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CONCEPT: NERVOUS SYSTEM OVERVIEW
● The nervous system is how the body communicates with the brain
□ There are two main structures
- Peripheral nervous system (PNS) include the nerves throughout the body and __________
- Ganglia are neuron body clusters throughout the nerves that swell upon infection
- Cranial and Spinal nerves
- Central nervous system (CNS) includes the brain and spinal cord
- Analysis and integration of information
EXAMPLE:

Page 2

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 12 - THE NERVOUS SYSTEM I: NEURONS AND NEURONAL NETWORKS

□ There are two main divisions
- Sensory nervous system (afferent) receives _____________ and transmits it to the CNS
- Somatic sensory are the signals we consciously recognize (ex: touch, sight, etc…)
- Visceral sensory are the signals we do not consciously recognize (ex: heart, stomach, etc…)
- Motor nervous system (efferent) transmits information from the CNS to effectors
- Somatic motor are the parts that we consciously ____________(ex: skeletal muscles)
- Autonomic motor are the parts that we do not consciously control (ex: cardiac/smooth muscle)
EXAMPLE:

● There are three main functions of the nervous system
□ Collect information: Receptors monitor stimuli and relay signals to the nerves
□ Process information: The brain and spinal cord process information and determine a response
□ Initiate response: Effectors are muscle or glands that can respond to a brain or spinal cord signal
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CONCEPT: NEURON STRUCTURE
● There are several important structures of a neuron

Feature
Perikaryon

Location
The cell body of a neuron. Contains the nucleus and most of the
organelles

Chromatophilic substance (Nissl bodies)

(aka Nissl bodies) are the concentrated granules of RER (with
some free ribosomes) in the neurons.

Axon hillock

Triangular place where axon extends from cell body. It is rich in
ion channels, which can generate the action potential.

Axoplasm

Cytoplasm inside the axon of a neuron

Axolemma

Plasma membrane of axon
An axon that branches from the main axon. It ends in smaller
branches that synapse with other neurons.

Axon collaterals
Telodendria (axon terminal)

Branches that form at distal end of axon (and collaterals). An
axons terminal branches.

Synaptic knobs

Ends of the telodendria. What forms a synapse with another
neuron.

Neurofilaments

Intermediate filaments of the neuron. Provides structural support
to the axon.

Neurofibrils

Bundles of neurofilaments
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CONCEPT: CLASSIFYING NEURONS
● There are two ways to classify neurons:
□ By structure:
- Multipolar neurons have _____________ dendrites and a single axon; most common neuron
- Bipolar neurons have one dendrite and one axon extending from a cell body; unique in humans
- Unipolar (pseudounipolar) neurons have a single process from cell body that branches (like a “T”)
- Peripheral process is the branch from dendrites to cell body
- Central process is the branch from cell body to CNS
- Anaxonic neruons have only dendrites and no axons, or you cannot tell the axons from the dendrites
EXAMPLE:
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□ By function:
- Sensory neurons (afferent) transmit sensory information from the somatic sensory system to the CNS
- Most are unipolar, but some can be bipolar (ex: retina of eye)
- Motor neurons (efferent) transmit _________ information from CNS to the body
- All are multipolar
- Interneurons (association) reside in the CNS to receive, process, and store information; decide response
- 99% of all neurons
EXAMPLE:
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CONCEPT: NERVES
● Nerves are cable-like bundles of axons and are part of the PNS
□ Has three structures
- Endoneurium is an areolar ____________________ layer that surrounds each axon
- Perineurium is a dense irregular connective tissue layer that surrounds bundles of axons (fascicles)
- Epineurium is a thick dense irregular connective tissue layer that surrounds the _________________
EXAMPLE:

□ Nerves are classified based on where the originate
- Cranial nerves extend from the __________
- Spinal nerves extend from the __________
□ These nerves can be further classified by what they do
- Sensory nerves transmit signals to the CNS
- Motor nerves transmit signals from CNS
- Mixed nerves contain sensory and motor neurons, but transmit only one information type: sensory/motor
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CONCEPT: CELLS OF THE NERVOUS SYSTEM
Neuron Structure:
● Two halves of the nervous system: The Central Nervous System (CNS) and Peripheral Nervous System (PNS).
□ The CNS is the brain and spinal cord; the PNS is all the neurons outside of the ______________.
● The cells composing the nervous system may be broadly split into two classes: neurons and glia.
● Neurons are the basic functional unit of the nervous system. Typical neuron has three important parts:
□ Cell body holds all the neuron’s _____________________________ and is the location of some “processing.”
□ Axon is a long projection from the cell body that carries signals to the next neuron(s) in line.
□ Dendrites make contact (called “synapses”) with other neurons’ axons, bring signals in to the cell.
EXAMPLE: The anatomy of a typical neuron.

● There are many different shaped neurons in the nervous system.
□ Afferent Neurons—those carrying information _________________
the CNS—are sensory neurons.
-One long axon with sensory endings, periphery→spinal cord
-A cell body projects off the axon at some point.
□ Efferent Neurons—those carrying information from the CNS—are
motor neurons.
-Cell bodies in the spinal cord, axon into periphery.
EXAMPLE: A comparison of some other common neuron shapes:
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The Anatomy of a Synapse:
● Synapse= the point of _____________________ between a neuron and another cell. Where the two cells communicate.
□ A synapse consists of the axon terminal of the presynaptic neuron, the synaptic cleft, and a membrane of the
postsynaptic cell. (If the postsynaptic cell is a neuron, that membrane is part of a dendrite.)
EXAMPLE: The anatomy of a synapse.

The Union of Neuronal Structure and Function:
● Function of the nervous system: take in information from the surroundings, process it, and cause some response.
□ That is, Input→Integration→Output.
□ Structure of an individual neuron follows this pattern: Dendrites→Cell Body→Axons.
□ As does the nervous system as a whole: Afferent (Sensory) Neuron→CNS→Efferent (Motor) Neuron.
Glia:
● Glial cells are cells in the nervous system that are not neurons, and therefore do not carry signals.
□ Instead, they perform various ___________________________ functions—immune cells, protective, etc.
Some important glia:
● Oligodendrocytes in the CNS and Schwann Cells in the PNS produce myelin.
□ Myelin is a fatty substance that wraps around axons and speeds up signal transmission.
● Astrocytes promote tight junction development, keeping the Blood Brain Barrier tight and healthy.
EXAMPLE: An oligodendrocyte making myelin sheathes on an axon.
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PRACTICE 1: Guillain-Barre Syndrome is a demyelinating disease caused by sudden-onset immune system attack on the
axons (and their myelin sheathes) of neurons in the periphery. How will the function of neurons be affected in patients with
Guillain-Barre Syndrome?
a) They will have reduced ability to receive signals from other neurons.
b) They will have reduced ability to transmit signals to other neurons or body tissues.
c) They will have no change in function, because axons aren’t important.

PRACTICE 2: A neuron has its cell body in the spinal cord and sends an axon out into the periphery to synapse onto a
skeletal muscle fiber. When this neuron is activated, the skeletal muscle fiber becomes activated, and contracts. Which of
the following accurately describes this neuron?
a) Afferent neuron.
b) Efferent neuron.
c) Interneuron.
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CONCEPT: GLIAL CELLS
● Glial cells (neuroglia): are 10 times more abundant than neurons
□ In the CNS, they surround neuronal cell bodies, processes of axons and dendrites, these glial cells are:
- Astrocytes are star-shaped cells that contact blood capillaries and neurons
- Nurture, protect, and support the neurons; 90% of brain nervous tissue
- Most _________________ glial cell in the CNS
- Ependymal cells are simple cuboidal/ columnar cells that line brain ventricles and spinal cord canal
- Form a network of ependymal cells (choroid) and produce cerebrospinal fluid
- Have cilia (to facilitate CSF movement) and long microvilli (involved in absorption)
- Microglia are _______________ immune cells that survey the CNS for infection
- Make up <5% of nervous tissue
- Oligodendrocytes: the predominant glial cells in white matter
- has many processes (extensions), each process becomes the myelin around a portion of an axon
- Multiple of these large cells cover the full length of an axon
EXAMPLE:
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□ The glial cells of the PNS include:
- Satellite cells are flat cells that surround the cell body of ganglion to separate it from interstitial fluid
- Insulate the cell body and regulate nutrients and waste products
- Neurolemmocytes (Schwann cells) form the myelin sheath around a portion of only one axon.
- Are the _______________ to oligodendrocytes of the CNS.

EXAMPLE:
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REVIEW:

Location: ________________________

Location: ________________________
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CONCEPT: MYELINATION
● Myelination is when an axon becomes wrapped in myelin
□ Myelin is a white-ish covering of ______________ around the axon
- Made up of repeating units of plasma membrane and glial cells
□ Myelination is produced from:
- Oligodendrocytes in CNS; can myelinate many axons at the same time
- Neurolemnocytes in PNS; can myelinate only one axon at a time
□ Unmyelinated axons exist without a myelin
EXAMPLE:
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● Myelination occurs in a 1 mm portion of an axon
1. The myelination cell wraps around axon and squeeze the nucleus to the outside edge
2. The wrapping continues, and begins to form layers as it wraps around the axon
- Myelin sheath is made of the inner layers of ______________________
- Neurilemma is the periphery that contains the cytoplasm and nucleus
□ Neurofibril nodes (nodes of Ranvier) are the gaps between myelation
EXAMPLE:
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CONCEPT: ELECTRICAL SIGNALS IN NEURONS I: MEMBRANE POTENTIAL VOCABULARY
Review of Membrane Potentials:
● Recall that neurons—like most cells—have a separation of charge across their cell _____________________.
□ Membrane potential (Vm) is the voltage resulting from the charge separation.
□ Equilibrium Potential (Eion) is the value of Vm at which there is no net force on that particular ion.
-Every ion has its own Eion, which can be calculated using The Nernst Equation.
-Any ionic current flowing across a membrane will flow in a way that brings Vm toward Eion.
□ The resting membrane potential (Vrest) for most neurons is about -70 mV—inside of the cell is more negative.
- Due to the concentration gradients of Na+ and K+ set up by the Na+/K+ ATPase and the open K+ channels
in the membrane allowing a K+ current to flow and pull Vm toward EK+.
● Neurons use their membrane potentials—and changes in them—as a way to carry _____________________.
EXAMPLE: The charge separation across the cell membrane—with more negative charge on the inside of the cell—creates
the inside-negative resting membrane potential
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Vocabulary for Membrane Potential Changes:
● “Normal” Vrest is a polarized value. Some special words to describe changes in membrane potentials:
□ Depolarization= change in membrane potential toward zero, away from the inside-negative Vrest.
-Sometimes, if Vm is above zero and becoming more ______________, this phase is called the overshoot.
□ Repolarization= change in membrane potential back toward Vrest from some more inside-positive value.
□ Hyperpolarization= if the membrane potential becomes more inside-negative than Vrest.
● Function of neurons is to change their membrane potentials in response to the outside world.
□ Neuron depolarize when they are “carrying a signal” and stay polarized when they are not.
EXAMPLE: A visualization of depolarization, repolarization, and hyperpolarization.
Vm (mV)

(Overshoot)

0 mV

Time (ms)

Depolarization

Repolarization

-70 mV

Hyperpolarization
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PRACTICE 1: A neuron is at Vrest= -70 mV. A Na+ channel opens; later, the membrane potential is measured again at
Vm=+30 mV. Which of the following accurately describes this change? (Choose all that apply.)
a) Depolarization.
b) Repolarization.
c) Hyperpolarization.

PRACTICE 2: In the process of carrying a signal, a neuron’s membrane potential goes from +25 mV to -90 mV. The
neuron’s usual Vrest= -70 mV. Which of the following accurately describes this change? (Choose all that apply.)
a) Depolarization.
b) Repolarization.
c) Hyperpolarization.
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CONCEPT: ELECTRICAL SIGNALS IN NEURONS II: GRADED VS. ACTION POTENTIALS
Graded Potentials vs. Action Potentials:
Neurons undergo two different types of depolarization-- graded potentials and action potentials.
● Graded Potentials are small, brief changes in membrane potential.
● Action Potentials (AP) are larger, more dramatic _____________________________ events.
Cause:
Graded Potentials

Positive charge enters at
one place, spreads out.

Action Potentials

Carried by ion channel
activation (more later)

Decremental or
Regenerative
Spread?
Decremental—gets
smaller as moves from
origin.
Regenerative—do not
get smaller as travel.

Passive or Active
Spread?

Effect of Stimulus
Size?

Passive—
depolarization only
happens once.
Active— depol. gets
“regenerated” at
points along the way.

↑Stimulus→↑Graded
Potential Size
“All-or-none”—size of
stimulus has no effect
on AP size.

EXAMPLE: Graded potentials start large near their point of origin and then get smaller as they decrementally spread.
Vm

Vm

Vm

t

Na+

Na+

t

Na+

t

Na+

Na+

EXAMPLE: AP spread is active—their size does not change as the signal moves along.
Vm

Vm

Vm
t

t

t

Na+

Na+

Na+

Na+

Na+

Na+

Na+

Na+
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PRACTICE 1: A neuron is depolarized by an electrode. 10 mm away from the stimulation site, you measure Vm= +10 mV.
30 mm away from the stimulation site, you measure Vm= -40 mV. Which of the following describes the mechanism by which
the depolarization is spreading?
a) Regenerative (active) spread.
b) Decremental (passive) spread.
c) Nutella spread.

PRACTICE 2: A neuron is depolarized by an electrode. 10 mm away from the stimulation site, you measure Vm= +40 mV.
30 mm away from the stimulation site, you measure Vm= +40 mV. Which of the following describes the mechanism by which
the depolarization is spreading?
a) Regenerative (active) spread.
b) Decremental (passive) spread.
c) Can’t Believe It’s Not Butter! spread.
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CONCEPT: ELECTRICAL SIGNALS IN NEURONS III: ACTION POTENTIALS
Voltage-Gated Ion Channels—The Causes of Action Potentials:
● Axon membranes have voltage-gated Na+ channels (VGNaCs) and voltage-gated K+ channels (VGKCs).
□ Special ion channels that are closed when Vm=Vrest, but open if the membrane becomes ___________________.
□ Opening of voltage-gated channels=activation; closing=deactivation.
□ For both these channels, activation is caused by depolarization and deactivation is caused by repolarization.
● Voltage-gated channels have a threshold potential (Vthresh).
□ Vm must become depolarized to or past Vthresh in order for voltage-gated channels to activate.
The Shape of an Action Potential:
● An action potential is characterized by a steep, rapid depolarization followed by a rapid repolarization.
Vm (mV)

1. The membrane is at Vrest.

ENa+= +30 mV

2. Some depolarization spreads decrementally into this
region of membrane from somewhere else in the cell.
3. Depolarization activates VGNaCs. Na+ current

0 mV

Time (ms)

drives Vm upward toward ENa+.
-INa+→More depolarization.

3
4

4. VGNaCs inactivate (more soon) while VGKCs
finish activating. K+ current drives Vm back
toward EK+ (which is near Vrest).
-IK+→Repolarization
5. VGKCs and VGNaCs are deactivated by
repolarization.

Vthresh= -55 mV

Vrest=-70 mV

- Slow deactivation of VGKCs causes

EK+=-90 mV

1

2
6
5

Vm to hyperpolarize closer to EK+ than Vrest.
6. VGKCs and VGNaCs fully deactivate→Vm returns to Vrest.
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Voltage-Gated Ion Channel Behavior as Feedback Loops:
● Activation of voltage-gated channels is caused by depolarization, deactivation is caused by repolarization.
□ Activation of VGNaCs allows a depolarizing Na+ current (ENa+=+30 mV).
□ Activation of VGKCs allows a repolarizing K+ current (EK+=-90 mV).
● Activation/deactivation of voltage-gated channels can be represented as ___________________________ loops.
□ Activation of VGNaCs is positive (!) feedback—activation caused by depolarization→more depolarization.
□ Activation of VGKCs is negative feedback—activation caused by depolarization→repolarization.
EXAMPLE: The activation of voltage-gated channels as feedback loops. (Remember that g=conductance and I=current).

+

Vm

-

Vm

+
INa+

+

gNa+

+
IK+

gK+

+

● Something else must be going on to break the positive feedback loop involved with VGNaC activation.
The Inactivation of Voltage-Gated Na+ Channels:
● Voltage-gated Na+ channels are subject to time-dependent INactivation.
□ They activate (as a result of depolarization). Then, after a set amount of time, a part of their structure called the
inactivation particle or ball-and-chain swings into the channel pore and closes it.
□ Inactivation breaks the positive feedback loop. Allows the K+ current to take over and cause repolarization.
EXAMPLE: The inactivation of VGNaCs, caused by the ball and chain mechanism, breaks the positive feedback loop.

+

Vm

+
INa+

+

gNa+

Page 22

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 12 - THE NERVOUS SYSTEM I: NEURONS AND NEURONAL NETWORKS

PRACTICE 1: Amiodarone is a medicine that blocks voltage-gated K+ channels. Which of the following phases of a normal
neuronal action potential will be affected by the administration of amiodarone?
a) Depolarization.
b) Repolarization.
c) Polarization.
d) Polarbear-ization.

PRACTICE 2: Lidocaine is a medicine that blocks voltage-gated Na+ channels. Which of the following phases of a normal
neuronal action potential will be affected by the administration of amiodarone.
a) Depolarization.
b) Repolarization.
c) Polarization.
d) Pole-dancing.

Page 23

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 12 - THE NERVOUS SYSTEM I: NEURONS AND NEURONAL NETWORKS

CONCEPT: ACTION POTENTIAL PROPAGATION
The Spike-Initiating Zone—the Origin of Action Potentials:
● Graded potentials and action potentials (APs) are events at one specific, tiny patch of cell membrane.
□ These signals have to _______________________ all the way through a neuron (and into other neurons).
● Spike-initiating zone= the part of the axon where the first voltage-gated channels are located.
□ In a whole neuron, an AP “starts” when a graded potential (decrementally-spreading depolarization) reaches this.
□ If it’s big enough to bring Vm past Vthresh, the VGNaCs activate→an AP.
EXAMPLE: Action potentials begin at the spike-initiating zone in a neuron.
Vm

Vm
t

t

Spike Initiating Zone

Longitudinal Currents and AP Spread:
● For an AP to travel along an axon, voltage-gated Na+ channels (VGNaCs) farther along must be brought to threshold.
□ During an AP, lots of Na+ rushes into the cell, causing the depolarization phase of the AP.
□ This Na+ forms longitudinal currents—it spreads passively to the next region of membrane, activating VG
channels (thus starting an AP) there.
EXAMPLE: Na+ that enters the axon during an AP spreads along the axon initiates an AP at the next VG channels.
Vm

Vm
t

t

t

Na+

K+

K+

Vm

Na+

Na+

Na+

Na+
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Active vs. Passive Spread—The Benefit of Myelination:
● There’s a trade-off for neurons between using active spread (APs) and passive spread (decremental, graded potentials).
Passive Spread

Active Spread

Conduction Velocity

Very fast—like electricity through wire.

Slow—requires changes in protein conformation

Spread

Decremental— gets smaller (may die)

Regenerative—never gets smaller (new depol.)

□ Trade-off: generate an AP often enough that the signal doesn’t die, but not so often that conduction is too slow.
● Myelination speeds up conduction by limiting the number of times APs have to be generated.
□ Myelin wraps around portions of axon. Between myelinated portions are unmyelinated Nodes of Ranvier.
□ VG Channels are in the membrane only at Nodes of Ranvier; APs are generated here.
□ Depolarization occurs at the ___________ then spreads passively under the myelinated portion to the next Node.
-Passive spread is very fast.
-Myelination helps prevent “leakage” of charge, reducing amount of decrementation (decrease in size).
□ Saltatory Conduction is the name for this “jumping” of the AP from Node to Node.
EXAMPLE: Saltatory conduction along a myelinated axon.
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PRACTICE 1: A neuron is depolarized from Vrest= -70 mV to -30 mV in its dendrite. As a result of this depolarization, Vm at
the spike-initiating zone remains at Vm= -70 mV. Which of the following is likely to happen in this neuron as a result of this
depolarization in the dendrite?
a) The neuron will fire an action potential.
b) The neuron will not fire an action potential.
c) The neuron will laugh at the tickle induced by this depolarization.

PRACTICE 2: Multiple sclerosis is a chronic disease characterized by demyelination of neuronal axons. Which of the
following accurately describes the predicted effects of multiple sclerosis on neuronal conduction velocity and action potential
spread, respectively?
a) Increase conduction velocity; more regenerative spread.
b) Increase conduction velocity; more decremental spread.
c) Decrease conduction velocity; more regenerative spread.
d) Decrease conduction velocity; more decremental spread.
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CONCEPT: THE REFRACTORY PERIOD
The Refractory Period(s):
● Depolarization that enters during an AP doesn’t only spread “forward.” But, AP only actually travels forward. Why?
● The refractory period is the period of time after an AP during which a region of membrane can not have a ________ AP.
□ Absolute Refractory Period is when any stimulus—any depolarization—will not cause an AP.
-During VGNaC inactivation, before the membrane has repolarized enough to remove inactivation.
□ Relative Refractory Period is when a large stimulus—more depolarization—is needed to get an AP.
-During after-hyperpolarization, when gK+ is high (VGKCs still open) so membrane farther from threshold.
-AP is smaller than usual, because some VGNaCs still inactivated, so can’t contribute to AP.
EXAMPLE: The timing of the absolute and relative refractory periods during an AP.
Vm (mV)
ABSOLUTE
REFRACTORY

ENa+= +30 mV

0 mV

Time (ms)

3
4

Vthresh= -55 mV

Vrest=-70 mV

1

2
6
5

EK+=-90 mV

RELATIVE
REFRACTORY

● Depolarization that spreads “backwards” encounters VGNaCs that are _______________ (in absolute refractory periods).
EXAMPLE: “Backwards” spread of an AP doesn’t normally happen because of the absolute refractory period.
VGNaC INactivated

Na+

VGNaC Open
Na+

Na+

VGNaC Closed

Na+
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PRACTICE 1: You have a big neuron siting in a dish. You stick an electrode into the middle of the axon and depolarize it.
Identify each of the following as true or false. For each, why?
1) The AP spreads toward the axon terminal/synapse.
2) The AP spreads toward the cell body.

PRACTICE 2: Amiodarone is a drug that blocks voltage-gated K+ channels. Assuming complete blockage of voltage-gated
K+ channels, which of the following will be prolonged in a neuron treated with amiodarone?
a) Absolute Refractory Period.
b) Relative Refractory Period.
c) Kind of Refractory Period.
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CONCEPT: NEURONAL CELL-TO-CELL COMMUNICATION: SYNAPTIC TRANSMISSION
The Anatomy of a Synapse:
● Synapse is the contact/communication point between one neuron and another neuron or an organ.
□ An axon terminal of a pre-synaptic neuron, the synaptic cleft, and a post-synaptic cell (neuron or organ).
-Synaptic cleft is a small space filled with extracellular fluid.
□ For a signal to cross a synapse, the cells need to transduce the signal: electrical event in the neuron→something
that can cross the synapse→an electrical event or something that can change organ function.
● Two general kinds of synapses:
□ Electrical Synapses are gap junctions between neurons, allowing AP to spread across the synapse. (No more.)
□ Chemical Synapses use a chemical messenger called neurotransmitter to cross the synapse.
EXAMPLE: A general synapse, with important parts labelled.

Page 29

ANATOMY & PHYSIOLOGY - CLUTCH
CH. 12 - THE NERVOUS SYSTEM I: NEURONS AND NEURONAL NETWORKS

Chemical Synaptic Transmission:
● At chemical synapses, the action potential (AP) in the pre-synaptic neuron

Action Potential

causes release of neurotransmitter (NT) into the cleft. The NT diffuses across the

Na+

1

cleft and binds to receptors on the post-synaptic membrane. The steps are:

K+

1. The AP reaches the axon terminal.
2. The AP activates voltage-gated Ca2+ channels. Ca2+ enters cell.

Axon Terminal
of
Pre-Synaptic Neuron

Voltage-gated Ca2+
channel

3. Ca2+ binds to synaptic vesicles, which sit docked on the

2

membrane, storing NT. Binding of Ca2+ causes the vesicle to fuse
with the membrane, leading to exocytosis of the NT.

Ca2+
3

Synaptic Vesicle

Ca2+

Ca2+

4. NT diffuses into and across the cleft.
5. NT binds to its receptors on the post-synaptic cell→some effect.

Ca2+

4

Synaptic Cleft

Neurotransmitter

5

Post-Synaptic Receptor Types:

Postsynaptic Cell

● Effect that a synapse/NT has on a post-synaptic cell depends on the receptor type. Two general receptor types:
□ Ionotropic receptors are ligand-gated ion channels. Chemical (NT) Signal→Electrical Signal.
□ Metabotropic receptors are linked to an intracellular signaling cascade (usually G-protein-coupled).
-End effect may be to open ion channel(s), or some other change in the cell.
EXAMPLE: Mechanism of action for ionotropic vs. metabotropic receptors.
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Signal Termination—Diffusion vs. Reuptake vs. Degradation:
● Once NT has been released into the cleft, it eventually has to be _________ so that the synapse becomes inactive again.
□ Diffusion- NT may just diffuse out of the cleft, away from the post-synaptic membrane.
□ Re-Uptake- Pre-synaptic neuron may re-uptake the NT so it can be used again.
□ Degradation- Enzymes in the cleft may degrade the NT. (Usually pre-synaptic neuron then takes in the parts.)
EXAMPLE: Synaptic signaling may be terminated by diffusion, re-uptake, or degradation of the NT.

Reuptake Through
Transporter

Degradation:
Nonfunctional NT Pieces
NT Diffuses Away
Enzyme
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The Neuromuscular Junction—An Important Synapse Example:
● The neuromuscular junction (NMJ) is a very important, well-studied synapse.
□ The NMJ is the location of communication between a motor neuron and a skeletal muscle fiber.
Action Potential

-Turns motor neuron AP into skeletal muscle AP→contraction.

Na +

● At the NMJ, the NT= acetylcholine and the post-synaptic receptors=
K+

nicotinic acetylcholine receptors (nAchRs).
□ nAchRs are mixed cation channels—they let both Na+ and K+

Vo
lta
g

cross the membrane.
-By the GHK, increasing both PNa+ and PK+ will
be, overall, depolarizing.
-Creates small depolarization (graded potential)
called an endplate potential (EPP). If above
Vthresh, activates VGNaCs and VGKCs in the
muscle’s membrane.

e-g
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dC

a 2+
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Na + /Choline
Cotransporter

Ca 2+

Na +
Choline

Synaptic Vesicle

Ca 2+
Ca 2+

Acetate
+
Choline
Acetylcholine

Acetylcholinesterase
(AchE)

Na +
Na +

nicotinic AchR

□ Ach is degraded in the cleft by the enzyme
acetylcholinesterase (AchE) into Acetate and Choline.
-The choline gets transported back into the axon
terminal to be recycled.

an

Ca 2+

K+

Postsynaptic
Skeletal Muscle
Fiber

Na +

Endplate
Potential
K+

Action
Potential
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PRACTICE 1: Lambert-Eaton Syndrome is a disease at the NMJ caused by immune system attack on voltage-gated Ca2+
channels in the presynaptic membrane. Which of the following is likely true of NMJs affected by Lambert-Eaton Syndrome?
(Choose all that apply.)
a) Increased release of Ach.
b) Decreased release of Ach.
c) Increased binding of Ach to nAchRs.
d) Decreased binding of Ach to nAchRs.

PRACTICE 2: Myasthenia Gravis is a disease at the NMJ caused by immune system attack on nicotinic acetylcholine
receptors. Which of the following is likely true of NMJs affected by Myasthenia Gravis? (Choose all that apply.)
a) Increased release of Ach.
b) Decreased release of Ach.
c) Increased binding of Ach to nAchRs.
d) Decreased binding of Ach to nAchRs.

PRACTICE 3: Physostigmine is a drug that inhibits acetylcholinesterase. Which of the following is likely true of NMJs
treated with physostigmine? (Choose all that apply.)
a) Increased release of Ach.
b) Decreased release of Ach.
c) Increased binding of Ach to nAchRs.
d) Decreased binding of Ach to nAchRs.

PRACTICE 4: Nicotinic acetylchoine receptors, when bound to Ach, open to allow Na+ and K+ to cross the membrane of
skeletal muscle fibers. Which of the following accurately describes nAchRs?
a) Ionotropic receptor.
b) Metabotropic receptor.
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CONCEPT: SYNAPTIC INTEGRATION I—POST-SYNAPTIC POTENTIALS (EPSPs & IPSPs)
Post-Synaptic Potentials:
● NT binding to ionotropic receptors opens ion ___________________________ in the post-synaptic cell membrane.
□ Causes a post-synaptic potential, a special type of graded potential from NT activating post-synaptic receptors.
EXAMPLE: The binding of Ach to nAchRs allows INa+ and IK+ to cross the membrane, causing a post-synaptic potential.

K+
Acetylcholine
Nicotinic Acetylcholine
Receptor

Na+
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Excitatory vs. Inhibitory PSPs:
● All excitable cells—neurons, muscles, etc.—have a threshold potential (Vthresh), which is the minimum value of Vm the
membrane must reach to activate voltage-gated Na+ channels and initiate an AP.
□ Depolarization that is subthreshold does not cause an AP.
EXAMPLE: The first two “failed initiation” depolarization events are subthreshold, so don’t cause an AP.

● Often, 1 PSP from 1 AP from 1 neuron is not enough to bring the post-synaptic cell to threshold→Need multiple APs.
● PSPs may be excitatory or inhibitory.
□ Excitatory PSPs (EPSPs) depolarize the post-synaptic membrane.
-Bring it closer to Vthresh, making an AP more likely.
□ Inhibitory PSPs (IPSPs) hyperpolarize the post-synaptic cell membrane.
- Pull it away from Vthresh, making an AP less likely.
EXAMPLE: An EPSP and IPSP.
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PRACTICE 1: γ-aminobutyric acid (GABA) is a neurotransmitter important in brain function. GABA binds to GABA receptors
on post-synaptic neurons; when GABA is bound to GABA receptors, the GABA receptors open to allow Cl- to cross the cell
membrane. For neurons in the brain, ECl-= -90 mV. Which of the following describes the post-synaptic potentials caused by
GABA binding to GABA receptors in the brain?
a) Excitatory PSP.
b) Inhibitory PSP.

PRACTICE 2: Nicotinic acetylcholine receptors are post-synaptic receptors throughout the body. When Ach is bound to
them, nAchRs open to allow Na+ (and K+, but mostly Na+) to cross the cell membrane. For neurons in the brain, ENa+=+60
mV. Which of the following describes the post-synaptic potentials caused by Ach binding to nAchRs receptors?
a) Excitatory PSP.
b) Inhibitory PSP.
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CONCEPT: SYNAPTIC INTEGRATION II: SUMMATION
Summation at Synapses:
● “Thinking” is performed by interneurons in the CNS.
□ Interneurons take in input (make synaptic contact) with many other neurons, summate those inputs, then make a
“decision” about whether or not to fire an AP.
● The function of interneurons is to summate—add up—all the PSPs they get.
□ If the summation results in a net PSP that is suprathreshold—above Vthresh—VGNaCs activate→AP.
□ If the summation results in a net PSP that is subthreshold—still below Vthresh—no VGNaCs activate→ no AP.
EXAMPLE: An EPSP and IPSP can summate to create a smaller EPSP.

EXAMPLE: Several EPSPs can summate to reach Vthresh, activate VGNaCs, and cause an AP.
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Mechanisms of Summation—Temporal vs. Spatial:
● Temporal Summation is when one pre-synaptic neuron carries __________ high-frequency APs into the same synapse.
□ ↑APs→↑NT Release→↑PSP Size (happen on top of each other)→↑Likelihood of AP in postsynaptic cell.
EXAMPLE: Temporal summation at a synapse can allow individually-subthreshold PSPs to sum into a suprathreshold one.
Vm
t

Vthresh
High-Frequency APs

Summation of PSPs

Lots of
NT Release

● Spatial Summation is when separate pre-synaptic neurons synapse with, and cause PSPs in, same post-synaptic cell.
EXAMPLE: Spatial summation can allow individually-subthreshold PSPs from separate pre-synaptic inputs to sum into a
suprathreshold one.
Vm
Vthresh

t

Summation of PSPs

~Simultaneous APs
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PRACTICE 1: Neurons in the cerebellum (a part of the brain) receive input from many neurons originating in many other
places in the CNS. Which of the following describes the type of summation that occurs in a cerebellar neuron receiving input
from two other neurons: one from the spinal cord and a second from the basal ganglia?
a) Temporal Summation.
b) Spatial Summation.
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CONCEPT: COMMON NEUROTRANSMITTERS AND RECEPTORS
Excitatory and Inhibitory Neurotransmitters and Receptors:
● Ultimately, whether a specific NT causes an EPSP or IPSP depends on the receptor it activates.
● A table of some important neurotransmitters, their receptors, their common location, and their effects:
Neurotransmitter:

Receptor:

Effect:

(Main) Location:

Receptor Type:

Acetylcholine

Nicotinic
Acetylcholine
Receptor (nAchR)

Excitation

Neuromuscular
Junction, Autonomic
Ganglia

Mixed-Cation
Channel

Muscarinic
Acetylcholine
Receptor (mAchR)

Inhibition,
but it’s
complicated

Various Organs (Heart, GPCR
GI Tract, etc.)

Norepinephrine

α1, β1, or β2
Adrenergic
Receptors

Excitation,
usually

Various Organs (Heart, GPCR
Blood Vessels, etc.)

Glutamate

AMPA, NMDA

Excitation

Throughout CNS.

Mixed-Cation
Channel

GABA

GABA Receptor

Inhibition

Throughout the brain.

Cl- Channel
(→hyperpol.)

Glycine Receptor

Inhibition

Throughout the spinal
cord.

Cl- Channel

(γ-aminobutyric acid)
Glycine

EXAMPLE: The anti-anxiety and muscle-relaxing drug Xanax® works by binding to and activating GABA receptors. This
leads to CNS-wide inhibition and subsequent calming and relaxation.
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