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The Nervous System Worksheet

Name: ' Period: Date:

1. The diagram below is of a nerve cell or nevton.
i. Add the following labels to the diagram.
Axon; Myelin sheath; Cell body; Dendrites; effector cell; synapse
ii. If you like, color in the diagram as suggested below.
Axon - purple;
Myelin sheath - yellow;
Cell body - blue;
Dendrites - green;
Muscle fibers —red:
iii. Use an arrow to indicate the direction that the nerve impulse travels.

2. There are three different kinds of neurons or neeve cell, Match each kind with its function.

Motor neuron; Sensory neurcn; Relay newren:

The nerve cell that ¢

brain or

The nerve cell that transmits fmpulses from the brain or spina

cord to a muscle or gland
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Name: Date:

Action Potential

During an action potential, ions cross back and forth across the neuron’s membrane, causing electrical
changes that transmit the nerve impulse:

1. The stimulus causes sodium channels in the neuron’s membrane to open, allowing the Na* ions
that were outside the membrane to rush into the cell.

The sodium channels are called gated ion channels because they can open and clase in response to
signals like electrical changes. When the Na* ions enter the neuron, the cell’s electrical potential
becomes more positive.

2. If the signal is strong enough and the voltage reaches a threshold, it triggers the action potential.

More gated ion channels open, allowing more Na* ions inside the cell, and the cell depolarizes so that
the charges across the membrane completely reverse: The inside of the cell becomes positively charged
and the outside becomes negatively charged.

3. The peak voltage of the action potential causes the gated sodium channels to close and
potassium channels to open.

Potassium ions move outside the membrane, and sodium ions stay inside the
membrane, repolarizing the cell. The result is a polarization that’s opposite of the initial polarization that
had Na* ions on the outside and K*ions on the inside.

4. The neuron becomes hyperpolarized when more potassium ions are on the outside than sodium
jons are on the inside.

When the K* gates finally close, the neuron has slightly more K* ions on the outside than it has Na* ions
on the inside. This causes the cell’s potential to drop slightly lower than the resting potential.

5. The neuron enters a refractory period, which returns potassium to the inside of the celt and
sodium to the outside of the cell.

The sodium-potassium pump goes back to work, moving Na* ions to the outside of the cell and K* ions to
the inside, returning the neuron to its normal polarized state.



For questions 1—4, use the following terms to fill in the blanks in each statement.
a. Inside

b. Outside

c. Positively charged

d. Negatively charged

1. The sodium-potassium pump moves sodium to the _ of the cell.

2. The sodium-potassium pump moves potassium to the of the cell.

3. During a resting potential, the cell’s cytoplasm is relative to the outside of the
cell.

4. At the peak of the action potential, the cell’s cytoplasm is relative to the

outside of the cell.
For questions 5-10, use the terms that follow to label the action potential shown in the following figure.
a. Threshold
b. Resting potential
¢. Depolarization
d. Repolarization
e. Hyperpolarization

Action Befractary

50— potential |:-g41:3_r_1
—
= , :
£ — BT
= 0 - , ,
= : ;
S , :
[
= :
[
az P A h :
rE—. —56_",., Eq 1
: L=- 1 ('
= B
413 ' \
= 3 : t_mﬁ 0
—100 T T T T T T T

g v 2 3 4 & 8B 7
Time {milliseconds}
Action Potential in a Neuron

The transmission of a nerve impuise.



The Nerve Impulse

Ley idea: A nerve impulse involves the movement of an s this properly that enables neurons to transmit electrical
action potential along a neuron as a series of electrical  impulses. The resting state of a nsuron, with a net negative
depolarization events in'response to a stimulus. charge inside, is maintained by the sodium-potassium pumps,
The plasma membranes of cells, including neurans, contain  which actively move two K* into the neuron for svery three
sodium-potassium ion pumps which actively pump sodium  Na* moved out (below left). When a nerve is stimulated, a
jons (Na*) out of the cell and potassiumions (K*) into the cell.  brief increase in membrane permeability to Na* temporarily
The action of these ion pumps in neurons creates a separation  reverses the membrane polarity (a depolarization). After the
of charge {(a potential difference or voltage) either side of the  nerve impulse passes, the sodium-potassium pump restores
membrane and makes the cells electrically excitable. it  the resting potential.

T e

Next area to be stimulaté: 1Areairetuming toraling state

When a neuron is not t(_ansmmmg an impulse, the inside of

o}
the cell is negatlvely chargedréla 5't0 the outside and the each side of the membrane briefly reverses, Thls process of
cell is sald 16 b elabtrically potarized, The potential difference depolarization causes a burst of electrical activity to pass
(voltage) across the membrane is called the resting potential. along the axon of the neuron as-an.action. potential Asthe.:.

‘For miost fierve cells this 18 about -70'mV. Nerve transmission is charge réversal reachies orie region, iooal currents: depo!areze
possible because this membrane potential exists. the next region and the impulse spreads along the axon.

The depolarization in an axon can
be shown as a change in membrane

+50 mV —
potential (in millivolts), A stimulus
_ must be strong enough to reach the
2 threshold potential before an action
8 potential is generated. This is the
q voltage at which the depolarization of
@ the membrane becomes unstoppable.
[
=t
£ The action potential is all or nothing
= in its generation and because of this,
impulses (once generated) always
-50 mV reach threshold and move along the

axon without aftenuation. The resting

70 MV — potential is restored by the movement
\ of potassium ions (K*) out of the

cell. During this refractory period,

the nerve cannot respond, so nerve

impulses are discrete,

] ] | | ]
Q 1 2 3 4 5

Elapsed time in milliseconds

‘Voltage-Gated lon Channels and the Course of an Action Potential

Depolarization: . Repolarization: - Returning to resting state:

Resting state:

Voltage activated Na* Volitage activated -Na* Voitage activated Na* channels Voltage activated Na* and K*

and K* channels are channels open and there is a close and the K* channels channels close to return the

closed. rapid influx of Na* ions. The open; K* moves out of the cell, neuron to the resting state.
interior of the neuron becomes restoring the negative charge to

positive relative to the outside. the cell interior.
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Axon myelination is a feature of vertebrate Depotarized region el
nervous systems and it enables them (node of Ranvier) :
‘to-achieveVery rapid ‘speets of nérve -
“conduction. Myelinated tieurons:conduct«
impulses-by:saltatory conduction;aterm
. -that describes: how the impulse:-jumps along-
_the fibre. In a myelinated neuron; action -, -
: potentiais are generated only at the nodes,
_ which is where the voltage gated channels
oceur. The axon.is,insulated so the action
potential at one node is sufficient to tngg
an action potential in the next node and
the impulse jumps along the fibre, This
differs from nmpu!se transrmissien in'a hon-
myelinated neuron in which voltage-gated
channels occur along the entire length of the. B

Saltatory Conduction in
Myelinated Axons

Schwann cell

The charge will passively depolarize

axon. : “'the adjacent node of Ranvier to
As we s increa smg the & peed of threshold, triggering an action potential
in this region and subsequently
condugction, the myslin sheath reduces v depolarizing the next node, and so on.
energy expenditure becalisé the area Actian potential is
over which depolarization ocours is less genecated in the
={and therefore the number of sodiumand . .. axon hillack region.

potassium ions that need to be pumped to
restore the resting potential is-fewer). - )

G e e ORGSR e hatin Myelinated axons have gated
' channels only at their nodes.

1. What is an action potential?

2. (a) What oceurs during saltatory conduction?

(b) What mftuence does thls have on conduction speed?

Application: Analysis of an action potential-

- = = Trace of a real recording of an action potential
{rather than an idealized schematic). Recordings
of action potentials are often distorted compared
1o the schematic view because of variations in
the electraphysiological techniques used to
make the recording.

o records change
dlfference g
\ernbrane

v

Recordirgi-‘m

electrode

Membrane potential

3. The graph above shows a recording of the changes in-membrane potential En an axon during transmission of an action
potential. Match each stage (A-E) to the correct summary provided below.

Membrane depolarization (due to rapid Na* eniry across the axon membrane.

Hyperpolarization (an overshoot caused by the delay in closing of the K* channeis.

Return to resting potential after the stimulus has passed.

08

Repolarization as the Na* channels close and sfower K* channels begin to open.

JOobd

The membrane's resting potential.
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How Do Neurons Communicate?

Name(s) Date
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SYNAPTIC TRANLVIISSION

%, Cadt frigners
release of
nedratransroitter

from vesicles

2. Depolarization of
presynaptic termminal
opens ion channels
allowing caleiurn
(Caz*into cell

4 Neurotransmitter binds
“to receptor sites on
postsynaptic membrane.

Aition potential
reaches presynaptic
vﬁw_ﬂa_:w_m.ﬁ

action
potential

‘change in postsynaptic
merbrane potential .

=

into presy
terminal.
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Key idea: Chemical synapses are junctions between neurons,
or between neurons and receptor or effector cells.

Action potentials are transmitted across junctions called
synapses. Synapses can occur between two neurons,
or between a neuron and an effector cell (e.g. muscle or
gland). The axon terminal is a swollen knob, and a small
gap (synaptic cleft} separates it from the receiving neuron.
The synaptic knobs are filled with tiny packets of chemicals

called neurotransmitters. The neurotransmitter diffuses
across the gap, where it interacts with the receiving (post-
synaptic) membrane and causes an electrical response. In:
the example below, the neurotransmitter causes a membrane
depolarization and the generation of an action potential.
Some neurotransmitters have the opposite effect and cause
inhibition (e.g. slowing heart rate). Chemical synapses are
the most widespread type of synapse in nervous systems,

The Structure of a Chemical Synapse

Step 1: The arrival of a nerve impulse at the
end of the axon causes an infiux of calcium
ions and induces the vasicles to release their
neurotransmitter into the space between the

Synaptic
neurons (the synaptic cleft}.

knob

Axon of the
neuron.

Synaptic vesicles containing
neurotransmitter molecules.

Step 2: The neurotransimitter diffuses across
the synaptic cleft to receptors on the receiving
membrane. Diffusion across the cleft delays
the impulse transmission by about 0.5 ms.

Step 3: The neurctransmitter binds to
receptors on the receiving membrane
which can be another neuron or an
effector such as a muscle (photo
below), or gland.

Step 4: lon channels in the
membyane open, causing an

Artist's representation of a
chemical synapse between two
neurons.

Step 5: The neurotransmitier is
deactivated by enzymes located
on the membrane. Components of
the neurotransmitter are actively
reabsorbed back into the synaptic
knob, recycled, and repackaged.

influx of Na*. This response
may or may not reach

the threshold required to
generate a nerve impuise.

1. What is a synapse?

2. What causes the release of neurotransmitter into the synaptic cleft?

3. Why is there a brief delay in transmitiing an impulse across the synapse?

4. (a) How is the neurotransmitter deactivated?

{b) Why is it important for the neurofransmiiter substance to be deactivated soon after its release?

5. Suggest one factor that might influence the strength of the response in the receiving celi:







Date:

Name:

Reading Comprehension Strategies: PROBLEM/SOLUTION CHART

Dirsciions: Before you read the following passage, think about focusing on these four critical areas to problem-solving:

-identifying the probiem - listing the consequences or results of that probiem - isclating the causes and proposing solutions.

As you read the passage, underline important text that may help you to address these critical areas.

Discuss your thoughis with vou group and complete the chart on the back of this page.
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Name:

Date:

As we initially read the short passage please react to the reading by annotating on the right side of the

page. These can be questions, thoughts, or personal connections to the text. With a partner you will
share and discuss your reactions.

You will then number (CHUNK) each paragraph and reread the text together. Underline only important

vocabulary or concepts. Stop after each paragraph and summarize the GIST of the paragraph. Address
the 5 w’s- who, what, where, when, and how.

GIST

Summarize the 5 W’s
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Continue on back-—=>

https://www.youtube.com/watch?v=8tPJBbUTDc

Memory and Learning and cooperation and collaberation

Reactions to

Text




There are:

Summarize the Research into Memory and Learning passage:

https://www.youtube,com/watch?v=8tJPJBbUTDc
Memory and Learning and cooperation and coilaberation




Name A.

. Genetic
Date v—._—,—*lm:ﬂlmﬂ ™ Science
Learni
http://gslc.genetics.utah.edu nmwﬁ__‘:%

Mouse Party Neural Data Matrix

Log on to http.//gslc.genetics.utah.edu/units/addiction and observe the Mouse Party. Fill in the table
below, creating a sketch that summarizes the action of each drug in the “Summary lllustration” column.

Drug Neurotransmitter(s) Involved Action of Drug Summary llustration

If you need more room, use the back of the page

Heroin

Ecstasy

Marijuana

P

= Permission granted for classroom use.







6.5 S.1 Analysis of oscilloscope traces showing resting potentials and action potentials.
Neuron Simulation lab (Slide 25)
Go to http:/phet.colorado.edu/en/simulation/neuron and click ‘Run now”.
Use this link if you need help: http://en.wikipedia.org/wiki/Neuron

This is a simulation of the axon of a neuron. Let’s figure out how nerve signals travel down the
length of the axon.

1. Zoom in on the neuron. What protein structures are imbedded in the membrane?

2. What substance is there more of outside the neuron? What about inside? (Click “Show
concentrations” if you are unsure).

3. a. What is the charge of the inside of the cell? (Click “Show charge”
b. What is the charge of the outside of the cell?

c. If K+ and Na+ are both positive, how might a negative charge come about?

4. Zoom out and slow the sim down. Click “Stimulate neuron”. Holy cow! Describe what you saw.

5. a. Which way did Na+ move? Through what did it move to get there?
b. Which way did K+ move? Through what did it move to get there?
¢. What was the wave that moved down the neuron?

d. Why did the K+ and Na+ move?

e. Describe what happens to the charge on the inside and outside after the wave passes.

6. Can you stimulate the neuron again right after firing it? Why?

26



7. Click the button “Potential chart” Stimulate the neuron and draw the resulting graph below. Label

“threshold”, “stimulus”, “resting potential” and “undershoot” on your graph. Make the title “Action
Potential”

a. What does this graph show?

8. Is there a way to make the signal any stronger? Is there a way to make it stronger in an actual neuron?

9. What is the myelin sheath? Does this simulation have one?

10. How would the signal be different if there was a myelin sheath?

11. Pinch yourself. How fast does this process actually go in your neurons?

12. How is this simulation similar to and different from an actual neuron?

13. How does the signal travel from one neuron to the next? (not in simulation)

27
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