Dukes' Physiology of Domestic Animals
Chapter 28 - Physiology of Smooth Muscle

· No visible striations
· Filaments (actin and myosin) arranged more loosely than those in skeletal muscle
· Function: active contraction/motility; maintain tone (sustained contraction)
· 2 general types
· Multiunit
· Ciliary body and iris, arrector pili, large arteries
· Each fiber innervated separately (independent)
· Single-unit (unitary) smooth muscle
· = Large mass of muscle fibers that contract simultaneously (peristaltic waves)
· Cell membranes are adherent to each other at multiple points (force transmitted)
· Gap junctions between cells (APs transmitted)
· GI tract, uterus, ureters
· Microstructure
· Spindle-shaped (fusiform); centrally located nucleus
· Dense bodies: points of attachment for actin thin filaments; rigid and stable structures that retain their original shape and attachment during contraction; correspond to the Z line
· Throughout cytoplasm (an intermediate filament links several dense bodies together)
· Attached to the sarcolemma
[image: ]
· Myosin filaments interspaced among actin filaments
· Diameter > 2X that of actin
· Ratio actin to myosin is 15:1
· Actin filaments from 2 separate dense bodies extend toward each other and surround myosin
· NO T tubules
· Numerous invaginations in the fiber membrane called calveoli
· May have function similar to T tubules in that they are in close proximity to portions of rudimentary sarcoplasmic reticuli
· Smooth muscle contraction
· Prolonged and often tonic 
· NO tropomyosin-troponin complexe but calmodulin
· Calmodulin = regulatory protein similar to tropomyosin-troponin complex
· Increased intracellular calcium

Calcium binds to calmodulin ( CaM)

CaM binds with and activates myosin kinase

  Regulatory chain of myosin head becomes phosphorylated

Head is cocked when phosphorylated and binds (repetitively) with uncovered active sites on actin

Myosin phosphatase (in the ICF) splits the phosphate from regulatory chain (dephosphorylation)

Heads detach

Repetitive binding stops and contraction ceases
























· Cycling of cross-bridge head attachment and detachment is SLOWER in smooth muscle
· SR is rudimentary
· Calcium ions must enter the fiber from the ECF
· Cross-bridge heads have less ATPase activity  ( reduces movement of heads and slows rate of cycling)
· Slow attachment and detachment  less energy is required (one molecule of ATP for each cycle regardless of duration)
· Maximum force of contraction can be greater than that of skeletal muscle because of the prolonged attachment
· More extracellular material (collagen, elastin); surrounded by basal lamina and reticular fibers  when coupled with extracellular material helps to organize the force produced by individual smooth muscle fibers into a combined effort
· Autonomic nervous system
· NO NMJ 
· Autonomic nerve fibers innervating single-unit smooth muscle branch diffusely on top of a sheet of muscle fibers
· No direct contact; multiple varicosities distributed along the nerve fiber with vesicles containing Ach or NE.
· Usually Σ and PΣ innervation; some may be innervated by only one division (blood vessels)
· Normally have a certain level of tone; amount of NT determines whether it will contract further or relax
· NT released by varicosities diffuses over a large area; affects numerous single unit fibers; electrical stimuli transmitted among neighboring fibers by gap junctions
· Stimuli other than autonomic
· Single-unit fibers are sensitive to mechanical stimuli
· Stretching  depolarization
· Autoregulation of blood flow in arterioles
· Rise in BP  stretch of the smooth muscle  contraction
· Multiunit fibers: each muscle fiber is innervated separately and contracts only when receives synaptic stimuli
· Smooth muscles may be affected directly or indirectly by changes in O2 concentration, pH, ion concentrations


QUESTIONS
1. Which of the following items referred to smooth muscles and which of them referred to skeletal muscles?

Actin
Tropomyosin
Myosin
CalveoliSmooth muscles
Skeletal muscles

Dense bodies
Z disks
Calmodulin
Neuromuscular junction
Troponin
T tubules

2. Where does the calcium necessary for the excitation-contraction coupling come from in smooth muscle?

3. What is the effect of myosin-light-chain kinase?

4. What is the effect of myosin-light-chain phosphatase?

5. True or False: Smooth muscle is characterized by prolonged contraction that is often tonic in nature. 
QUESTIONS & ANSWERS

1. Which of the following items referred to smooth muscles and which of them referred to skeletal muscles?

Actin  - smooth and skeletal
Tropomyosin - skeletal
Myosin – smooth and skeletal
Calveoli - smooth
Dense bodies - smooth
Z disks - skeletal
Calmodulin - smooth
Neuromuscular junction - skeletal
Troponin - skeletal
T tubules - skeletal

2. Where does the calcium necessary for the excitation-contraction coupling come from in smooth muscle?
From the ECF and the sarcoplasmic reticulum

3. What is the effect of myosin-light-chain kinase?
Phosphorylation of myosin-light chains  conformational change in myosin head with allow attachment to actin

4. What is the effect of myosin-light-chain phosphatase?
Dephosphorylation of myosin-light chains  detachment of the heads

5. [bookmark: _GoBack]True - Smooth muscle is characterized by prolonged contraction that is often tonic in nature. 
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