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Smooth muscle

* has narrow, tapered rod-shaped cells.

* has nonstriated, uninucleated fibers.

* occurs in walls of internal organs
and blood vessels.

* is involuntary.

Cardiac muscle

* has striated, tubular, branched,
uninucleated fibers.

* occurs in walls of heart.

* is involuntary.

Skeletal muscle

« has striated, tubular,
multinucleated fibers.

* is usually attached to skeleton.

* is voluntary.



i TYPES OF MUSCLE CONTRACTION

eIsometric contraction: Contraction occurs without an
appreciable decrease in the length of the whole muscle.
eIsotonic contraction: Contraction against a constant load,
with approximation of the ends of the muscle.

*Twitch contraction: This is a rapid, jerky response to a single
threshold or greater stimulus.

Treppe contraction: This a type of contraction in which
skeletal muscle contracts more forcefully in response to the same
strength of stimulus after it has contracted several times.
eTetanus: This occurs when muscle is stimulated at
progressively greater frequencies. At a certain higher frequency,
contraction is forced together and cannot be differentiated from
one another. This state is known as tetanization.



SKELETAL MUSCLE
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SKELETAL MUSCLE
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SKELETAL MUSCLE
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SKELETAL MUSCLE
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Structure and Orgamzational" evel:

CONNECTIVE
STRUCTURE AND ORGANIZATIONAL LEVEL DESCRIPTION TISSUE WRAPPINGS
Myofibril or fibril (complex organelle composed of Rodlike contractile element; myofibrils occupy most of
bundles of myofilaments) the muscle cell volume; composed of sarcomeres
Myofibril arranged end to end; appear banded, and bands of
Sarcomere adjacent myofibrils are aligned
Sarcomere (a segment of a myofibril) The contractile unit, composed of myofilaments made up
——————— SArCOMere ————————p of contractile proteins
~39%, 599, —
\)919W\9?)]
~9985, 3399, —
Thin (actin) filament Thick (myosm) filament

Myofilament or filament (extended macromolecular Contractile myofilaments are of two types—thick and thin:
structure) : the thick filaments contain bundled myosin molecules; the
Thin filament Actin molecules thin filaments contain actin molecules (plus other pro-

teins); the sliding of the thin filaments past the thick fil-
aments produces muscle shortening. Elastic filaments (not
shown here) maintain the organization of the A band and
provide for elastic recoil when muscle contraction ends

Thick filament Head of myosin molecule
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Power Stroke

Actin molecules in thin myofilament

&) Binding: Myosin
cross bridge binds to
actin molecule.

- 3 Power stroke: Cross
bridge bends, pulling thin
myofilament inward.

E) Detachment: Cross
bridge detaches at end of
power stroke and returns
to original conformation.

£) Binding: Cross bridge
binds to more distal actin
molecule; cycle repeats.




i SLIDING FILAMENT THEORY

When a muscle cell contracts, the thin filaments
slide past the thick filaments, and the sarcomere
shortens. This process comprised of several steps is
called the Sliding Filament Theory. It is also called
the Walk Along Theory or the Ratchet Theory.



SLIDING FILAMENT THEORY
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Table 12.2 | Summary of the Sliding
Filament Theory of Contraction

1

A myofiber, together with all its myofibrils, shortens by
movement of the insertion toward the origin of the muscile.

Shortening of the myofibrils is caused by shortening of the
sarcomeres—the distance between Z lines (or discs) is
reduced.

Shortening of the sarcomeres is accomplished by sliding of the
myofilaments —the length of each filament remains the same
during contraction.

Sliding of the filaments is produced by asynchronous power
strokes of myosin cross bridges, which pull the thin filaments
(actin) over the thick filaments (myosin).

The A bands remain the same length during contraction, but
are pulled toward the origin of the muscle.

Adjacent A bands are pulled closer together as the | bands
between them shorten.

The H bands shorten during contraction as the thin filaments
on the sides of the sarcomeres are pulled toward the middle.
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/Nerve impulse
of acetylcholine (ACh).

Muscle
action potential

ACh diffuses
across cleft,

Contraction: power strokes
use ATP; myosin heads bind
to actin, swivel, and release;
thin filaments are pulled toward
center of sarcomere.

Troponin—tropomyosin
complex slides back into
position where it blocks

the mydsin—binding sites on
actin.

\'> @ Muscle relaxes.

4—\6

o e o =
o o o

Muscle AP tréveling along T tubule

©

o . .
binds to its ~ 1o opens Ca?*release channels in -
receptors in the 1 O/C\J the sarcoplasmic reticulum (SR), A©
motor end plate, . which allows calcium ions to flood® Coc
and triggers a ACh receptor o J o into the sarcoplasm. I g
muscle action = © e Ceo  ©0 C i e
potential (AP). & D& S

@Acetylcholinesterase in == ©©
sggwaptic cleft destroysi e = Ca2+ e = o
ACh so another muscle © - © o
AC h E action potential does not % - Lrmnmne awndCane

arise unless more ACh is S o W —
released from motor neuron. © P ) o

e —————

m‘“" Elevated
Ca?*-

Ca?* binds to troponin on
the thin filament, exposing
the binding site for myosin.

Ca?* release channels in
SR close and Ca?* active =
transport pumps use ATP ~— ©

to restore low level of a9

)

e T e R e e


http://inhome-personaltrainer.com/how-muscles-contract/sliding-fillament-theory-pic/

2 Sarcomeres

H zone | band A band
| 1
I g 1B T ) 1

Thick filament
Z disc Thin filament Z disc M line Z disc

(a) Relaxed muscle

a0

i
B

ok

.

WA
Y

v

(b) Partially contracted muscle

(c) Maximally contracted muscle



LIS Comparison of Skeletal, ¢

: f".-rﬁ ~=

CHARACTERISTIC SKELETAL CARDIAC SMOOTH
Presence of gap junctions  No Yes; at intercalated discs Yes; in single-unit muscle
Cells exhibit individual Yes No Not in single-unit muscle; yes

neuromuscular junctions

Regulation of contraction

Source of Ca2™ for calcium
pulse

in multiunit muscle

Voluntary via axon terminals Involuntary; intrinsic system Involuntary; autonomic nerves,
of the somatic nervous regulation; also autonomic hormones, local chemicals;
system nervous system controls; stretch

hormones; stretch

Sarcoplasmic reticulum (SR) SR and from extracellular fluid SR and from extracellular fluid

Copyright @ 2006 Pearson Education, Inc., publishing as Benjamin Cummings.

Table 9.3.3



WAGNACHE] Comparison of Skeletal, Cardiac, anc

CHARACTERISTIC SKELETAL CARDIAC SMOOTH
Site of calcium regulation Troponin on actin-containing  Troponin on actin-containing Calmodulin in the sarcoplasm
thin filaments thin filaments
Calmodulinf Myosin
head
Actin Troponin Actin Troponin
Presence of pacemaker(s) No Yes Yes (in single-unit muscle only)
Effect of nervous system Excitation Excitation or inhibition Excitation or inhibition
stimulation
Speed of contraction Slow to fast Slow Very slow
Rhythmic contraction No Yes Yes in single-unit muscle
Response to stretch Contractile strength increases  Contractile strength increases  Stress-relaxation response
with degree of stretch (to a with degree of stretch
point)
Respiration Aerobic and anaerobic Aerobic Mainly aerobic
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Table 3-2. Sequence of events in contraction and relaxation
of skeletal muscie.

Steps in contraction’

(1) Discharge of motor neuron.

(2) Release of transmitter (acetyicholine) at motor
end-plate.

(3) Binding of acetyicholine to nicotinic acetyicholine
receptors.

(4) Increased Na' and K* conductance in end-plate
membrane.

(5) Generation of end-plate potential.

(6) Generation of action potential in muscie fibers.

(7) Inward spread of depolarization along T tubules.

(8) Release of Ca®* from terminal cisterns of sarcoplasmic
reticulum and diffusion to thick and thin filaments.

(9) Binding of Ca?* to troponin C, uncovering myosin-
binding sites on actin.

(10) Formation of cross-linkages between actin and myosin
and sliding of thin on thick filaments, producing short-
ening.

Steps in relaxation
(1) Ca?* pumped back into sarcoplasmic reticulum.
(2) Release of Ca?* from troponin.
(3) Cessation of interaction between actin and myosin.
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Smooth muscle

Muscle excitation

:

Rise in cytosolic Ca®*
(mostly from extracellular
fluid)

Series of biochemical events

Skeletal muscle

Muscle excitation

:

Rise in cytosolic Ca2*
(entirely from intracellular
sarcoplasmic reticulum)

:

Physical repositioning of
troponin and tropomyosin

:

:

Phosphorylation of myosin
in thick filament

Uncovering of cross-bridge
binding sites on actin in
thin filament

:

l

Binding of actin and myosin
at cross bridges

Binding of actin and myosin
at cross bridges

l

:

Contraction

Contraction

® Brooks/Cole - Thomson Leaming







