TERM 2: WEEK 6 – 7  (22nd June – 3rd July)
Strand 3:  Organism Level Biology    	 	  
	
Sub-strand 3.4 	Nervous System      

Lesson Activity 3.3

The specific learning outcomes (SLO) targeted in this activity are provided below:

	Specific Learning Outcomes: Students are able to 
	Skill level
	SLO code 
	Achieved
(Yes / No)

	Describe the structure of neurons
	2
	Bio3.4.2.1
	

	Describe the characteristics of neurons
	2
	Bio3.4.2.2
	

	Explain the mechanism of nervous signal production and transmission
	3
	Bio3.4.3.1
	

	Define action potential, resting potential
	1
	Bio3.4.1.1
	

	Differentiate between an action potential and a resting potential
	3
	Bio3.4.3.2
	

	Differentiate the actions of neuro transmitters between an action potential and a resting potential
	3
	Bio3.4.3.3
	

	Explain the function of chemical messengers provided by the nervous system
	3
	Bio3.4.3.4
	

	Discuss how the nervous, excretory and circulatory systems in a named animal work together to maintain a constant body environment
	4
	Bio3.4.4.1
	



Instructions:

i. If you have access to the internet, refer to Central School’s website: www.centralschool.edu.vu, Year 12 Biology folder Term 2 Week 6 – 7, to watch videos on nervous system and access other resources.
ii. Answer the following questions.










1. Neuron structure
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(Source: Holt, Rinehart, & Winston, 2006, pp.1005 – 1006)
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(Source: Holt, Rinehart, & Winston, 2006, p 1010)

a. Describe the structure of a neuron.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
b. Describe the function of the neuron.

______________________________________________________________________

 ______________________________________________________________________

______________________________________________________________________


c. Explain the mechanism of nervous signal production and transmission.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


2. Action potential and Resting potential
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(Source: Holt, Rinehart, & Winston, 2006, pp1007 - 1009)

a. Define action potential 

______________________________________________________________________

______________________________________________________________________

b. Define resting potential

______________________________________________________________________

______________________________________________________________________

c. Explain the differences between action potential and resting potential

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________


3. Explain the differences in the actions of neuro transmitters between action potential and resting potential.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

4. Explain the function of chemical messengers provided by the nervous system.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

5. Discuss how the nervous, excretory and circulatory systems in a named animal work together to maintain a constant body environment.

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________

______________________________________________________________________
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FIGURE 491

Neurons tansmit information
thioughout the body via chemical
and electical sgnals This telate
neuron s named for s starlike shape.
(5EM, 26,000X)

FIGURE 49-2

Neurons consist of dendries, which
bring signals toward the cell body, and
axons, which carry signals away flom
the cell body. At the tip of the axon, the
‘axon terminal makes contact witha
target cell,such as a muscle cel, gland
cel, or other neuron, at a synapse.

NERVE IMPULSES

About 200 years ago, scientists removed muscle from dead ani-
mals and passed electric current through it. The scientists dis-
covered that the current caused the muscle to contract just as it
did in life. Since then, scientists have learned a great deal about
neuron structure, shown in Figure 49-1 and Figure 492, and how
neurons affect other parts of the body, such as muscles.
Scientists have also learned that neuron function is dependent
on electrical activity.

Al cells, including neurons, have an electrical charge inside the
cell that is different from the electrical charge outside the cell. A
difference in the electrical charge across the cell membrane is
called a membrane potential. Membrane potentials are produced
by the movement of ions across the cell membrane. The movement
of ions depends on the ability of the ions to diffuse through the cell
‘membrane, the concentrations of ions inside and outside the cell,
and the electrical charge of the ions. As with batteries, membrane
potential is expressed as voltage.

fons diffuse across a neuron’s cell membrane by passing
through proteins that act as ion channels. Each type of channel
allows only specific fons to pass. Certain channels are voltage
gated—that is, whether these channels are open or closed
depends on the membrane potential. Even a small change in mem-
brane potential can affect the permeability of the cell membrane to
certain ions. As ions move into or out of the neuron, they, in turn,
affect the membrane potential.
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BRAI

The brain oversees daily operations of the body and interprets
vast amounts of information. The average adult human brain
weighs 14 kg (about 3.1 Ib), or about 2 percent of total body
weight. Despite its relatively small mass, the brain contains about
100 billion neurons. Functioning as a unit, these neurons make up.
one of the most complex structures on Earth. Scientists have
learned a great deal about the brain, but because the brain is so
complex, much remains to be discovered.

The brain is responsible for many of the qualities that make
each person unique—thoughts, feelings, memories, talents, and
emotions. However, much of the brain is dedicated to running the
body and maintaining homeostasis.
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ORGANIZATION OF THE
NERVOUS SYSTEM

As shown in Figure 495, the brain and spinal cord make up the
central nervous system. The brain is the control center of the ner-
vous system, and the spinal cord carries nerve signals between the
body and the brain. The brain interprets nerve signals from the
body and sends response signals that pass through the spinal cord
to the body.

The peripheral nervous system consists of neurons that have
cell bodies that are not included in the brain and spinal cord. Some
peripheral neurons collect information from the body and transmit
it toward the central nervous system. These neurons are called
afferent neurons. Other peripheral neurons transmit information
away from the central nervous system. These neurons are known
as efferent neurons.
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Resting Potential

Aneuron is at rest when it is not receiving or sending a signal. In a
neuron at rest, the concentration of negatively charged proteins
and positively charged potassium ions, K', is greater inside the cell
than outside. In contrast, the concentration of sodium fons, Na', is
greater outside the cell than inside. The concentrations of Na* and
K* ions are partly due to the action of the sodium-potassium pump,
which actively moves Na' out of cells while moving K in.

‘The cell membrane is permeable to some fons but not to others.
Na* fons do not readily diffuse through the membrane. So, they
accumulate outside the cell. Negatively charged proteins remain
inside the cell because they are too large to exit. K* ions, however,
pass freely through the membrane and tend to diffuse out of the cell.
This exit of positively charged K" fons and the retention of nega-
tively charged proteins eventually cause the interior of the neuron
to become negatively charged with respect to the exterior. This
charge difference s called the resting potential of the membrane. In
most neurons, the resting potential is about ~70 millivolts.

Action Potential

When a dendrite or cell body is stimulated, the permeability of the
neuron’s membrane changes suddenly. At the point of stimulation,
the cell membrane becomes permeable to Na* fons. The rush of
Na* ions into the cell opens voltage-gated channels in the mem-
brane that allow even more Na* ions into the neuron. As a result,
the interior of the neuron’s cell body becomes more positively
charged than the exterior. This reversal of polarity across the mem-
brane begins an action potential, shown in Figure 49-3. The action
potential starts where the cell body joins the axon.

FIGURE 493

© Atresting potential, a neuron's
inteior i negaively charged with
fespect 0 the extraceluar fuid around
the cell. @ The passage of an action
potential ove the membrane of the
axon reversesthis polarity, and the
inteior of the axon becomes more:
positively charged fora bief time.
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© At theresting potental,
sodium channels are closed
and some potasium
Channelsareopen.

@ ouring an acton
potential,sodium
hannels open,
allowing sodium
Jons to move nto
‘the axon.
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FIGURE 49-4
The presynapic neuron reeases
neurotransmitter molecules nto the
synapiic ceft. These moleculs bind to
receptorproteins In the postsynaptic
membrane, opening ion channes.
Posiive ons enterng through these
channels cause the mermbrane
potential of the postsynaptic neuron
10 become more positve. f the
membrane potential becomes
suffcenly positve, the postsynaptic
neuron wil generate an acton
potential, continuing the signal.

Voltage-gated channels exist along the length of the axon. As a
neuron is stimulated and the first small segment of the axon
becomes more positively charged, the change in voltage opens
channels in the next segment of axon membrane. As before, Na*
ions enter, driving the voltage in a positive direction and opening
channels in the next segment of axon. In this way, positive charges
pass down the axon membrane like dominoes falling in a row. Axon
potentials usually travel in one direction only—away from the cell
body, where they begin, and toward the axon terminal.

Shortly after they open, the voltage-gated channels for Na' ions
close. Then, voltage-gated channels for K' ions open. The result is
an abrupt outward flow of K* ions. The exterior of the cell again
becomes positively charged with respect to the interior of the cell.
This change in charge signals the end of the action potential.
However, the neuron cannot generate another action potential
until resting potential is restored. This period, during which the
neuron cannot send a signal, is called the refractory period.

After the action potential, the concentration of Na' ions inside
the cell is higher than when the cell is at rest, and the concentra-
tion of K' ions inside the cell is lower. lon channels and the
sodium-potassium pump help reestablish the resting concentra-
tions of Na* ions and K fons. Na' ions are moved out across the
cell membrane, while K* ions are moved in across the membrane.
Once the original ion concentrations are restored, the neuron is
ready for the next action potential. Restoration of resting potential
comes at a price. Neurons need a continuous supply of ATP to keep
the sodium-potassium pump operating. In fact, neurons consume a
great deal of the body’s daily energy.
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COMMUNICATION BETWEEN
| NEURONS

A neuron can communicate with another cell across the synaptic
cleft only after an action potential reaches the axon terminal. Vesicles
that contain neurotransmitters are stored in the axon terminal. When
an action potential reaches the axon terminal of the presynaptic neu-
ron, the vesicles fuse with the presynaptic membrane. This fusion
releases neurotransmitters into the synaptic cleft. The neurotrans-
‘mitters quickly diffuse across the synaptic cleft and bind to receptor
proteins embedded in the membrane of the postsynaptic cell. Thi
process is shown in Figure 494 on the previous page.

The interaction of neurotransmitter and receptor molecules
changes the permeability of the postsynaptic membrane by affect-
ing chemically gated ion channels. The opening of Na' channels in
the postsynaptic membrane causes the membrane potential of the
neuron to become more positive. If this change in membrane
potential is great enough, a new action potential is generated in the
receiving neuron. So, the electrical signal continues. However, the
release of neurotransmitters may cause the opening of too few Na'
channels in the postsynaptic membrane or may cause the opening
of other channels that allow negatively charged ions into the cell
As a result, the membrane potential of the receiving neuron will
not become positive enough or may become more negative. No
action potential will be generated in the receiving neuron, and the
nervous signal will terminate.

Neurotransmitters do not remain in the synaptic cleft indef
nitely. Instead, most neurotransmitters are cleared from the synap-
tic cleft shortly after they are released. Many presynaptic neurons
reabsorb neurotransmitters and use them again. At other
synapses, neurotransmitters are broken down by enzymes. The
reabsorption or breakdown of neurotransmitters ensures that their
effect on postsynaptic cells is not prolonged.
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| NEURON STRUCTURE

A meuron is a nerve cell. The nucleus of a neuron and most of its
organelles are located in the cell body. Extending from the cell body
in different directions are membrane-covered extensions of the cell
called dendrites. Dendrites receive information from other neurons
or other cells and carry the information toward the cell body.
Another cell extension, the axon, is a long, membrane-bound projec-
tion that transmits information away from the cell body in the form
of electrical signals called action potentials. A neuron may have a sin-
gle axon or branching axons that contact several other cells. The end
of an axonis called the axon terminal. It may contact and communi-
cate with a muscle cell, a gland cell, or another neuron.

‘The axons of many neurons are covered with a lipid layer known
as the myelin (MIE-uh-in) sheath. The myelin sheath insulates the
axon much as a rubber coating insulates an electrical cord. The
myelin sheath speeds up transmission of action potentials along
the axon. In neurons that are not part of the brain or spinal cord,
cells called Schwann cells surround the axon and produce myelin.
Gaps in the myelin sheath along the length of the axon are called
nodes of Ranvier (RAHN-vee-ay).

Neurons communicate with other neurons and other cells at
special junctions called synapses. Neurons usually do not touch
each other or other cells. Instead, a small gap, called a synaptic
cleft, is present between the axon terminal and the receiving cell.
At a synapse, the transmitting neuron is called a presynaptic
neuron. The receiving cell is called a postsynaptic cell.

Electrical activity in the neuron usually causes the release of
chemicals called neurotransmitters into the synaptic cleft. Often,
neurotransmitters cause electrical activity in another neuron. Thus,
the signaling activity of the nervous system is made up of electrical
activity within neurons and chemical flow between neurons.





