
Muscles and 
Muscle Tissue

Biology 260

M. Iyengar



Muscle Tissue Development
Starts at 4th week of development
• Paraxial mesoderm forms somites

from the head toward the tail
• Sclerotome = vertebral skeleton
• Dermatome = dermis of skin
• Myotome = skeletal muscle



Muscle Tissue Development

Axial musculature 
• forms from adjacent 

myotomes in two groups

• Dorsal (epaxial) →
intervertebral and erector 
spinae group

• Ventral (hypaxial) →muscles 
of the thoracic, abdominal 
and pelvic areas



Muscle Tissue Development

Appendicular musculature
• Limb buds are formed from a 

portion of the lateral plate 
mesoderm and sclerotome 

• Dorsal → future extensors

• Ventral → future flexors

• Limbs rotate to change the 
position of these muscles 
relative to the body axis.



Skeletal Muscle Tissue Development

• Satellite cells - Help repair damaged muscle tissue

• Muscle grows via hypertrophy not cell division.  

• Protein mass increases NOT cell number. 



Shared Characteristics of Muscle Tissues

• Contractility – get shorter 

• Skeletal & cardiac muscle cells are packed with organized 
myofibrils made of myofilaments

• Excitability – respond to stimulus

• Extensibility – extend beyond normal shape

• Elasticity – recoil to normal shape

Shared terminology

• myo- and mys- = “muscle”

• Sarco- =“flesh”
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Functions of Skeletal Muscles

1. Produce skeletal movement – contraction of muscles pull on 
tendons and move bones.

2. Maintain posture and body position – Tension in skeletal muscles

3. Support soft tissues – support weight of visceral organs like the 
abdominal or pelvic muscles

4. Guard entrances and exits – openings of digestive and urinary 
systems

5. Maintain body temperature – muscles require energy and a waste 
product is heat

6. Store nutrient reserves – proteins in muscle can be used if protein 
or calories are inadequate



Skeletal Muscle Organs

1. Skeletal muscle tissue - bundles 
of parallel fascicles that vary in 
shape

2. Connective tissue

• Epimysium, Perimysium, 
Endomysium

• The perimysium and epimysium
come together at the end of the 
muscle to form a tendon

3. Blood vessels

4. One nerve that branches 
repeatedly



Nerve Supply to Muscle Fibers

• Motor Unit = muscle fibers + motor neuron 

• Motor neuron carries the action potentials to muscle fibers

• Neuromuscular junction is where synapse and muscle fiber meet

• Synaptic cleft is the space between motor neuron synapse and 
muscle fiber



Skeletal Muscle Organization

• Muscle Organ – bundles of fascicles vary in shape

• Epimysium = CT that surrounds the entire skeletal muscle 

• Fascicles – bundle of parallel muscle fibers

• Perimysium = CT around each fascicle

• Fibers (muscle fiber) – individual muscle cells

• Endomysium = CT between and surrounds each muscle fiber 

• Special organelles

• Myofibrils

• Sarcoplasmic reticulum (SR)

• T tubules
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Skeletal Muscle Organization



Skeletal Muscle Fiber Organization

• Skeletal muscle fibers are long, cylindrical cells that contain many 
nuclei

• Sarcolemma: muscle fiber plasma membrane 

• Sarcoplasm: muscle fiber cytoplasm

• glycosomes for storing sugar

• myoglobin is a red pigment that stores oxygen

• Modified organelles 

• Myofibrils

• Sarcoplasmic reticulum

• T tubules



• T tubules - Tube formed by an transverse invagination of 
sarcolemma into the cell 

• Run at each A–I band junction between terminal cisterns of the 
SR

• Sarcoplasmic reticulum (SR): smooth endoplasmic 
reticulum surrounding each myofibril

• Store, releases and regulates Ca2+ levels

• Triad: area formed from terminal cistern of one SR, T 
tubule, and terminal cistern of SR

Skeletal Muscle Fiber Organization



Skeletal Muscle Fiber Organization
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Skeletal Muscle Fiber Organization

• Myofibrils are rod-like organelles made of myofilaments 
(proteins) arranged as Sarcomeres

• Sarcomeres: Contractile unit of the muscle fiber

• Regular actin and myosin arrangement from Z disc to Z disc

• Striations: repeating series of dark and light bands along length 
of each myofibril

• When all myofibrils align then the muscle fiber appears striated



Sarcomere Organization

• Z disk: protein fibers where actin 
proteins attach

• M line: protein fibers where myosin 
proteins attach

• H zone: center of sarcomere, where 
only myosin overlaps

• I band (Light band): where only actin 
overlaps

• A band (Dark band): where actin and 
myosin overlap



Myofibril Organization

• Actin: thin protein filaments

• Anchored to Z discs

• Extend across light (I) band and into the dark (A) band

• Tropomyosin and troponin: regulatory proteins bound to actin

• Myosin: thick protein filaments

• Anchored to elastic (titin protein) filament and the M line 
(myomesin protein)

• Extend length of dark (A) band



Myofibril Organization



Anatomical Changes to the Myofibril After 
Contraction

• Myosin heads attach to actin 

• Pivots to pull actin inward toward the M line

• The sarcomere gets smaller as does the muscle fiber.



Types of Skeletal Muscle Fibers

• Categorized according to:

1. How they make energy (ATP)

• With oxygen – aerobically → oxidative

• Without oxygen – anaerobically → glycolytic

2. How quickly they contract

• Fast

• Intermediate

• Slow



Comparison of Oxidative Fibers

Slow oxidative fibers

• Fibers are small in diameter

• Red color due to abundant 
myoglobin and richly supplied 
with capillaries

• Obtain energy from aerobic 
metabolic reactions

• Oxygen-dependent

• Contain a large number of 
mitochondria

• Contract slowly and resistant to 
fatigue

Fast oxidative fibers

• Fibers have intermediate
diameter

• Red color due to abundant 
myoglobin and richly supplied 
with capillaries

• Obtain energy from aerobic 
metabolic reactions
• Oxygen-dependent

• Contain a large number of 
mitochondria

• Contract quickly 

• Powerful contraction and 
somewhat resistant to fatigue



Fast glycolytic fibers

• Contain little myoglobin

• White fibers

• Few mitochondria 

• Create energy without oxygen – anaerobic pathway →
glycolysis only

• About twice the diameter of slow-oxidative fibers

• Contain more myofilaments and generate more power

• Contract rapidly and tire quickly



Types of Skeletal Muscle Fibers



Smooth Muscle Microscopic Structure

• Actin filaments are arranged obliquely in the sarcoplasm and 
anchored to proteins called dense bodies

• Some dense bodies are in the sarcoplasm are bound to scaffold-
like intermediate filaments that connect the dense bodies to 
each other

• Lacks connective tissue sheaths, contains endomysium only

• Found in walls of most hollow organs. 

• Usually organized into two layers:

• Longitudinal layer: fibers run parallel to long axis of organ

• Circular layer: fibers run around circumference of organ

• Peristalsis: alternating contractions and relaxations of layers 
mix and squeeze substances through lumen of hollow organs



Arrangement of smooth muscle


