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Neurons 
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Membrane Potential 
•  K+ ions continue to move across the 

membrane, but their inward and outward 
movements exactly balance each other. 

•  The potential difference (voltage) under these 
equilibrium conditions is called the equilibrium 
potential. 

More K+ inside 
and Na+ outside 
of the neuron 

Membrane Potential (Vm) 
In a neuron, membrane potential is determined by 2 factors: 
1)  Large chemical gradients for K+ and Na+ across the plasma 

membrane  
Na+ / K+ ATPase is required to maintain this gradient  

AND 
2) Permeability of plasma membrane to ions 

Membranes of resting cells are permeable to K+ 
K+ flux via passive (leaky) K+ channels is most important contributor to 

Vm 

Na+ flux also contributes to Vm 

* Resting membrane potential in a neuron is usually  
approximately -70mV. 
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Our example: vertebrate motor neuron 
•  Signal is a neurotransmitter (in other neurons, the 

signal may be electrical, chemical, mechanical, etc.) 
•  Neurotransmitter must bind to a receptor. 
•  Receptor is a ligand-gated ion channel. 
•  These receptors are concentrated on the dendrites 

and cell body. 
•   Neurons contain gated ion 
channels that open or close 
in response to stimuli 
(voltage- or ligand-gated) 

Production of an Action Potential 

•  An action potential occurs if a stimulus 
causes the membrane voltage to cross 
a particular threshold at the axon 
hillock. 

•  An action potential is a brief all-or-none 
depolarization of a neuron’s plasma 
membrane 
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Action Potentials 
•  Three stages: 
Depolarization 
Repolarization 
After-hyperpolarization 
or undershoot 
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During the undershoot, membrane permeability 
to K+ is at first higher than at rest, then voltage-
gated K+ channels close; resting potential is 
restored 
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•  A neuron can produce hundreds of action potentials 
per second. 

•  During the refractory period after an action 
potential, a second action potential cannot be 
initiated. 

•  The refractory period is a result of a temporary 
inactivation of the Na+ channels. 

•  Inactivated Na+ channels behind the zone of 
depolarization prevent the action potential from 
traveling backwards. 

•  Action potentials travel in only one direction: toward 
the synaptic terminals. 

ACTION POTENTIALS 

APs travel long distances 
•  It is not actually individual APs that flow down the 
axon. 
•  Each AP triggers an AP in adjacent regions of the 
axonal membrane… like knocking over dominoes. 
•  So, each AP is just as strong as the last one- there is 
no degradation. 
•  An AP could theoretically move up or down the axon, 
but in the organism, the AP is initiated at the axon 
hillock, so it always moves from there to the axon 
terminal. 
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The Synapse 

•  The neuron must transmit the 
signal (AP) across the 
synapse to the target cell. 

•  Presynaptic cell, postsynaptic 
cell, synaptic cleft. 

•  For a motor neuron, the 
synapse is the neuromuscular 
junction. 

The Synapse 

•  The presynaptic neuron synthesizes and packages the 
neurotransmitter in synaptic vesicles located in the synaptic 
terminal 

•  The action potential causes the release of the neurotransmitter  

•  The neurotransmitter diffuses across the synaptic cleft and is 
received by the postsynaptic cell. 
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Functional organization of the 
Nervous System 

•  Most animals are bilaterally symmetrical 
•  Allows for cephalization: concentration of 

sense organs and nervous integration 
centers at the anterior end of the body. 

•  Animals move in a particular direction. 
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•  Vertebrate CNS (central 
nervous system) is 
encased in bone and 
cartilage (brain and spinal 
cord). 

•  The rest is the peripheral 
nervous system. 

The brain and the spinal cord 
are made up of gray matter 
(neuron cell bodies and 
dendrites) and white matter 
(bundles of axons and 
associated myelin sheaths). 
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CNS development 
•  The brain and spinal cord 

develop from a hollow 
tube (neural tube). 

•  The posterior portion 
forms the spinal cord and 
the anterior portion 
swells and forms 3 
(basic) sections of brain. 

•  The brain and spinal cord 
are hollow (ventricles in 
the brain) filled with 
cerebrospinal fluid 
(CSF). 

Vertebrate Brains 

•  All vertebrates have the same basic 
structure of the brain, no new structures, 
just enlarged sections of brain. 

•  In birds and mammals, the forebrain is 
enlarged. 



5/13/11 

10 

•  FOREBRAIN:  
•  Telencephalon -> 

cerebrum 
• Specialized for 

information processing, 
perception, voluntary 
movement, learning 

•  Diencephalon -> 
hypothalamus, thalamus, 
epithalamus. 

• Specialized for 
processing and 
integrating sensory 
information, 
coordinating behavior, 
and maintaining 
homeostasis. 

Corpus callosum connects the two hemispheres allowing them 
to communicate. 

MIDBRAIN is greatly reduced 
in mammals. 
Important for some 
coordination and sensory 
integration. 
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HINDBRAIN includes the 
medulla oblongata15, pons14 and 
cerebellum25-29. 
Often called the “primitive brain”. 
Supports vital body functions 
(breathing, circulation and 
coordination of movement). 
Cerebellum integrates sensory 
input from eyes, ears and 
muscleà coordination. 
 

The mammalian cerebrum integrates 
and interprets sensory information 
and initiates voluntary movements. 

Highly folded- WHY? 
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Four Regions (based on names of 
bones that overlie them) 

Frontal lobe: reasoning, planning of 
action and movement, and some 
aspects of speech. 

Parietal lobe: movement, orientation, 
recognition and perception of stimuli. 

Occipital lobe: visual processing 

Temporal lobe: perception and 
recognition of auditory stimuli, 
memory and speech. 

Some regions of the brain are 
organized topographically 
(homunculus). 

The best examples of these are the 
somatosensory cortex and the 
primary motor cortex. 

In these regions, various parts of the 
body are represented by 
disproportionate areas of the brain. 
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The size of the cortical region typically reflects the number of sensory or motor 
neurons present in that body part, rather than the size of that body part. 

Peripheral Nervous System 

•  Afferent neurons- carry sensory 
information to integrating centers. 

•  Efferent neurons- carry signals from 
integrating centers to govern physiological 
responses and behaviors. 
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Peripheral Nervous System 

Autonomic Nervous System 

•  Involuntary, homeostatic regulation of most 
physiological functions. 

•  Made up of sympathetic, parasympathetic and 
enteric nervous systems. 

•  Sympathetic: “fight or flight”, active during 
stress or physical activity. 

•  Parasympathetic: “rest and digest”, most 
active during rest. 
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Autonomic Nervous System 

•  Maintain homeostasis via: 
– Dual innervation: parasympathetic vs. 

sympathetic 
– Creates antagonistic action (stimulate or 

inhibit) 
– Basal tone: even at rest they produce some 

action potentials so that increases and 
decreases in AP frequency can alter the 
response in the target organ. 

Autonomic Nervous System 

•  All autonomic 
pathways contain 
two (2) neurons in 
series: 
–  Preganglionic (in 

the central nervous 
system) 

–  Postganglionic 
(efferent neuron in 
the periphery) 
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Anatomical Differences 
•  Cell bodies of 

preganglionic 
neurons are in 
different regions of 
the CNS 
–  Sympathetic arise 

in the thoracic 
lumbar region 

–  Parasympathetic 
arise in the 
hindbrain, cranial 
and sacral regions. 

Anatomical Differences 

•  Locations of 
postganglionic 
neurons are different: 
–  Sympathetic: close to 

spinal cord 
–  Parasympathetic: close 

to effector organ 
•  So, sympathetic have 

short preganglionic 
and long 
postganglionic 
neurons, and vice 
versa for 
parasympathetic. 
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Anatomical Differences 

•  Sympathetic 
preganglionic 
neurons synapse 
with 10 or more 
postganglionic 
neuronsà 
widespread effects 

•  Parasympathetic 
preganglionic 
neurons synapse 
with 3 or fewer 
postganglionic 
neuronsà more 
localized effects. 

Neurotransmitters 

•  For both systems, the 
preganglionic 
neurons release 
stimulatory 
neurotransmitter. 

•  Postganglionic in 
parasympathetic: 

•  Inhibitory or 
stimulatory, but 
slower acting. 
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Neurotransmitters 
•  Sympathetic: 

postganglionic cell 
typically releases 
norepinephrine. 

•  Results in flight or fight 
response. 

•  For instance, the heart 
rate will increase and the 
pupils will dilate, energy 
will be mobilized, and 
blood flow diverted from 
other non-essential 
organs to skeletal 
muscle. 

Regulation 
•  Autonomic NS regulates 

primarily through reflex 
arcs- simple neural 
circuits that do not 
involve the conscious 
centers of the brain. 

•  Sympathetic and 
parasympathetic often 
work antagonistically. 

•  Ex: control of blood 
pressure 
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Somatic Motor Pathways 

•  Control skeletal muscle. 
•  Usually under conscious (voluntary) 

control… a.k.a. “voluntary nervous 
system”. 

•  Can you think of an example when muscle 
control is not under conscious control? 

•  Reflexes! 
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Efferent Motor Pathways are 
different from the Autonomic N.S. 

•  Only control one type of effector organ: skeletal 
muscle. 

•  Cell bodies of motor neurons are located in the 
CNS, never in ganglia outside of the CNS. 

•  Monosynaptic- only one synapse between the 
CNS and effector organ- can be LONG neurons. 

•  Neurotransmitter always excitatory. 

Efferent Motor Pathways are 
different from the Autonomic N.S. 

•  Synapse at neuromuscular junction splits into a cluster of axon 
terminals that branch out over the motor end plate. This allows the 
neuron to contact more than one muscle fiber. 

•  Synaptic cleft is very narrow- diffusion across of NT is very rapid. 
•  All motor neurons release acetylcholine (ACh). 
•  Effect of ACh on skeletal muscle is ALWAYS excitatory. 
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•  Vertebrate skeletal 
muscle is characterized 
by a hierarchy of smaller 
and smaller units 

•  A skeletal muscle 
consists of a bundle of 
long fibers, each a single 
cell, running parallel to 
the length of the muscle 

•  Each muscle fiber is itself 
a bundle of smaller 
myofibrils arranged 
longitudinally 

Bundle of 
muscle fibers 

Muscle 

Single muscle fiber 
(cell) 

Nuclei 

Z lines 

Plasma membrane 

Myofibril 

Sarcomere 

Skeletal Muscle 

•  Skeletal muscle is also called striated muscle because 
the regular arrangement of myofilaments creates a pattern 
of light and dark bands 

•  The functional unit of a muscle is called a sarcomere, and 
is bordered by Z lines 

Skeletal Muscle 
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Fig. 50-25 
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Muscle Structure 
•  Striations are due to 

overlapping “thick” and 
“thin” filaments. 

•  Thick filaments are 
bundles of myosin 
molecules. 

•  Thin filaments are actin 
(+ troponin and 
tropomyosin). 

•  Troponin and 
tropomyosin mediate the 
interaction between actin 
and myosin. 
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The Sliding-Filament Model of 
Muscle Contraction 

•  The sliding-filament model explains how 
filaments (actin and myosin) slide past each 
other longitudinally, producing more overlap 
between thin and thick filaments, shortening 
the muscle, creating force (work). 

Fig. 50-26 
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•  The sliding of filaments is based on interaction 
between actin (thin filaments) and myosin (thick 
filaments) 

•  The “head” of a myosin molecule binds to an actin 
filament, forming a cross-bridge and pulling the 
thin filament toward the center of the sarcomere 

•  Glycolysis and aerobic respiration generate the 
ATP needed to sustain muscle contraction 

Sliding-Filament Model 

The Sliding Filament Model 

With no ATP, myosin remains 
bound to actin: rigor. 

When an animal dies, [ATP] 
decreases and muscles become 
locked in rigor mortis. 
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Regulation of Contraction 

•  A skeletal muscle fiber contracts only when 
stimulated by a motor neuron 

•  When a muscle is at rest, myosin-binding sites on 
the thin filament are blocked by the regulatory 
protein tropomyosin 

Fig. 50-28 
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•  For a muscle fiber to contract, myosin-binding sites on 
actin must be uncovered 

•  This occurs when calcium ions (Ca2+) bind to a set of 
regulatory proteins, the troponin complex 

•  The muscle fiber contracts when the concentration of Ca2+ 

is high; muscle fiber contraction stops when the 
concentration of Ca2+ is low 

•  Ca2+ is the key to regulation of contraction. 

Regulation of Contraction 

Fig. 50-29 
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•  Action potentials travel to 
the interior of the muscle 
fiber along transverse (T) 
tubules 

•  The action potential along T 
tubules causes the 
sarcoplasmic reticulum 
(SR) to release Ca2+ 

•  The Ca2+ binds to the 
troponin complex on the 
thin filaments 

•  This binding exposes 
myosin-binding sites and 
allows the cross-bridge 
cycle to proceed 

•  Then what? How does the 
muscle relax? 


