


Skeletal muscle accounts for more than a third of an awverage healthy SIII-].rear--:-id'slde].r mass,

bt its cell= are unli ke most human tissues. Muscle cells are actually long cWindrical fibers,

some reaching 20 centi meters, cortaining multiple nuclei. Bundles of =maller fibers within each
muscle cell contract to provide the steady support needed for sitting upright st the movies or the
explosive poweer required to burst off starting blocks and run & four-rminute mile,

To meet these constant and constantly changing SARCOMERE
demands, muscle contains different fiber types —

suited to long-lasting effort or quick burst= of strength, contracted
as vell as cellular structures that protect the fibers -
from damage by the force of their own contractions.

EUNDOLES OF MUSCLE FIBERS ACTIH
are themselves bundled togethear, amid
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MUSCLE

connective tizsue and fat [left]. OF twio major MY OSIN

fiber types, darker "slow" fibers burn energy

rore slowdy, making them fatigue-resistant relaxed
but les=s responsive when power is needed W‘*‘

rapidly, Pale “fast" fibers are quicker

and stronger, but certain subtypes tire
A ezsily. Fibers can adapt to changing - *‘F\ﬂ*
demands for strength or endurance

Bundle of Fibers ) ° by switching type.

kY OFIERILS fill each
muscle cell, Every
rycfibrilis rade of
stacks ofunits called
sarcameras [below).
Each sarcomere is a
|=ttice of the proteins
actin & myosin [abowve),
These protein filaments
slide across one [
‘another to contract the |
SArCOMmars, En:nllectiv'el],{
their cortractions make,
the ertire muscle
fiber contract.

Muscle fiber [zall]

Extracellular Matrizx
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SARCOMER

Mucleus

FORCE GENERATED by the sarcomeres’
contractions is conducted oot of the fiber by
proteins that span the call membrane, connecting
to extracellular matrix tissue. Among these,
dy=strophin also serves as a shock absarber,
protecting the cell membrane from damage.
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Levels of Muscle Structure

Muscle

Muscle Bundle The Motor Unit

Branches of
Muscle Fiber mote nawors Y orie

(myofiber)
Myofibrils
Myofilaments
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Muscle Bundle

MUSCLE SECTION

COntainS 10-20 : R Perimysium

Epimysium

S Blood - VS IS :
mYOfleI'S ve(s)sels\" SealE S o .« : ;:Endomysmm

Encased by
perimysium
Can see with the
naked eye

Myofibrils
FIGURE 3-3
Drawing of a skeletal muscle in cross section showing muscle fibers, bundle
arrangement, pervading connective tissues, nerves, and blood vessels. [Modified
from J. E. Crouch, Functional Human Anatomy, 2nd ed. 1972. Lea & Febiger,
Philadelphia.]




Myofiber (Muscle fiber)

Individual muscle

Sarcolemma Tapered end

Cell of fiber
Myofibrils \ T AR\ — A - TN,
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FIGURE 3-4
m m Drawing of skeletal muscle fibers showing structutral features, and their
SarCOle a‘ longitudinal orientation. [After M. Briodel, Johns Hopkins Hosp. Bull.
61:295, 1937; © The Johns Hopkins University Press.]




Myofibrils

Embedded in
sarcoplasm

Mitochondria
located between

Nucleus

myofibrils

Sarcolemma
Reticular fibers

FIG. 2.9. DIAGRAMMATIC SKETCH OF A MUSCLE FIBER




Myofibrils

Comprised of repeating units:
sarcomeres

A band
[ band

Z disk
H zone
Pseudo-H zone
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Sarcomere
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Myofilaments

Contractile Proteins
Myosin
Actin

Regulatory Proteins
Tropomyosin
Troponin

Structural Proteins
Z - Line Proteins
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Contractile Proteir

I Band A Band I Band
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Myosin
=0 — 80% of the total
protein
Thick filament

Burns the ATP for
muscle contraction
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Myosin head moves
back and forth to
perform a muscle
contraction




Contractile Proteins

Actin
20% of the myofibrillar
protein
Thin Filament
Globular protein (G-
protein)
Arranged like a
twisted pearl necklace
(F-protein)
Myosin head attaches
to the Actin

l‘f““"i PN
AA

A




Regulatory Proteins

Regulate contraction and the speed of contraction
Tropomyosin
Troponin




Regulatory Proteins

Tropomyosin
Thin protein that lays around the Actin proteins
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Tropomyosin

End View




Regulatory Proteins

Troponin

3 Subunits -
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Binds trop onSuLL 20N
Tnl
Inhibitory subunit

TnC

Ca** binding subunit



3 Dimensional




How does all this fit together?

Myofibril

Sarcotubules

Fig. 15-16. Dhgnmofpnﬂofamammﬁmnkalehlmmdeﬂb«.mmﬁngthenmphmﬂc:&
ticulum ihmyolbﬁh.lnmmﬂnnlkelehlnmlde,mow(r)mbuhmpplyn
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located around the A band, and these anastomose to form a network in the central region of the A
mmmhmmmhmmmmdmehomndimmtmm
a transverse tubule is called a triad. (Courtesy of C. P. Leblond)




More Structural Stuff

Sarcolemma - membrane around the myofibril;
sits just under the endomysium

Sarcoplasmic Reticulum
T — tubules or Transverse Tubules
Terminal Cisternae




More Structural Stuff

Sarcoplasmic Reticulum
Surrounds each myofibril
Stores Calcium, needed for contraction

T - tubules and Terminal Cisternae transport Ca

to cytosol & transmit nerve impulse

g Oine Sarcomere —FH
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We've laid the ground work, let’s talk
about muscle contraction

“Sliding Rod Theory” Hanson and
Huxley 1955; Huxley 1965, 1972; Huxley
and Hanson, 1960




Muscle Contraction

A signal travels down a nerve

Attached to individual muscle
cells

The signal is passed on to the |

Sarcolemma

The Sarcolemma depolarizes

Fig. 15-12. Photomicrograph showing the motor end plates on
skeletal muscle fibers (stained with gold chloride).




Muscle Contraction

The depolarization causes the SR to release Ca
into the cytosol

The Ca will bind with troponin (Tn)

This causes a shift in the troponin tropomyosin
(Tm) complex

Tn'QCa
Tm

Actin Actin

Tm Myosin

Tm Tn — bindin
P P 5 9

site
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fi} Myosin cross bridge attachas to the actin
rraycdilumend

Thilr Tikarrent

ADP and P,

AR Thick filament s Eﬂ:;%ﬁ':fm
relessed

() As ATPis split inta ADP and P, cocking (2) Working stroke—the myosin head pivots
and bends as i pulls on the actin filarment,
SIS B o B ST sliding it toward the M line

Myosin head
[low-anergy
configuratien)

(5} As new ATP attaches to the myosin head,
the crogs bridge detachea

Copyright 2001 Banjamin Cummings, an imprint of Addison Wesley Langman, Ine.




The ATPase activity of Myosin

ATP (Adenosine Triphosphate) bind to the Myosin
head

ATP hydrolysis to ADP + Pi “cocks” the Myosin head

A eesS

Miyosin head —1 A — ADE'
tfwah-mrﬂr o

configuration)
rosin croas bridge attaches to the actin
ﬁ) %Miﬁl;ﬁﬂt =

Thin filarment

f ) LR and P,
< ABR Thick fitament S (Inosgank
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As ATP is split into ADP and P, cocking
® of the myoﬁa head oecurs |

(3} As new ATP allaches to the myosin head,
the crogs bridge detaches

Capyrght © 2001 Bamamin Cummings, an imprnt of Addison Wesley Langman, Inc.




The ATPase activity of Myosin

The Myosin head

attaches to the

exposed binding site |

on Actin e

Weak bond

Thin filarnent

L) =POF Thick fiament

Pi leaves the Myosin
head causing the
“Power Stroke”

ADP iS released @mlcykTPannmtolhamyoﬁnma.d.

As AT is split inta ADP and P, cacking
@ of the rm.roga head oecurs "

rosg bridge detachas
Copyrighl @ 2001 Bamjamin Cummings, an imprnt of Addison Weskey Longman, Ine.

causing a strong
Myosin - Actin bond




The ATPase activity of Myosin

ATP re-attaches to
the Myosin head
causing the head to
release from the
Myosin - Actin
binding site




Let’s put it all together

1.) An impulse travels down a nerve to a muscle

cell

2.) The nerve impulse is transferred to the
Sarcolemma of a muscle cell

3.) The Sarcolemma depolarized causing the
Sarcoplasmic Reticulum to release Ca into the

cytosol of the cell




Let’s put it all together

4.) The Ca binds to Troponin on the Troponin -
Tropomyosin complex

5.) The Tn - Tm complex shifts to the grove of the
Actin exposing the Actin - Myosin binding site

6.) ATP has bound with the Myosin head releasing
it from the previous contraction




Let’s put it all together

=.) Myosin hydrolyzes the ATP to ADP + Pi,
“cocking” the Myosin head

8.) Myosin attaches to Actin forming a weak bond
9.) Pi is released causing the “power stroke”

0.) ADP is released forming a tight rigor bond of
Actin and Myosin










What makes these guys so strong?
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What makes those guys strong is the same
that makes him strong!




Or, Who'’s Stronger??




See ya this afternoon




