


C)Slow It Down (Can be skipped in doing Expand — Neuronal Corﬁmunication)

Ask students to devise a way to slow down movement of the signal. Explain to
the students that once the signal moved from the cell body to the axon, the
electrical message has to go on until it reaches the axon terminal.

Give students a few minutes to get organized.

Have them demonstrate their strategies.

Ask students to share what changes they made to the process.

Discuss differences in how students modeled this change in neuron
communication.
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5) Expand - Neuronal Communication
A) Circuit Frenzy

Challenge the groups to get the most messages passed in one minute.

1. Tell the initial neuron that it may fire an action potential as many times as
they wish, but that after each tap, they must wait until their cotton balls are
recycled back into the axon terminal before tapping again.

2. Tell the neurons that they need to illustrate neurotransmitter re-uptake by
picking up cotton balls that are dropped.

3. Have the initial neuron keep track of the number of times they fired an action

- potential in the one-minute period.

4. Have the “muscle” keep track of the number of times they flexed in the one-
minute period.

5. Approach at least one person in each group and tell them that they may not
pass a message on until they receive 2 (or 3 or 4) incoming messages.

6. Afterwards, have the muscle tell how many times they contracted and have
the initial neuron tell how many times they tapped. Ask the class to explain
why the number of muscle flexes does not match the number of taps.

o Once the class understands that some of the students only pass a

message for every 2, 3, or 4 incoming messages, introduce the idea of

threshold — that a cell body must add up all incoming messages and
when a certain amount are received (a threshold) then an action
potential can be sent down its axon.

B) Excitement and Inhibition

Randomly replace one student’s white cotton ball with colored cotton in each

group

Tell the students that if a COLORED cotton ball touches their dendrites, they

may NOT pass on the message (the last neuron in the chain must always be

excitatory and use white balls because mammalian muscles cannot bind with

inhibitory neurotransmitters).

Get students back into their teams and have them transmit a message along

their circuit.

Discuss what happened after the activity. Ask students:

1. What happened to the signal downstream of the colored cotton ball?

2. Why would a neuron want to send a message to stop further signaling?

3. What would happen if the colored cotton ball just subtracted a unit of one
from the cell body’s count of inputs received as it tries to reach threshold?

4. How would you slow down message transfer in a neuronal circuit?
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¢ Introduce the concept of excitatory and inhibitory neurons. Discuss the
possibility that a neuron receives multiple inputs and sends multiple outputs.

C) Complicated Circuitry

e Have students arrange themselves in circuits with internal branches or a loop
along the straight pathway and transmit a message.

¢ Run the circuit again giving the white cotton balls a value of +1 and colored
cotton balls a value of —1.

e Have each group keep track of the number of times the initial neuron fires and
the number of times the muscle contracts in a minute.

e Discuss how the circuit shape affected how well the message was sent
(reliability, consideration of all inputs, and limits to speed are the most important
issues).

1. What happens to the rate of muscle contraction?

2. What happens to the rate of muscle contraction if the loop contains an
inhibitory neuron?

3. Does the position of the inhibitory neuron affect the rate of muscle
contraction?

4. What happens if there are branches of unequal numbers of neurons?

5. What happens if the loop reattaches at different places? Try both
downstream and upstream of the branch point.

6. What happens if there are multiple initial neurons?

Lesson Length: 1-2, 45 minute periods

Terms: important vocabuiary that strengthen the iesson. Seiect terms according to the
needs and abilities of your students.

Action Potential — an electrical charge that travels away from the cell body along
the axon, to the axon terminal where it triggers or inhibits the release of
neurotransmitters.

Axon — the part of a neuron that sends the signal away from the cell body and
towards target cells/neurons.

Axon Terminal — end part of an axon that makes a synaptic contact with another
cell. It's the point where neurotransmitters are released.

Cell Body - the part of the neuron that decides whether or not to send a signal
along the axon.

Dendrite — the part of a neuron that receives the signal from other neurons.
Excitatory Neuron — a neuron whose neurotransmitter stimulates another neuron,
increasing the probability that the target neuron will fire an action potential.
Inhibitory Neuron — a neuron whose neurotransmitter inhibits another neuron,
decreasing the probability that the target neuron will fire an action potential.
Neuromuscular Junction — the special synapse onto a muscle.

Neuron — Nerve cell that is specialized for sending information. Neurons are
characterized by long fibrous projections called axons, and shorter, branch-like
projections called dendrites.

Neurotransmitter— a chemical released by neurons at a synapse to send a signal
to nearby dendrites of neighboring neurons. Neurotransmitters bind to special
receptor molecules on dendrites to generate the signal.
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Post-synaptic Neuron — the neuron whose dendrite receives neurotransmitter.
Pre-synaptic Neuron — the neuron releasing the neurotransmitter.

Receptors — special molecules on dendrites that taste each specific
neurotransmitter. Both neurotransmitter and receptor have to fit together like a lock
and key.

Synapse — a gap between two neurons forming the site of information transfer from
one neuron to another. At synapses, neurotransmitters are released from pre-
synaptic axon terminals and bind to receptors on post-synaptic dendrites.
Threshold — the minimum amount of input needed by a neuron cell body to cause it
to fire an action potential.



Connect the Neurons! Teacher Notes

Neurons, the principal cells in the central nervous system, send messages from
one part of the cell to another using electrical signals. The dendrites are the input part
of the neuron. These short branched processes gather information from other neurons
and send electrical signals (synaptic potentials) to the soma (cell body). The soma
adds up all the signals from the dendrites. When this summed signal gets big enough
(reaches the soma’s threshold), the soma produces one large electrical signal (action
potential) as output, and sends it down the axon (longest process of the neuron) to pass
this information to distant neurons or muscie cells.

Dendrites
/

Myelin sheath

Nutleus
/2

of Ranvier

In the central nervous system, neurons don't actually touch each other. When the
electrical signal (action potential) reaches the end of the axon (axon terminal), it cannot
be used to signal the dendrite of the next, neighboring neuron. Instead, the axon
terminal sends a chemical signal (neurotransmitter) out into the space between the
axon terminal and the dendrites on the next neuron. This space is called the synapse.
The neurotransmitter spreads across the space between the neurons and is sensed by
the dendrites of the next neuron. When these dendrites "taste" the presence of the
neurotransmitter, they generate new electrical impulses (synaptic potentials) that are
then sent to their soma. The action potential is considered an "All or Nothing" event:
either the electrical signal goes down the axon, or it doesn’t. The strength of the
synaptic potentials do vary. Many things influence the strength of the synaptic
potentials. When one practices a new skill or thought, the synapses in those circuits are
strengthened. Conversely, unused synapses can loose strength. We believe this forms
the basis for learning and memory.
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Synaptic transmission is terminated in one of three ways. 1) The neurotransmitters
move away in the space between neurons. 2) The neurotransmitters are recycled by
being taken back up into the nerve terminal. 3) The neurotransmitters are chemically
broken down into smaller chemicals that cannot be sensed by dendrites. Thus,
neurotransmitters stimulate dendrites only for a short amount of time after they are
released.

Some neurotransmitters generate electrical potentials (depolarizations) in the post-
synaptic neurons that move the soma closer to threshold. These neurotransmitters and
the neurons that contain them are excitatory. They communicate a need to continue to
send the electrical message forward along the pathway or chain of neurons. Some
neurotransmitters generate electrical potentials

(hyperpolarizations) in the post-synaptic neurons that move the soma farther away from
threshold. These neurotransmitters and the neurons that contain them are inhibitory.
They prevent or inhibit other electrical signals from moving forward along a pathway or
chain of neurons. Combinations of excitatory and inhibitory neurons create the
pathways, chains or circuits of neurons that control each nervous system function.
Appropriately placed inhibitory neurons result in fine control of the output of a neuronal
circuit and consequent behaviors.





