
ANP1105 - 2.0 Cellular Physiology of Nerve & Muscle

2.1 Membrane Transport

	Key Terms

	Concentration Gradient
	to move down or along the concentration gradient is to move from an area of higher concentration to an area of lower concentration

	Cytoskeleton
	anchors to the plasma membrane to control cell shape, allows cell division, and movement/migration within the cell

	Hydrophilic
	“water-loving”

	Hydrophobic
	“water-fear”

	Hypertonic Solution
	If a solution is hypertonic, this means there is a higher concentration of solute outside of the cell and will result in a net-loss of water. 

	Hypotonic Solution
	If a solution is hypotonic, this means there is a higher concentration of solute inside the cell and will result in a net-gain of water, and can cause the cell to burst (lysis).

	Isotonic Solution
	In isotonic solution, the concentration of solute inside the cell is equal to that on the outside of the cell. Water still moves into and out of the cell but the direction of movement is balanced and there is no net-change. 

	Interstitial Fluid
	a filtrate of blood - contains salts, sugars, amino acids, hormones, metabolites, gases (O2, CO2), etc. 

	Osmolarity
	the total concentration of solute particles in a solution, not dependent on type (i.e. if a solution has more than one dissolved substance the osmolarity is the sum of the dissolved substances)

	Phospholipid
	two fatty acids attached to a phosphate by a glycerol molecule. The charged phosphate is hydrophilic and the fatty acids are hydrophobic, which allows the molecules to arrange themselves with the polar heads lining both the inner and outer membrane

	Tonicity
	the ability of a solution to change the shape of cells by altering the cells’ internal water volume, it is related to the concentration of the non-penetrating solutes across the plasma membrane.

   ex. hypertonic, hypotonic, isotonic


2.1.1 The Plasma Membrane:Structure



The fluid mosaic model of membrane structure depicts the plasma membrane as a very 

thin structure composed of a phospholipid bilayer with protein molecules dispersed in it. 

The proteins float in the fluid lipid bilayer to form a constantly changing mosaic pattern. 

· Integral proteins (including channels) span the whole thickness of the membrane. 
· Peripheral proteins are embedded on the ‘edge’ and are used as attachment sites for filaments, etc. for the cytoskeleton. 


FUNCTION OF PROTEINS:

· channels: transport across the membrane, provides hydrophilic path
· receptors for signal transduction
· attachment to the extracellular matrix and the inner cellular cytoskeleton
· intercellular joining
· cell to cell recognition
· enzymatic activity 


The Glycocalyx:

· describes the fuzzy, sticky, carbohydrate-rich area at the cell surface. 
· the glycocalyx of a cell is enriched with both glycoproteins and glycolipids
· every cell type has a different pattern of sugars in its glycocalyx, which allows it to act as an identifier by which approaching cells recognize each other as each cell type, or as belonging to a specific person


* Definite changes occur in a cell that is cancerous. It contains different markers and 

change frequently so the body is unable to go unrecognized by the immune system*



Cholesterol: 

· reduces general membrane fluidity
· causes the membrane to be slightly less “oily”
· allows membrane to be sturdy enough to hold cell together


Cell Junctions: 




Junctions are the most important factor in securing cells together. There 


are various types:




[Tight Junctions] - a series of integral proteins that fuse together to form an 


impermeable junction. They help to prevent molecules from passing through the 


extracellular space between cells. 





ex. in the digestive tract they prevent molecules inside the 



intestines from seeping into the bloodstream.




[Desmosomes] - anchoring junctions which prevent adjacent cells from coming 


apart. ‘Linker Proteins’ extend from the plaques to fit together (much like the 


teeth of a zipper), while intermediate filaments of the cytoskeleton stretch from 


the plaque on the inside of the cell to the cell’s opposite side. 





ex. abundant in tissues that are subject to great mechanical 



stress, such as skin and heart muscle. 




[Gap Junctions] - provides a pathway for cell to cell communication. Cells are 


connected by hollow cylinders called connexons. Ions, simple sugars, and other 


small molecules pass through these channels from one cell to the next. 





ex. present in electrically excitable tissues such as the heart and 



smooth muscle. 



Functions of the Plasma Membrane:

a) Effective barrier between intracellular and extracellular fluids



keeps ion concentrations on either side of the membrane at specific 


levels 

b) Selectively permeable



hydrophobic molecules do not require channels, such as oxygen in the 


respiratory system

c) Allows cell to respond to changes in the extracellular fluid
d) Site of cell-to-cell interaction and recognition


*Minor damage to the cell membrane is usually not detrimental to the cell as it 

results in the loss of some material, but due to the fluidity of the membrane, it 

comes together after a brief period.*


2.1.2 The Plasma Membrane: Membrane Transport



To maintain homeostasis and function normally, a cell must be capable or 

extracting needed items, keeping valuable materials inside, & discarding wastes. 



Substances move through the membrane in essentially two ways, passively and 

actively. 



[Passive Transport]: 



Diffusion - the tendency of molecules or ions to move down their concentration 

gradient. The plasma membrane is a physical barrier free to diffusion because of 

its hydrophobic core. Diffusion can occur if: the molecule is lipid soluble, 

assisted by a carrier molecule, or small enough to pass through membrane 

channels. 

a) Simple Diffusion: non-polar and lipid-soluble substances diffuse directly through the lipid bilayer. (ex. O2, CO2, fat soluble vitamins)
b) Facilitated Diffusion: Certain molecules, notably glucose, that are unable to pass directly through the lipid bilayer, can still travel down their concentration gradient into or out of the cell by way of protein channels or carrier molecules. 




Protein channels are selective due to their pore size and the 



charge of the amino acids lining the channel. They can either be 



leakage channels (always open and simply allow molecules to 



move along the concentration gradient) or gated channels 



(controlled and can either be opened or closed based on 



electrical or chemical signals).





Carrier proteins bind specific molecules and ferry them across the 



membrane. Essentially, changes in the conformation of the carrier 



protein move the binding site from one face of the membrane to 



another. Limited by carrier saturation. 




*Both carriers and channels can be inhibited by certain molecules.* 

Although simple diffusion can not be controlled because the lipid solubility of 

the membrane is not immediately changeable, facilitated diffusion is controllable 

because the permeability of the membrane can be altered by regulating the 

activity or number of individual carriers or channels. 

c) Osmosis: the diffusion of a solvent, such as water, across a selectively permeable membrane. Despite its polarity, water can pass directly through the lipid bilayer or through specific water channels called aquaporins. Osmosis occurs whenever the water concentration differs on either side of the membrane. The amount of water may be the same, however an increase in the amount of solute means a decrease in the amount of solvent. 
· human cells cannot allow too much water intake or the cells will burst. 
· movement of water depends on the difference in osmolarity across a membrane. 
· water will move across a membrane to try to achieve equilibrium. The direction of water flow and the impact a solution will have on a cell depends on the tonicity of the solution. 
· tonicity of a fluid will always be relative to the concentration of substance within the cell. Solutions can be isotonic, hypertonic, or hypotonic. 
d) Filtration: passive transport where molecules travel along a pressure gradient, rather than a concentration gradient. It is only selective by size of the molecule. 




ex. Capillaries - pressure pushes blood into the capillaries



[Active Transport]:




Requires ATP energy because the substance being transported is either too 

large for pores, lipid insoluble, or moving against the concentration gradient. In a 

symport system, the two transported substances move in the same direction, in a 

antiport system, the two transported substances cross the membrane in different 

directions. 

a) Primary Active Transport: the energy expended to do work comes directly from the hydrolysis of ATP. Maintenance of certain gradients is essential to maintain normal cell function/responsiveness. 




ex. Sodium Potassium pump, ATPase (example of an antiport)

b) Secondary Active Transport: ATP is not directly used, for example, the sodium glucose symport uses the transport of sodium, along the concentration gradient, to drive the concentration of glucose against its concentration gradient. 



*although sodium is being moved along the gradient, the gradient would 


not exist if ATP were not expended to maintain a surplus of sodium in the 


extracellular fluid.*

c) Exocytosis: secretion of hormones, neurotransmitters, mucus, and ejection of wastes. The substance is enclosed in a vesicle which moves to and fuses with the plasma membrane of the cell allowing its contents to flood out into the surrounding fluid. In order to fuse, the vesicle must dock by way of docking proteins embedded in the plasma membrane. Without docking, endocytosis might still occur, however slower and much less efficiently. 
d) Endocytosis: means by which large particles may enter the cell. ATP required for vesicle movement. A vesicle encloses the substance and pinches inward, moving into the cytoplasm where it can be digested. 




ex. receptor mediated endocytosis. 

2.2 Physiology of the Neuron

	Key Terms

	absolute refractory period
	period of time during an action potential when the cell can not be stimulated again

*This is because the sodium channels are still open which makes it impossible to depolarize the cell 

	amitotic
	does not undergo cell division (mitosis)

	neurotransmitters
	chemicals which allow the transmission of signals from one neuron to the next across the synapses. 

ex. acetylcholine, dopamine, serotonin, endorphin, etc. 

	nissl bodies
	clusters of free ribosomes, which in the neuron, carry mRNA and complex proteins, which may require 6 ribosomes for transport

	nodes of Ranvier
	myelin sheath gaps, occurring at regular intervals along the myelinated axon. 

	perikaryon
	cytoplasm surrounding the nucleus of a nerve cell

	postsynaptic neuron
	at any given neuron, the postsynaptic neuron receives information and transmits the electrical signal away from the synapse

	presynaptic neuron
	the neuron conducting impulses toward the synapse and sending information to the next neuron or an effector cell

	relative refractory period
	period of time during an action potential, preceded by the absolute refractory period, when a second stimulation is possible, but requires a very strong stimulus. 

*This is because the sodium channels are closed, however the potassium gates are open. 

	Schwann cell
	membranes surrounding the neuron axons in the peripheral nervous system separated by nodes of Ranvier

	spatial summation
	two simultaneous stimuli at different locations cause EPSPs that add together and may lead to an action potential

	synaptic cleft
	fluid filled space between a presynaptic and postsynaptic neuron

	temporal summation
	two excitatory stimuli close in time occur in the same area, and add together to possibly generate an action potential



2.2.1 Neurons



Neurons are structural units of the nervous system. They have several special 

features: 

· amitotic, and can not be replaced if destroyed
· extreme longevity, if properly nourished they can survive 100+ years
· high metabolic rate, and require continuous supplies of O2 and glucose


The neuron has 3 functional regions: 

1. Receptive region
2. Conducting region
3. Secretory region


Neuron Cell Body: 




Consists of a nucleus surrounded by cytoplasm, also called the 


perikaryon
· Has an extensive rough endoplasmic reticulum and Nissl bodies
· The Golgi apparatus is well developed and forms an arc or a complete circle around the nucleus
· Most neuron cell bodies are located in the CNS, where they are protected by bones of the skull and vertebral column
· Clusters of cell bodies in the CNS are called nuclei
· Clusters of cell bodies in the PNS are called ganglia (single: ganglion)


Neuron Processes: 




Armlike processes extend from the cell body of all neurons. 

· In the CNS clusters of neuron processes are called tracts
· In the PNS clusters of neuron processes are called nerves



[Dendrites]





The receptive regions of the neuron. They are short, tapering, branched 



extensions. They create a large surface area for signal reception. They 



convey messages toward the cell body. These messages are not usually 



action potentials but short distance signals called graded potentials. 




[Axon Hillock] 





The axon hillock evaluates the strength of information in dendrites and 



decides whether or not to react by creating an action potential. 





*One graded potential is not sufficient to creating an action 



potential*




[Axon]





The conducting region of the neuron, each neuron has one axon which 



arises from the axon hillock. Depending on its location, an axon can be 



very short (or absent) and ranges up to 3’-4’. Any long axon is called a 



nerve fiber. The end of the neuron can have up to 10 000 or more 



terminal branches. The ending of each terminal branch are called axon 



terminals. Neurotransmitters convey information from one axon to the 



next. Axons have an elaborate cytoskeleton to move materials. 






anterograde: movement toward to terminal end






retrograde: movement towards the cell body

· conduction velocities depend on the axon diameter & the myelin sheath * 



[Myelin Sheath] 





Nerve fibers in the peripheral nervous system, that are long or 


large in diameter are often covered in a whitish, fatty, segmented myelin 


sheath. Myelin protects and electrically insulates and speeds up 


conduction through the fiber. The myelin sheath is made up of many 


individual Schwann cells. Myelinated nerve fibers in the central nervous 


system are formed by oligodendrocytes. Unlike Schwann cells, the 


oligodendrocytes are able to coil around as many as 60 axons at the 


same time. Nerve fibers in the central nervous system that are mainly 


myelinated fibers is called white matter. Gray matter contains mostly 


nerve cell bodies and nonmyelinated fibers. 


2.2.2 Membrane Potentials 


When a neuron is adequately stimulated, an electrical impulse is generated and conducted 
along the length of its axon. The excitability of nerve cells is possible due to membrane ion 
channels and the ATPase pump which maintains the ion gradient of nerve cells and maintains a 
specific voltage (electrical potential energy due to the separation of oppositely-charged 
particles). 



Creation of a Resting Membrane Potential:

· Potassium is found primarily inside cells.
· Sodium is found primarily in the extracellular fluid. 
· Potassium leaks out of the cell faster than sodium can diffuse in, this is why the ATPase active transporter protein is important in maintaining the concentration gradients. 
· The cytoplasmic side of the membrane is negatively charged relative to the outside.
· The potential difference in a resting neuron is called the resting membrane potential. 
· This resting potential exists only across the membrane.
· Neurons & muscle cells communicated by changing membrane potentials. 



Gated channels require chemical stimuli or voltage stimuli. Chemically gated 


channels are found in the dendritic region of the neuron. When the appropriate 


neurotransmitter binds to the transport protein receptor, the protein channel will 


open and allow ions to diffuse into the cell. More sodium will come into the cell 


as it follows both its concentration gradient and the electrical gradient, than 


potassium will flow out, as it moves against the electrical gradient but along its 


concentration gradient. This causes a change in polarity and allows the voltage 


gated cells to open allowing further diffusion leading to a graded potential or an 


action potential. 

· The resting neuron potential is -40V to -90V depending on cell type. 



[Depolarization]:

· decrease in membrane potential (inside of the cell becomes less negative)
· the charge across the membrane moves toward the ‘threshold’ increasing the probability of an action potential.



[Hyperpolarization]:

· an increase in membrane potential (channels open allowing Cl- in or K+ out)
· decreases the chance of an action potential


Graded Potentials are short lived, localized changes in the membrane potential. For 

example, if a graded potential occurs in the end of the dendritic region, it will not likely 

make it to the axon hillock to create an action potential. 

· Subtypes: 
· Generator Potential: touch information (heat, light, or other)
· Postsynaptic Potential: when the stimulus is from another neuron (in the form of a neurotransmitter)


The threshold required to generate an action potential is -55mV, as this is the 

potential difference required to open the voltage gated sodium channels. 

· Positive feedback - concept that once Na+ channel is open, changes in potential difference occur very quickly.*


[Threshold and All-or-None Phenomenon]




The sum of the local depolarizations but sum the threshold, or no action 


potential will occur. Once started, an action potential will continue 


completely and does not fizzle out. 



Action Potentials  are brief reversals of membrane potential with a total 

amplitude of about 100mV (-70mV to +30mV). Depolarization is followed by 

repolarization and often a short period of hyperpolarization. Unlike graded 

potentials, action potentials do not decay with distance. A neuron generates a 

nerve impulse when adequately stimulated. The transition between graded 

potentials to action potentials occurs in the axon hillock. 



[During action potentials]:

· as the membrane potential passes 0mV, the inside of the cell begins to resist sodium permeability and the cell begins to repolarize
· Potassium leaves the cell along the electrochemical gradient (positive charge going out creates more negative charge inside the cell)
· The potassium gated channels react slower than the sodium gated channels, therefore causing hyperpolarization of the cell to occur
· Once all channels are closed, the ATPase (or Na+/K+) pumps restore the ion gradient


[Propagation of an action potential]:

· An action potential must traverse the length of the neuron to signal the next neuron. 
· During an action potential there is a period of time called an absolute refractory period followed by a relative refractory period. 
· Action potentials are unidirectional - they can only travel down the axon due to the absolute refractory period as well as the fact that their are no neurotransmitter receptors in the axon terminals of neurons, meaning action potentials can not be initiated in that part of the cell. 

2.2.4 The Synapse


The operation of the nervous system depends on the flow of information through chains 

of neurons functionally connected by synapses. The synapse is a junction between two 

neurons. There are two types of synapses: electrical & chemical.

· Incoming sensory information or outgoing motor information
· Most synapses are chemical synapses (by way of neurotransmitters)
· Most neurons function as both presynaptic and postsynaptic neurons
· A neuron can have anywhere between 1000 and 10 000 axon terminals making synapses and are stimulated by an equal number of other neurons


[Electrical Synapses]

· less common than chemical synapses
· consist of gap junctions and contain protein channels that intimately connect the cytoplasm of adjacent neurons and allow ions and small molecules to flow directly from one neuron to the next
· transmission across these synapses is very rapid
· key feature of electrical synapses is a means of synchronizing the activity of all interconnected neurons



Present in:

· embryonic connective tissue, as the nervous system develops, chemical synapses replace some electrical synapses.
· cardiac muscle
· smooth muscle 


[Chemical Synapses]

· specialized to allow the release and reception of chemical neurotransmitters
· Composed of two parts:
· knoblike axon terminal of the presynaptic neuron, which contains many membrane-bound sacs called synaptic vesicles
· a neurotransmitter receptive region on the postsynaptic neuron located on the dendrite or the cell body
· presynaptic and postsynaptic neurons are separated by the synaptic cleft
· chemical synapses effectively prevent a nerve impulse from being directly transmitter from one neuron to the next, an impulse is transmitted via a chemical event that depends on the release, diffusion, and reception of neurotransmitter molecule
· chemical synapses are unidirectional


MECHANISM OF SYNAPTIC COMMUNICATION INITIATION:

· Ca2+ gates open in presynaptic terminal
· neurotransmitter is released
· neurotransmitter binds to postsynaptic receptors
· ion channels open in postsynaptic membranes which stimulates depolarization


TERMINATION:  *one of the following
· degradation: enzymes are released and digest the the remaining neurotransmitters
· reuptake: the presynaptic terminals reabsorb the remaining neurotransmitters
· diffusion: the neurotransmitters diffuse away from the synaptic site


Synaptic Delay:




The rate limiting step of neurotransmission is the diffusion from the vesicles 


across the synaptic space which causes a short delay in reaction. 



[Postsynaptic Potentials and Synaptic Integration]:




Chemically gated channels in the postsynaptic membranes are relatively 


insensitive to changes in the membrane potential. Instead neurotransmitter 


receptors mediate graded potentials, depending on the the amount of 


neurotransmitter released. 




Chemical synapses are either excitatory or inhibitory.



Excitatory Synapses and Excitatory Post synaptic Potentials (EPSPs):




During an excitatory synapse, neurotransmitter binding depolarizes the post 


synaptic membrane. Chemically gated ion channels open on the postsynaptic 


membranes allowing Na+ and K+ to diffuse simultaneously through the 


membrane but in opposite directions. The amount of sodium going in is greater 


than the amount of potassium going out, therefore depolarizing the cell. If the 


EPSP is strong enough to reach the axon hillock, THEN an action potential can 


be generated. 



Inhibitory Synapses and Inhibitory Postsynaptic Potentials (IPSPs):




Binding neurotransmitters at inhibitory synapses reduces a postsynaptic neuron’s 


ability to generate an action potential. This happens due to the opening of 


potassium channels or chlorine ion channels, allowing potassium to diffuse out 


of the cell or chlorine to diffuse into the cell resulting in hyperpolarization of the 


cell. 



Integration of Synaptic Events:




A single EPSP cannot induce an action potential in the postsynaptic neuron. 


EPSPs can summate to influence activity in the post synaptic neurons. An action 


potential can be generated by temporal or spatial summation. 

2.3 Muscles and Muscle Tissue

	Key Terms

	actin
	thin filaments - across I band & partly into A band

	glycogen
	main polysaccharide stored in animal cells, broken down to produce ATP

	myoglobin
	pigment in muscle cells which allows for a small amount of O2 storage

	myosin
	thick filaments - entire width of A band

	peristalsis
	when the layers of smooth muscles contract and relax in an alternating fashion to mix substances in the lumen and squeezes them through the organ’s internal pathway

	sarcolemma
	plasma membrane of a muscle fiber

	sarcomere
	functional unit of the muscle cell, extend from one Z-disc to the next Z-disc

	sarcoplasm
	cytoplasm within muscle cells

	synaptic cleft
	space between neuronal axon and muscle fiber, filled with a gel-like substance rich in glycoproteins and collagen fibers

	varicosities
	bulbous swellings which release neurotransmitter into a wide synaptic cleft in the general area of the smooth muscle cells, this specific junction is called a diffuse junction



2.3.0 Common Features of Muscle Cells



Skeletal and smooth muscle cells are elongated and therefore called, muscle fibers.  
Contraction of muscles depends on actin and myosin myofilaments.


Cardiac Muscle:

· only in heart
· striated
· involuntary
· neural input can increase rate

Smooth muscle:

· wall of hallow, visceral organs
· nonstriated 
· involuntary
· slow sustained contractions

Skeletal Muscle:

· attach to and cover bony skeleton
· longest muscle fibers
· striated
· voluntary
· contract rapidly
· tires easily and must rest
· strong & adaptable

2.3.1 Cellular Mechanisms of Excitation-Contraction in Skeletal Muscle



Muscle Functions:




Producing Movement:





- skeletal muscles are responsible for all locomotion and manipulation




Maintaining Posture and Body Position:





- skeletal muscles act to counteract the downward pull of gravity




Stabilizing Joints:





- even as muscles pull on bones to cause movement, they stabilize and 



   strengthen the joints of the skeleton




Generation of Heat:





- maintenance of body temperature (skeletal muscle = avg. 40% of body mass)



Functional Characteristics of Muscle:




- Excitability: ability to receive and respond to a stimulus




- Contractility: ability to shorten forcibly when adequately stimulated




- Extensibility: ability to be stretched or extended




- Elasticity: ability to resume resting length after being stretched



Microscopic Anatomy of Skeletal Muscle Fibers




Each skeletal muscle fiber is a long cylindrical cell with multiple oval nuclei just 

beneath its sarcolemma. Their extensive length and many nuclei are a result of 

embryonic cells fusing together to produce each fiber. The nuclei are pushed to the side 

by actin and myosin (both are considered myofilaments), which fill the sarcoplasm of the 

muscle cell. The sarcoplasm also contains lots of glycogen and myoglobin. 



[MYOFIBRILS]

· ~80% of a muscle cells volume is occupied by myofibrils arranged parallel to each other
· myofilaments come together forming end to end sarcomeres
· individual muscle cells are separated and insulated by the endomysium
· multiple muscle fibers come together to form a fascicle, which is wrapped by perimysium
· an entire muscle, made up many fascicles, is wrapped by epimysium



Zones & Lines in Myofibrils:

· Z-disc: anchors thin filaments & connects al myofibrils of a cell
· H-zone: area with no thin filaments (in relaxed muscle)
· M-line: fine strands connecting adjacent thick filaments
· A-band: dark part of muscle fiber,consists of myosin filaments
· I-band: section of muscle fibers consisting of only actin filaments



MYOSIN (Thick filaments):





rod-like tails composed of two heavy chains and two globular heads, 



which form cross bridges with the actin filaments

· myosin heads contain ATPase



ACTIN (Thin filaments):





binding sites for myosin to form cross bridges, wrapped in tropomyosin 



strands which block binding sites of cross bridges





troponin attaches to the F-actin and changes the shape of the 



tropomyosin to expose cross-bridge binding site.





TROPONIN (made of 3 polypeptides) :






TnI: inhibitory, binds to actin






TnT: binds to tropomyosin






TnC: binds to calcium



[SARCOPLASMIC RETICULUM] 

· elaborate web of smooth endoplasmic reticulum wrapped around each myofibril
· Most tubules run longitudinally with pairs of terminal cisternae across the A-I junctions. 
· Function: to regulate intracellular levels of ionic calcium, and to store calcium, ready for release on demand when a muscle fiber is stimulated to contract



*Calcium acts as a final “GO” signal for contraction


[T-TUBULES]

· present at each A and I band junction, the sarcolemma protrudes deep into the muscle cell interior to form T-tubules around each myofilament
· terminal cisternae are separated by a T-tubule, which combined are call a triad. 
· Function: bring action potential to different areas of the large muscle cell


***



Sliding Filament Model of Contraction:

· muscle fiber shortens because sarcomeres shorten, muscle filaments remain the same size
· thin filaments slide over thick filaments
· during relaxation, only a slight overlap of thick & thin filaments
· during contraction, myosin filaments ‘pull on’ actin filaments, decreasing the distance between Z-discs, H zones disappear, I bands shorten, A bands move closer together. 



SLIDING OCCURS FROM (1) STIMULUS TO CONTRACT, (2) MYOSIN CROSS 


BRIDGES ATTACH TO ACTIN, (3) DETACHES AND ATTACHES NUMEROUS 


TIMES TO PULL THIN FILAMENTS TOWARDS CENTRE OF SARCOMERE, (4) 


MUSCLE SHORTENS AS THIS PROCESS OCCURS SIMULTANEOUSLY IN ALL 


SARCOMERES. 




*When intracellular calcium levels are low, the myosin binding sites on actin are blocked 

by tropomyosin. Calcium binds to troponin, which causes a shape change and brief 

detachment from actin which moves tropomyosin and exposes the binding sites for cross 

bridges to form. 

· on average, 30% muscle shortening occurs
· relaxation occurs as the sarcoplasmic reticulum reclaims calcium

2.3.2 Neuromuscular Junctions




For a skeletal muscle to contract: (1) The fiber must be activated/stimulated by a 

nerve ending so that a change in membrane potential occurs, (2) it must then generate 

an electrical current (action potential) in its sarcolemma, (3) the action potential is then 

propagated along the sarcolemma, & (4) intracellular calcium ion levels rise, providing 

the final trigger for contraction. 




Nerve cells that activate skeletal muscle fibers are called somatic motor neurons. 

The axon of each of these neurons divides profusely as it enters the muscle, each axon 

ending giving off several short curling branches that collectively form a neuromuscular 

junction. The axon terminal and the muscle fiber are separated by the synaptic cleft. 



Stimulation:

1. Nerve impulse reaches the end of the axon, the axon terminal releases acetylcholine (ACh).
2. ACh diffuses across the cleft and attaches to ACh receptors on the sarcolemma of the muscle fiber
3. ACh binding triggers electrical events that result in the generation of an action potential (depolarization/repolarization, AP is initiated and carries out to completion).


Termination:

4.  Acetylcholinesterase (AChE) enzyme on the sarcolemma digests the neurotransmitter.


Latent Period:  Slow period, steps the occur before sliding begins: release of 

neurotransmitter.



Relaxation requires more time than contraction as Ca2+ is gathered back into the 

sarcoplasm. 


2.3.3 Contraction of a whole Skeletal Muscle



[The Motor Unit] - one motor nerve can be connected to four or more (up to hundreds) 

of muscle fibers. When the neuron fires, all muscle fibers affiliated with that neuron will 

contract. Therefore a motor unit is classified as ONE motor neuron and all the muscle 

fibers it supplies. 



Graded Muscle Responses:




The variations of muscle contractions required for proper control of skeletal 


movements. 



There are two types of graded muscle responses: change in speed of the stimulation, 

and change in the number of motor units activated.




Speed of Stimulation:

· rapid rate of stimuli: each contraction builds on the previous one (AP refractory period still occurs)
· Tetanus or fused contractions occur when the stimulus interval is too short to allow inter-twitch muscle relaxation
· Causes muscle fatigue
· Goal: smooth, continuous contractions



Multiple Motor unit Summation:

· increasing strength of contraction
· threshold stimulus is the first observable response, while maximal stimulus is the strongest stimulus that produces an increase in contractile force
· all units can be recruited simultaneously but are usually staggered


[Muscle Tone] - the constant slight contraction of skeletal muscles is referred to as 

muscle tone. it does not produce active movements, but keeps muscle firm, healthy, and 

ready to respond to stimulation. 



[Types of Muscle Contractions] 



Isotonic Contractions:

· muscle length changes and moves load
· can be concentric or eccentric:
· concentric - muscle shortens and does work
· eccentric - muscle generates a force as it lengthens


Isometric Contractions: 

· tension may build in the muscle to the muscle’s peak tension but the muscle does not change size
· in isometric contractions, the muscle is attempted to do work on a load which is too heavy


[Ideal Length-Tension Relationship]




Ideal muscle length is stretched to slightly over 100% of its resting length. These 


slightly stretched muscles are more responsive as it allows more sliding to occur, 


which produces a greater contractile response.



*Velocity and Duration of Contraction




Depends on Load (greater load, longer latent period, slower contraction, shorter 


contraction duration)


2.3.4 Energy and Contraction



Muscles obtain their energy for contraction from four places:

· Stored ATP: readily available in the sarcoplasm (lasts 5-6 seconds)
· Creatine Kinase & Creatine Phosphate: Creatine phosphate donates phosphate to ADP molecules (lasts about 15-20 seconds)
· Sugar (glucose): creates ATP through either anaerobic or aerobic respiration



To obtain energy quickly, anaerobic glycolysis is used. This only yields 2 ATP 


molecules from each glucose and creates pyruvic acid, which is converted to 


lactic acid and will build up in the muscles. 


2.3.5 Muscle Fatigue and Oxygen Debt



The type of activity depends on which energy system will be used to obtain energy. 



Shorter, more intense forms of physical activity will use mostly ATP stores and creatine 

phosphate. Longer tasks, which require endurance, will use mostly aerobic, but 

anaerobic respiration may be used until aerobic reaches full efficiency. Events in the 

middle, such as 100m sprint, will use almost entirely anaerobic respiration because the 

energy yield occurs quickly. 




- aerobic endurance is the length of time a muscle can use aerobic respiration




- anaerobic threshold is the point at which muscle converts to anaerobic 


  respiration



[Muscle Fatigue] 




describes a state of physical inability to contract, due to deficit of ATP (total 


absence of ATP would cause contractures). 




Contributers: Build-up of lactic acid, ion imbalances (ATPase pump requires ATP 


to operate).



[Oxygen Debt]




post exercise the body needs to replenish O2 reserves, convert lactic acid back 


into pyruvic acid (which can ungo aerobic respiration), replace glycogen stores, 


and restock ATP and Creatine Phosphate. Oxygen debt is the extra amount of 


oxygen needed ti be taken in to accomplish the above (Lactic acid, indirectly 


stimulates respiratory centre of the brain)

· the liver converts additional lactic acid to glucose/glycogen by way of the Cori cycle


[Heat production during Muscle Activity] 




ATP-driven muscle contraction 20-25% efficient; dissipated by body’s cooling 


mechanisms. 


5.3.3 Muscle Fiber Types:


Slow Oxidative Fibers: - thin cells with slow-acting myosin ATPases

· contract slowly
· lots of myoglobin (gives ‘red’ colour)
· lots of mitochondria, capillaries, aerobic enzymes: oxidative
· fatigue resistant
· ‘thin’ (not powerful)



Endurance type activities: running for long periods, biking (without a lot of hills).



Fast Glycolyctic fibers: - large, pale (white)

· little myoglobin
· twice the diameter of slow oxidative fibers
· fast acting myosin ATPases
· few mitochondria
· lots of glycogen reserves (glycolytic)
· will fatigue
· powerful



Short term, rapid, intense movements: 



Fast Oxidative Fibers:
- red or pink

· intermediate cell size
· fast-acting myosin ATPase & contract quickly
· high myoglobin content & O2 dependant
· fairly fatigue resistant



Intermediate activities: playing tennis


2.3.5 Smooth Muscle: In contrast to Skeletal Muscle



Found in the walls of all hollow organs (excluding the heart). 

· small, spindle-shaped cells 
· much smaller than skeletal muscle fibers
· one centrally located nucleus
· cells separated by fine connective tissue (endomysium) 
· sheets of closely opposed fibers: usually 2 sheets with opposite orientations
· alternating contraction and relaxation of these layers is called peristalsis
· Instead of neuromuscular junctions, smooth muscle fibers are controlled by the autonomic nervous system, therefore they have numerous varicosities
· neurotransmitter is released into diffuse junctions, where a bulk of smooth muscle fibers receive the neurotransmitter
· Sarcoplasmic reticulum is less developed than in skeletal muscle
· Due to the smaller size of smooth muscle cells, T-tubules, normally found in skeletal muscle, is not present. Instead, the sacrolemma has multiple caveolae, pouch-like infoldings that separate bits of extra cellular fluid containing a high concentration of Ca2+
· When calcium channels in the caveolae open, Ca2+ influx occurs rapidly
· Most of the calcium enters through calcium channels directly from the extracellular space
· There are no striations in smooth muscle and therefore, no sacromeres. 
· Large surface area to volume ratio
· ratio of thick to thin filaments in muscles is 1:13 (in skeletal muscle 1:2) 
· instead of troponin, calmodulin 
· Thick and thin filaments arranged diagonally, they are arranged in a criss-cross within the muscle cells, and spiral down the axis of the cell
· Due to the arrangement of the thick and thin filaments, smooth muscle cells contract in a twisting way (they appear as tiny corkscrews) 
· non-contractile intermediate filaments (resist tension) attach to dense bodies, which are fixed on the sacrolemma and act as anchor points for the thin filaments (replace Z-discs in skeletal muscles) 

Contraction of Smooth Muscle



Mechanism of Contraction:

· adjacent smooth muscle fibers exhibit slow, synchronized contractions, the whole sheet responding to a stimulus in unison
· the synchronization reflects electrical coupling by gap junctions, which allow smooth muscles to transmit action potentials from fiber to fiber
· Pacemaker cells are smooth muscle cells that, once excited they act as ‘drummers’ to set the pace of contraction for the entire muscle sheet. Pacemakers are self-excitatory, they depolarize simultaneously in the absence of an external stimuli
· Contraction of muscle in smooth and skeletal muscle is the SAME in the following ways:
· actin and myosin interact by sliding filament mechanism
· contraction is triggered by spike in intracellular calcium
· the sliding process if energized by ATP


[Energy Efficiency of Smooth Muscle Contraction]




Smooth muscle takes 30 times longer to contract and relax than skeletal muscle, 


but can maintain the same contractile tension for prolonged periods at less than 


1% of the energy cost of skeletal muscle. 



[Regulation of Contraction] 




Te contraction of smooth muscle can be regulated by nerves, hormones, or local 


chemical changes.




Neural Regulation: In some cases, the activation of smooth muscle by a neural 


stimulus is the same as the process in skeletal muscle. In some cases, the 


neurotransmitter is released and generates an action potential which is coupled 


to a rise in calcium ions in the cytosol, in some types of smooth muscle, 


however, the response to neural stimulation is graded potentials only. 




Hormones and Local Chemical Factors: Some smooth muscle layers have no 


nerve supply and are depolarized spontaneously or in response to chemical 


stimuli that bind to G protein-linked receptors. Chemical factors that can cause 


contraction or relaxation of smooth muscle by enhancing or inhibiting Ca2+ entry 


into the sarcoplasm include: hormones (such as histamine), excess carbon 


dioxide, low pH, and lack of oxygen. 



[Special Features of Smooth Muscle Contraction] 




Smooth muscle has several unique characteristics that aid in the functioning of 


certain organs such as: low energy requirements, slow prolonged contractions, 


and smooth muscle tone. Smooth muscle can also lengthen and shorten more 


than other muscle types. 




Response to Stretch: Stretching of smooth muscle provokes contraction, which 


automatically moves substances along the internal tract. The stress relaxation 


response allows hollow organs to expand slowly to accommodate a greater 


volume without causing strong contractions that would expel its contents (such 


as stomach growth before vomiting). 




Length and Tension Changes: The irregular, overlapping arrangement of 


smooth muscle cell filaments allow them to generate considerable force, even 


when they are stretched. This capability allows organs to withstand large 


changes in volume without becoming flabby when they empty. 




*Skeletal muscle has a 60% functional range, smooth muscle’s is 150%




Hyperplasia: certain smooth muscle cells can divide to increase in numbers to 


allow more expansion (ex. estrogen during pregnancy)




Secretory functions: collagen and elastin, make their own CT. 


Types of Smooth Muscle



Smooth muscle varies in the body in its fiber arrangement, innervation, and 

responsiveness to various stimuli. Smooth muscle is usually categorized into two types:

1. Unitary Smooth Muscle
· commonly called visceral muscle (walls of all hollow organs except the heart)
· Unitary muscle is arranged in opposing sheets
· usually innervated by varicosities of autonomic nerve fibers and often exhibit rhythmic spontaneous action potentials
· electrically coupled by gap junctions
· respond to various chemical stimuli
2. Multi-unit Smooth Muscle 
· in the large airways of lungs and large arteries, the arrector pili muscles attached to hair follicles, and the internal eye muscles that allow the eye to focus visually. 
· consists of muscle fibers that are structurally independent of each other (gap junctions and spontaneous depolarizations are rare)
· Richly supplied with nerve endings, each of which forms a motor unit with a number of muscle fibers
· responds to neural stimulation with graded contractions that involve recruitment 
· innervated by the autonomic division and responds to hormones

