Skeletal muscle
· Morphology
· Contractile mechanism
· Thick filaments:
· Composed of Myosin
· Heavy chain
· Light chain: 
· Actin binding site
· ATP hydrolysis 
· M line:
· Site of reversal in polarity of myosin chains
· Hold thick filaments in place
· Thin filaments:
· Composed of:
· Actin
· Two chains of actin forming a double helix
· Tropomyosin
· Sits in the groove between actin chains
· Troponin
· Globular units interspersed along the tropomyosin molecules
· Troponin T binds other troponins to the tropomyosin
· Troponin I inhibits interaction of myosin and actin
· Troponin C contains binding sites for calcium to initiate contraction
	Electrical Characteristics of Skeletal muscle

	Resting membrane potential
	-90 mV

	Action potential duration
	2-4 ms

	Action potential speed
	5 m/s

	Absolute refractory period duration
	1-3 ms


· Contractile responses
· Achieved by sliding of the thin filaments over the thick filaments
· Width of A line is constant
· Z lines move closer together
· Excitation-contraction coupling:
· Release of calcium from sarcoplasmic reticulumSkeletal muscle ion concentrations (mmol/L))

· Calcium binding to troponin C results in a weakened binding of troponin I to actin
· Allows exposure of actin-myosin binding sites
· Hydrolysis of ATP results in contraction
· ATP mediated calcium reuptake to sarcoplasmic reticulum will eventually drop calcium concentrations sufficiently to cause relaxation
· Can be reformed traditionally or by breakdown of phosphorylcreatine
· Types of muscle contraction:
· Isometric: contraction without an appreciable decrease in the length of the whole muscle
· Isotonic: contraction against a constant load with approximation of the ends of the muscle
· Types of muscle fibers
· Type I: red muscles, respond slowly and have a long latency, adapted for long, slow posture-maintaining contractions
· Type II: white muscles, short twitch durations, specialized for fine, skilled movement
· Motor Units
· Composed of the motor neuron and the muscle fibers it innervates
· Divided into fast and slow units
· Slow units generally supplied by small, slowly conducting motor neurons
· First to be recruited in most movements
· Resistant to fatigue
· Fast units generally supplied by rapidly conducting motor neurons
· More easily fatigued
· Generally recruited w/ more forceful movements
Questions
1. Which of the following is responsible for the identification of increased calcium concentrations and subsequent muscle contraction:
a. Tropomyosin
b. [bookmark: _GoBack]Tropinin C
c. Troponin I
d. Troponin T
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of



ch03.qxd  2/2/05  2:13 PM  Page 67











image8.emf



EXCITABLE TISSUE: MUSCLE / 67



A band



Sarcomere



Z line Thick
filament



Thin
filament



Myosin



Relaxed Contracted



Actin



Z line



Actin



Z line



Myosin



M line



Actin



Tropomyosin Troponin



I C
T



I C
T



Actin



Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of
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Table 3–1. Steady-state distribution of ions in the
intracellular and extracellular compartments of
mammalian skeletal muscle, and the equilibrium
potentials for these ions.



Concentration (mmol/L)



Equilibrium
Intracellular Extracellular Potential



Iona Fluid Fluid (mV)



Na+ 12 145 +65



K+ 155 4 −95



H+ 13 × 10−5 3.8 × 10−5 −32



Cl− 3.8 120 −90



HCO3
− 8 27 −32



A− 155 0 . . .



Membrane potential = −90 mV



Data from Ruch TC, Patton HD (editors): Physiology and Bio-
physics, 19th ed. WB Saunders, 1965.
aA− represents organic anions. The value for intracellular
Cl− is calculated from the membrane potential, using the
Nernst equation.
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Figure 3–5. The electrical and mechanical responses
of a mammalian skeletal muscle fiber to a single maxi-
mal stimulus. The electrical response (mV potential
change) and the mechanical response (T, tension in ar-
bitrary units) are plotted on the same abscissa (time).



starts about 2 ms after the start of depolarization of the
membrane, before repolarization is complete. The du-
ration of the twitch varies with the type of muscle being
tested. “Fast” muscle fibers, primarily those concerned
with fine, rapid, precise movement, have twitch dura-
tions as short as 7.5 ms. “Slow” muscle fibers, princi-
pally those involved in strong, gross, sustained move-
ments, have twitch durations up to 100 ms.



Molecular Basis of Contraction
The process by which the shortening of the contractile
elements in muscle is brought about is a sliding of the
thin filaments over the thick filaments. The width of
the A bands is constant, whereas the Z lines move
closer together when the muscle contracts and farther
apart when it is stretched (Figure 3–3).



The sliding during muscle contraction occurs when
the myosin heads bind firmly to actin, bend at the
junction of the head with the neck, and then detach.
This “power stroke” depends on the simultaneous hy-
drolysis of ATP. Myosin-II molecules are dimers that
have two heads, but only one attaches to actin at a time.
The probable sequence of events is shown in Figure
3–6. Many heads cycle at or near the same time, and
they cycle repeatedly, producing gross muscle contrac-
tion. Each power stroke shortens the sarcomere about



10 nm. Each thick filament has about 500 myosin
heads, and each head cycles about five times per second
during a rapid contraction.



The process by which depolarization of the muscle
fiber initiates contraction is called excitation–contrac-
tion coupling. The action potential is transmitted to
all the fibrils in the fiber via the T system (Table 3–2).
It triggers the release of Ca2+ from the terminal cisterns,
the lateral sacs of the sarcoplasmic reticulum next to the
T system. Ca2+ initiates contraction by binding to tro-
ponin C. In resting muscle, troponin I is tightly bound
to actin and tropomyosin covers the sites where myosin
heads bind to actin. Thus, the troponin–tropomyosin
complex constitutes a “relaxing protein” that inhibits
the interaction between actin and myosin. When the
Ca2+released by the action potential binds to troponin
C, the binding of troponin I to actin is presumably
weakened, and this permits the tropomyosin to move
laterally (Figure 3–7). This movement uncovers bind-
ing sites for the myosin heads. ATP is then split and
contraction occurs. Seven myosin-binding sites are un-
covered for each molecule of troponin that binds a cal-
cium ion.



Shortly after releasing Ca2+, the sarcoplasmic reticu-
lum begins to reaccumulate it by ATP-mediated active
transport of it into the longitudinal portions of the
reticulum. The Ca2+ then diffuses into the terminal cis-
terns, where it is stored until released by the next action
potential. Once the Ca2+ concentration outside the
reticulum has been lowered sufficiently, chemical inter-
action between myosin and actin ceases and the muscle
relaxes. Note that ATP provides the energy for both
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Data from Ruch TC, Patton HD (editors): Physiology and Bio-
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Cl− is calculated from the membrane potential, using the
Nernst equation.
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Figure 3–5. The electrical and mechanical responses
of a mammalian skeletal muscle fiber to a single maxi-
mal stimulus. The electrical response (mV potential
change) and the mechanical response (T, tension in ar-
bitrary units) are plotted on the same abscissa (time).



starts about 2 ms after the start of depolarization of the
membrane, before repolarization is complete. The du-
ration of the twitch varies with the type of muscle being
tested. “Fast” muscle fibers, primarily those concerned
with fine, rapid, precise movement, have twitch dura-
tions as short as 7.5 ms. “Slow” muscle fibers, princi-
pally those involved in strong, gross, sustained move-
ments, have twitch durations up to 100 ms.



Molecular Basis of Contraction
The process by which the shortening of the contractile
elements in muscle is brought about is a sliding of the
thin filaments over the thick filaments. The width of
the A bands is constant, whereas the Z lines move
closer together when the muscle contracts and farther
apart when it is stretched (Figure 3–3).



The sliding during muscle contraction occurs when
the myosin heads bind firmly to actin, bend at the
junction of the head with the neck, and then detach.
This “power stroke” depends on the simultaneous hy-
drolysis of ATP. Myosin-II molecules are dimers that
have two heads, but only one attaches to actin at a time.
The probable sequence of events is shown in Figure
3–6. Many heads cycle at or near the same time, and
they cycle repeatedly, producing gross muscle contrac-
tion. Each power stroke shortens the sarcomere about



10 nm. Each thick filament has about 500 myosin
heads, and each head cycles about five times per second
during a rapid contraction.



The process by which depolarization of the muscle
fiber initiates contraction is called excitation–contrac-
tion coupling. The action potential is transmitted to
all the fibrils in the fiber via the T system (Table 3–2).
It triggers the release of Ca2+ from the terminal cisterns,
the lateral sacs of the sarcoplasmic reticulum next to the
T system. Ca2+ initiates contraction by binding to tro-
ponin C. In resting muscle, troponin I is tightly bound
to actin and tropomyosin covers the sites where myosin
heads bind to actin. Thus, the troponin–tropomyosin
complex constitutes a “relaxing protein” that inhibits
the interaction between actin and myosin. When the
Ca2+released by the action potential binds to troponin
C, the binding of troponin I to actin is presumably
weakened, and this permits the tropomyosin to move
laterally (Figure 3–7). This movement uncovers bind-
ing sites for the myosin heads. ATP is then split and
contraction occurs. Seven myosin-binding sites are un-
covered for each molecule of troponin that binds a cal-
cium ion.



Shortly after releasing Ca2+, the sarcoplasmic reticu-
lum begins to reaccumulate it by ATP-mediated active
transport of it into the longitudinal portions of the
reticulum. The Ca2+ then diffuses into the terminal cis-
terns, where it is stored until released by the next action
potential. Once the Ca2+ concentration outside the
reticulum has been lowered sufficiently, chemical inter-
action between myosin and actin ceases and the muscle
relaxes. Note that ATP provides the energy for both
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of



ch03.qxd  2/2/05  2:13 PM  Page 67











image2.emf



EXCITABLE TISSUE: MUSCLE / 67



A band



Sarcomere



Z line Thick
filament



Thin
filament



Myosin



Relaxed Contracted



Actin



Z line



Actin



Z line



Myosin



M line



Actin



Tropomyosin Troponin



I C
T



I C
T



Actin



Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).



the myosin molecules form cross-links to actin. Myosin
contains heavy chains and light chains, and its heads are
made up of the light chains and the amino terminal
portions of the heavy chains. These heads contain an
actin-binding site and a catalytic site that hydrolyzes
ATP. The myosin molecules are arranged symmetri-
cally on either side of the center of the sarcomere, and it
is this arrangement that creates the light areas in the
pseudo-H zone. The M line is the site of the reversal of
polarity of the myosin molecules in each of the thick
filaments. At these points, there are slender cross-con-
nections that hold the thick filaments in proper array.
Each thick segment contains several hundred myosin
molecules.



The thin filaments are polymers made up of two
chains of actin that form a long double helix.
Tropomyosin molecules are long filaments located in
the groove between the two chains in the actin (Figure
3–3). Each thin filament contains 300–400 actin mole-
cules and 40–60 tropomyosin molecules. Troponin
molecules are small globular units located at intervals
along the tropomyosin molecules. Troponin T binds
the other troponin components to tropomyosin, tro-
ponin I inhibits the interaction of myosin with actin



(see below), and troponin C contains the binding sites
for the Ca2+ that initiates contraction.



Actinin, which has a molecular weight of 190,000,
binds actin to the Z lines. Titin, a large protein, con-
nects the Z lines to the M lines and provides the scaf-
folding for the sarcomere. It contains two kinds of
folded domains, and these provide muscle with its elas-
ticity. At first when the muscle is stretched there is rela-
tively little resistance as the domains unfold, but with
further stretch there is a rapid increase in resistance that
protects the structure of the sarcomere. Desmin binds
the Z lines to the plasma membrane.



Sarcotubular System
The muscle fibrils are surrounded by structures made
up of membrane that appear in electron photomicro-
graphs as vesicles and tubules. These structures form
the sarcotubular system, which is made up of a T sys-
tem and a sarcoplasmic reticulum. The T system of
transverse tubules, which is continuous with the mem-
brane of the muscle fiber, forms a grid perforated by the
individual muscle fibrils (Figure 3–1). The space be-
tween the two layers of the T system is an extension of
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Figure 3–3. Top left: Arrangement of thin (actin) and thick (myosin) filaments in skeletal muscle. Top right: Slid-
ing of actin on myosin during contraction so that Z lines move closer together. Bottom left: Detail of relation of
myosin to actin. Note that myosin thick filaments reverse polarity at the M line in the middle of the sarcomere. Bot-
tom right: Diagrammatic representation of the arrangement of actin, tropomyosin, and the three subunits of tro-
ponin (I, C, and T).
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