Muscle tissue




Muscle tissue

» Contractility (Actin filaments & Myosin)
* Organ, blood & body movement
¢ Mesoderm origin

FIGURE 10-1 The three types of muscle.

Types:

1. Skeletal muscle
2. Cardiac muscle ot il
3. Smooth muscle Ll The variation in diameter of muscle fibers depends on fac-

tors such as the specific muscle, age, gender, nutritional
status, and physical training of the individual. Exercise

» MEDICAI. APPLICATION

s

»  Myofibroblast enlarges thg Sf(eletal musculature by stimulating formation

. Pericvte of new myofibrils and growth in the diameter of individual
€ yt. . muscle fibers. This process, characterized by increased

*  Myoepithelial cell cell volume, is called hypertrophy (Gr. hyper, above +

trophe, nourishment). Tissue growth by an increase in the
number of cells is termed hyperplasia (hyper + Gr. plasis,

molding), which takes place very readily in smooth muscle,
whose cells have not lost the capacity to divide by mitosis.

a Skeletal muscle

nght micrographs VI SAUL LY PG, QULUITINAIIGU MY 1aMTIou MWD UM D1 IV DL sy YU LY e e i S, (c) Smooth
drawings. (a) Skeletal muscle is composed of large, elon- muscle is composed of grouped, fusiform cells with weak,
gated, multinucleated fibers that show strong, quick, voluntary involuntary contractions. The density of intercellular packing
contractions. (b) Cardiac muscle is composed of irregular seen reflects the small amount of extracellular connective
branched cells bound together longitudinally by intercalated tissue present. (a, b): X200. (c): X300. All H&E.



@ Skeletal (striated): long, cylindrical
multinucleated cells with cross-striations in

register: peripheral nuclelr, quick & tforceful

contraction; voluntary control




Cardiac muscle

A Cardiac: cross-striations not in register, nucleus
central, elongated and branched cells joined by
intercalated disks: mvoluntary, rhythmic and
forcetul
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Smooth muscle

G Smooth (visceral): fusiform cells. central nucleus.,

no striations, slow contraction, mvoluntary

Isolated fibers




Skeletal (striated) muscle

10-2 Development of skeletal muscle.
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Skeletal muscle begins to differentiate when mesenchymal
cells, called myoblasts, align and fuse together to make
longer, multinucleated tubes called myotubes. Myotubes
synthesize the proteins to make up myofilaments and
gradually begin to show cross-striations by light micros-
copy. Myotubes continue differentiating to form functional
myofilaments, and the nuclei are displaced against the
sarcolemma.
T r tidna i Part of the myoblast population does not fuse and differ-
LEE e } 1 entiate but remains as a group of mesenchymal cells called
1 EHER YT T 48 G muscle satellite cells located on the external surface of
(Cill m j u ﬁ T 4y L muscle fibers inside the developing external lamina. Satel-
ckiiredd 1s - lite cells proliferate and produce new muscle fibers follow-
ing muscle injury.

a Skeletal muscle




Skeletal muscle organization
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10-5 capillaries of skeletal muscle.

10-6 Myotendinous junction.

/

Tendons develop together with skeletal muscles and join
muscles to the periosteum of bones. The collagen fibers
of a tendon (T) are continuous with those in the connective
tissue layers around muscle fibers (M), forming a strong
unit that allows muscle contraction to move the skeleton.
X400. H&E.
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Muscular fibers organization

« Striated IFi 07 4007 St s o e
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*  Myofibrils
* myofilaments

* Myosin structure

* Actomyosin ATPase activity a Thick filament

Tropomyosin Troponin Ca?*-binding site

o Actin filament

* aactinin (actin-z line binding)

. G-actin  F-actin Myosin-binding site
¢ Tropomyosin
. b Thin filament
¢ Troponin (Tn T, Tn C, TnI)
Myofilaments, which include both thick and thin filaments, (a) A thick myofilament contains 200-500 molecules of
consist of contractile protein arrays bundled within myofibrils. myosin. (b) A thin filament contains F-actin, tropomyosin, and
troponin.
Lepariment of Uen ana Neuroniology, Keck SCrioor 0T Veg)- the M line and to the Z disc across the | bands by a very large aFrIIn filaments. Large mitochondria in c!'usssechon and SER
cine at the University of Southern California, Los Angeles.) protein called titin, which has springlike domains. cisternae are seen between the myofibrils. X45,000.
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Endomysium (between
muscle fibars)
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¢ Thin & thick filaments

e H zone
Rodlike portion of myosin
e Mline
Myomesin

Creatine kinase

¢ Myosin & Actin more than of 50% of muscle pr.
* Hexagonal structure
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Transverse tubules are invaginations of the sarcolemma that central transverse tubule (T) and two adjacent terminal
penetrate deeply into the muscle fiber around all myofibrils. cisterns (TC) extending from the sarcoplasmic reticulum.

(a) TEM cross section of fish muscle shows portions of two Centrally located is thg Z disc. Bgsifjes elementg of the triad,
fibers and the endomysium (E) between them. Several trans- sarcoplasm surrounding the myofibril also contains dense
verse or T tubules (T) are shown, perpendicular to the fiber glycogen granules (G). ; .
surface, penetrating between myofibrils (M). X50,000. Components of the triad are responsible for the cyclic

release of Ca?* from the cisternae and its sequestration again
that occurs during muscle contraction and relaxation. The
association between SR cisternae and T tubules is shown
diagrammatically in Figure 10-11. X90,000.

(b) Higher-magnification TEM of skeletal muscle in longitudinal
section shows four membranous triads (Tr) cut transversely
near the A-band-I-band junctions. Each triad consists of a




FIGURE 10=11 Events of muscle contraction.

Neuromuscular—
junction

Sarcolemma

Synaptic vesicles

Synaptic cleft
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@ A nerve impulse triggers release
of ACh from the synaptic knob into
the synaptic cleft. ACh binds to
ACh receptors in the motor end
plate of the neuromuscular
junction, initiating a muscle
impulse in the sarcolemma of the
muscle fiber.

(2) As the muscle impulse spreads
quickly from the sarcolemma
along T tubules, calcium ions are
released from terminal cisternae
into the sarcoplasm.




(DAcetylcholine releasad by
axon of motor neuron @ Action potential generated
crosses cleft and binds 1o in response to binding of
recaplors 0n mojor end plate. acelylchaline and subsequent




Contraction mechanism

Active sites
blocked

— —_—— ‘ — Sl e e SR ———
(B) When the impulse stops, calcium ions are actively (@) Calcium ions bind to troponin. Troponin changes shape, moving
transported into the sarcoplasmic reticulum, tropomyosin on the actin to expose active sites on actin molecules
tropomyosin re-covers active sites, and filaments of thin filaments. Myosin heads of thick filaments attach to exposed
passively slide back to their relaxed state. active sites to form crossbridges.

Active site

Thin filament—

Thick filament —

@ Myosin heads pivot, moving thin filaments toward the sarcomere
center. ATP binds myosin heads and is broken down into ADP and P.
Myosin heads detach from thin filaments and return to their prepivot
position. The repeating cycle of attach-pivot-detach-return slides
thick and thin filaments past one another. The sarcomere shortens
and the muscle contracts. The cycle continues as long as calcium
ions remain bound to troponin to keep active sites exposed.




FIGURE 10-12 sliding filaments and sarcomere shortening in contraction.
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relaxed muscle. (b) During muscle contraction, the Z discs at
the sarcomere boundaries are drawn closer together as they
move toward the ends of thick filaments in the A band. Titin
molecules are compressed during contraction.

Diagrams and TEM micrographs show sarcomere shortening
during skeletal muscle contraction. (@) In the relaxed state the
sarcomere, | band, and H zone are at their expanded length.
The springlike action of titin molecules, which span the |

band, helps pull thin and thick filaments past one another in




» Changes in a Sarcomere During Contraction
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Energy for Muscle Contraction
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* Myelinated motor nerve

¢ In perimysium

*  Unmyelinated branch to endomysium
* Schwann cell

* Motor end plate (MEP)

* Acetylcholine

* Synaptic cleft

* Junctional folds

¢ Motor unit

MEDICAL APPLICATION

Myasthenia gravis is an autoimmune disorder that involves
circulating antibodies against proteins of acetylcholine
receptors. Antibody binding to the antigenic sites inter-
feres with acetylcholine activation of their receptors, lead-
ing to intermittent periods of skeletal muscle weakness.
As the body attempts to correct the condition, junctional
folds of sarcolemma with affected receptors are inter-
nalized, digested by lysosomes, and replaced by newly
formed receptors. These receptors, however, are again
made unresponsive to acetylcholine by similar antibod-
ies, and the disease follows a progressive course. The
extraocular muscles of the eyes are commonly the first
affected.

INnnervation

Before it terminates in a skeletal muscle, each motor axon
bundled in the nerve forms many branches, each of which
forms a synapse with a muscle fiber.

(a) Silver staining can reveal the nerve bundle (NB), the terminal
axonal twigs, and the motor end plates (MEP, also called neuro-
muscular junctions or NMJ) on striated muscle fibers (8). X1200.
(b) An SEM shows the branching ends of a motor axon, each
covered by an extension of the last Schwann cell and expanded

terminally as an MEP embedded in a groove in the external
lamina of the muscle fiber.

(c) Diagram of enclosed portion of the SEM indicating key fea-
tures of a typical MEP: synaptic vesicles of acetylcholine (ACh), a
synaptic cleft, and a postsynaptic membrane. This membrane, the
sarcolemma, is highly folded to increase the number of ACh recep-
tors at the MEP Receptor binding initiates muscle fiber depolariza-
tion, which is carried to the deeper myofibrils by the T tubules.




