axonal membrane to become negative, thus initiating an action potential. 

3.
Repolarization – Na+ channels close, K+ moves back into the cell, and net cellular charge returns to resting potential. 
D.
Self-propagating – once an AP is fired, adjacent ion channels (ion channels that are next to one another) will be activated by the channel before it. So, only one action potential is required for all of the ion channels to activate downstream. The AP travels along the axon until it reaches the synapse.
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IV.
Synaptic Transmission: How neurons communicate with each other
A.
Neuronal communication occurs through synaptic transmission, where the action potential travels from the presynaptic neuron to the postsynaptic neuron via neurotransmitter release at the synapse. 
B.
The synapse is the space between two neurons where a specific chemical 
(a neurotransmitter) is released in order to communicate within the body. 

C.
How many directions can synaptic transmission occur? One
Why? Refractory Periods
D.
Refractory period – a period of time that an action potential cannot occur (because the cell has not returned to resting potential)
V.
The mechanism of synaptic transmission:
A.
At the end of each axon is a swollen membranous region called a terminal button which contains neurotransmitters. 
B.
Neurotransmitters are any chemical involved in synaptic transmission. Examples of neurotransmitters include acetylcholine, dopamine, and serotonin. 

C.
When an action potential reaches the terminal button of an axon, it signals synaptic transmission. This occurs by:

1. Calcium ions (Ca2+) diffuse into the terminal buttons.

2. Vesicles containing the neurotransmitter fuse with the plasma membrane and release the neurotransmitter into the synaptic gap. 

3. Neurotransmitter diffuses across the synaptic cleft from the presynaptic neuron to the postsynaptic neuron.

4. Neurotransmitter binds with a receptor protein on the postsynaptic neuron membrane.

5. Receptor binding results in opening an ion channel, causing sodium (Na+) ions to diffuse through the channel. 
6. Na+ diffusion depolarizes the neuron and initiates an action potential to move down the postsynaptic neuron.
7. Neurotransmitter is degraded by specific enzymes and gets released from the receptor protein. 

8. Na+ ion channels close. 

9. Neurotransmitter fragments diffuse back across the synaptic gap and get reassembled in the terminal buttons of the presynaptic neuron. 
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