Lecture 8: Smooth Muscles

Slide 2: Smooth Muscles
· Smooth muscles are found in most hollow organs (blood vessels, respiratory, digestive, urinary system etc.)
· This is not found in the heart since it they have myocardium 
· Organized into sheaths that tightly pack fibers
· Most organs have two layers that are oriented at right angles from other another
· One of them runs vertically while the other runs horizontally
Slide 3: Smooth Muscles Layers
· As mentioned before, there are two layers of fibers that run at right angles from one another
· Longitudinal layer is the most superficial layer and runs horizontally along the organ
· This causes the organ to shorten in length
· Circular layer is deep to the longitudinal layer and runs vertically
· This decreases the diameter of the lumen when it contracts 
Slide 4: Smooth vs. Skeletal Muscle Fibers
	Smooth Muscles
	Skeletal Muscles

	· Spindle-shaped
· Thinner and shorter 
· Has a single central nucleus 
· NOT STRIATED (do not have sarcomeres)
· Involuntary contractions
· Lacks CT sheaths
· Cells creates their own ECM
	· Long and cylindrical
· Multinucleated (due to fusion of myoblasts)
· Striated (since they have a sarcomere)
· Contract under voluntary control (besides postural muscles)
· Has lots of CT sheaths
· 


· Smooth muscles are not striated since they do not have sarcomeres (THIS IS WHY THEY ARE CALLED SMOOTH MUSCLES)
· Despite the fact that they do not have a sarcomere, they do have overlapping thick and thin filaments
· Smooth muscles have an endomysium but doesn’t have an epimysium or perimysium 
Slide 5: Innervation of Smooth Muscles
· The ANS innervates smooth muscles through varicosities 
· Axons contains varicosities (bulbous swellings) instead of an NMJ
· Varicosities are used to store and release NT into the diffuse junction
· Diffuse junction refers to the wide synaptic cleft found at the end of the diffuse junction 
Slide 6: Types of Smooth Muscles 
· Smooth muscles will vary depending on different organs
· Muscle fiber arrangement and organization
· Innervation
· Responsiveness to various stimuli
· The arrangements of fibers, innervation, and how responsive the organ is to stimuli is dependent on its function (FUNCTION IS DEPENDENT ON ITS STRUCTURE)
· All smooth muscle is categorized as either unitary or multi-unit
Slide 7: Unitary Smooth Muscles
· Unitary smooth muscles are considered to be visceral muscles 
· Commonly found in hollow organs BUT the heart
· Unitary smooth muscles are able to contract as a functional syncytium due to the presence of gap junction
· Unitary smooth muscles contract as a UNIT
· Syncytium is defined as cells being able to function and coordinate actions as one
· Gap junctions allows adjacent cells to be electrically coupled since ions can flow in and out of cells 
· By stimulating one cell, all of the cells will contract due to gap junctions
· Unitary smooth muscles are able to respond to various chemical stimuli 
· Unitary smooth muscles possess common characteristics of smooth muscles
· Arranged in opposing sheaths (longitudinal and circular layers)
· Innervated by varicosities 
· Often exhibit spontaneous AP
Slide 8: Myogenic Activity 
· Single unit smooth muscles are self-excitable 
· This means that they do not require stimulation from the NS to contract
· Pacemaker cells are clusters of specialize smooth muscle cells that can regulate spontaneous activity
· These cells do not contract themselves BUT enables the SYNCYTIUM to contract via gap junctions
· The membrane potential undergoes a cyclical pattern
· This enables the contractions to occur autonomically
· There are two types of spontaneous depolarization
· Pacemaker potentials
· Slow-wave potentials
Slide 9: Multiunit Smooth Muscles 
· Multiunit smooth muscles are found in large airways in the lungs, large arteries (AORTA), arrector pili muscles and the iris of the eye 
· There are very few gap junctions since each fiber is innervated by the ANS via motor units 
· This means that spontaneous depolarization is rare 
· The ANS is able to regulate the function of each independent fiber through motor units 
· Multiunit smooth muscles have some similarities to skeletal muscles
· Consists of independent muscle fibers
· Innervated by ANS to form motor units
· SKELETAL MUSCLES ARE NOT INNERVATED BY ANS! SKELETAL MUSCLES AND MULTIUNIT SMOOTH MUSCLES BOTH HAVE MOTOR UNITS!
· Graded contractions occur in response to neural stimuli that involve recruitment
· This enables us to have finer control of these muscles as the ANS “recruits” more fibers to contract 
· Multiunit smooth muscles are controlled by the ANS and hormones 
Slide 11: Intermediate Filament-Dense Body Network
· Intermediate filaments are form lattice-like arrangements that resist against tension
· The criss-cross pattern enables it to resist against tensions 
· Dense Bodies are proteins that anchor the thin filaments to the sarcolemma at regular intervals
· Dense bodies are connected by intermediate filaments
· Corresponds to the Z discs of skeletal muscles 
· Caveolae are pouch-like infolds that contain Ca2+ channels to allow a rapid influx of extracellular Ca2+ ions
· These pouch-like infolds increases the SA for Ca2+ to enter the cell
· Gap Junctions allows the smooth muscle cells to electrically connect to one another since ions can be transferred to one cell and into another 
Slide 12: Intermediate Filament-Dense Body Network
· Intermediate filaments and dense bodies of smooth muscle fibers are used to harness the pull generated by myosin cross bridges
· During contraction, areas of the sarcolemma between the dense bodies bulge outward and makes the muscle look puffy
Slide 13: Mechanism of Smooth Muscle Contraction
· Thick and thin filaments in the myofilaments are arranged diagonally in a muscle fiber
· Dense bodies connect the intermediate filaments and the thick and thin filaments together
· The dense body is situated between the intermediate filament and the thin filament
· The thick filament is found between two thin filaments
· A protein called alpha-actinin enables the intermediate, thick and thin filaments to find onto the dense bodies 
· When smooth muscles contract, the fibers shortens along the length in a corkscrew pattern
Slide 14-15: Arrangement of Thick and Thin Filaments
· There are less thick filaments and the myosin heads are found along the entire length of the fibers
· The ratio to thick and thin filaments is 1:13 which is lower than the ratio found in skeletal muscles 1:2
· Myosin heads are oriented in the opposite direction on either face of the thick filament
· The thin filaments move in the opposite direction 
· 2 thick filaments (myosin) are found in between 2 thin filaments (actin)
· The 2 thick filaments are completely positioned in opposite directions
· Facing away form each other and runs in opposite directions (one up and one down)
· The two thin filaments are running in opposite directions 
· When contractions occur, the opposite actin filaments begin to move towards one another and shorten the length of the fiber 
Slide 16: Regulation of Contraction by Ca2+ 
· There are NO T TUBULES in smooth muscles
· The SR (sarcoplasmic reticulum) is less elaborate since most of the Ca2+ used for contraction comes from the ECF
· The SR is still able to store Ca2+
· Caveolae contains many voltage gated Ca2+ channels to allow the rapid influx of extracellular Ca2+ to occur
· The infolds increases the SA to allow more voltage gated Ca2+ channel to occupy
· Since smooth muscles do not have T tubules, the release of Ca2+ from the SR is by the entry of Ca2+ 
· This is called Calcium-induced calcium release
· Calcium literally triggers the SR to release stored calcium
· Voltage gated Ca2+ channels allows Ca2+ to enter the cell
· Then the SR releases Ca2+ ions via SR Ca2+ channels 
Slide 17: Regulation of Contraction by Ca2+ 
· Tropomyosin is present in smooth muscles, but it does not prevent myosin from binding onto actin
· Although tropomyosin is present, troponin is not 
· Ca2+ activates calmodulin by binding onto it
· This activated calmodulin 
· Calmodulin is a cytoplasmic calcium binding protein that regulates the kinase enzymes when bound to Ca2+
· Calmodulin then activates a kinase enzyme called myosin light chain kinase
· Myosin light chain kinase then phosphorylates and activates myosin heads
· Activation of the myosin heads will lead to the formation of the cross bridge 
· Relaxation of smooth muscles is much more complex than the relaxation process of skeletal muscles 
· Ca2+ detaches from calmodulin which inactivate the entire process 
· Ca2+ is actively transported into areas with higher concentration gradient of Ca2+ such as the SR and ECF
· Dephosphorylation of myosin to inactivate myosin
· Phosphate enzymes are used to reduce the activity of the myosin ATPases on the myosin head 
Slide 18: Excitation-Coupling of Smooth Muscles
1. Voltage gated/non-voltage gated Ca2+ found in the caveolae allows Ca2+ ions to flow into the cytosol from the ECF or SR
2. Calmodulin is activated by Ca2+ 
3. Calmodulin phosphorylates and activates Myosin light chain kinase (MCLK)
4. MCLK catalyzes the transfer of phosphate to myosin and activates myosin ATPase
5. Myosin then creates cross bridges with actin filaments and begins to contract like skeletal muscles 
Slide 19: Energy Efficiency of Smooth Muscle Contraction
· Smooth muscles are able to contract for longer periods of time but contract slower when compared to skeletal muscles
· Contractions are prolonged up to 3 seconds with very little energy used
· Smooth muscles are able to do this because
· They have slower ATPases
· Myosin ATPases do not phosphorylate ATP as quickly as those in skeletal muscles
· Each crossbridge lasts longer (uses less energy per time)
· Ca2+ is actively pumped out into the ECF or into the SR more slowly
· Most Smooth muscles maintain constant moderate contraction without fatiguing 
· This is known as smooth muscle tone
· Smooth muscles rely on the aerobic respiration pathways 
Slide 20: Regulation of Contraction-Neural Regulation
· Neurotransmitters (NT) initiates either a graded potential or AP through binding
· The concentration of Ca2+ in the sarcoplasm increases in response to NT
· The type of NT released and type of receptor it binds it will influence the type of response produced
· One NT can stimulate a certain group of smooth muscles but could have an inhibitory effect on another group of smooth muscles 
Slide 21: Regulation of Contractions Hormones and Local Chemicals
· Some smooth muscles are not innervated
· This means that smooth muscles will either rely on spontaneous depolarization or chemical stimuli that bind to G protein-linked receptors
· Chemical factors include hormones, pH, low oxygen, etc.
· Smooth muscles can respond to neural and chemical stimuli whereas skeletal muscles will only respond to neural stimuli 
Slide 22: Special Features of Smooth Muscle Contraction
· Smooth muscles will respond to stretch differently when compared skeletal muscles 
· Stress-relaxation response refers to how the smooth muscles briefly responds to stretch and then adapts to the new length
· This helps to maintain its ability to contract on demand
· Organs such as the stomach and bladder will be able to temporarily store content 
· Length and tension changes 
· Smooth muscles can spontaneously contract in response to stretch 
· Contractions will occur between half and twice its resting length
· This enables the organ to store large volumes of content without becoming flabby when relaxed 
Slide 23: Summary of Smooth Muscle Contractions 
· The contraction of smooth muscles is slow and synchronized whereas skeletal muscles are faster and asynchronized
· Neural and chemical stimuli will modify the contraction produced
· Contractions in smooth muscles is similar to skeletal muscle contractions in many ways
· They both use the sliding filament mechanism since they use actin and myosin
· Final trigger is increased at the intracellular level
· ATP is used to supply energy for the sliding filament mechanism
· Contractions will stop when Ca2+ is no longer available 
REVIEW LAST THREE SLIDES LATER!
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