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Figure 6-1. Organization of skeletal muscle, from the gross to the molecularlevel. £ G, H, and / are cross sections at the levels indic:



General physiology
Second Semester 2022-2023
Lecture 26
Skeletal Muscle Contraction |

Zuheir A Hasan, Professor of Physiology
Department of Anatomy , Physiology and Biochemistry
College of Medicine
HU

Lecture objectives
List the three types of muscles and their primary function
Eﬁuim the gross anatomy of the muscle skeletal muscles and microscopic of the muscle
10ers
|dentify the structural features of muscle fibers and the components of myofibril

Define the sarcomere and identify the arrangements of contractile and structural
proteins within the sarcomere

Describe the contractile proteins in the myofibril and their molecular arrangement of
Actin and Myosin

List the cytoskeleton proteins within the sarcomere and their function
Describe the events in a2 muscle contraction cycle and the myosin ATPase cycle
Define the role of ATP in muscle contraction

Describe the sliding-filament model of sarcomere contraction

Dem:ll'flhe the role of calcium ions in muscle contraction and excitation contraction
coupling
Define Rigor Mortis Phenomenon



Types of Muscle

|

Astached to banes

Baloes up 40% of body weight

Aespongibbe fior lpcomation, fackal expressions, posture, respiratory mosements, vocalization
loints stabilization ete.

Voluntary in action; confrolled by somatic motor neyrons

Striated

Heat production
= Smooth
= |n the walls of holiow organs, blood vessals, eye, uterus, skin
- nctions: i in tract, d blood
Some fu wﬁnﬂwm food in digestive tract, dilating/constricting pupis, regulating flow, regulate

N O N O T |

— Insome locaticns, suforhyihma
= Controlted irvolurtarily by entdocrine and autonomic nervous systems
—  Sorme have spontansous sttty
= Mon striated
*  Cardiac
- Striated
= Heart: major source of pumping blood and mowement of blood in circulatory srstem
—  Bataihvgthimee

= Controlled irsluntarily by endocrine and autonpmic nervous systems

J Silage

muscle

« contraction

Syl Bl

335 \gle 3535
Samolemma

Functional Anatomy of skeletal muscles .

Epimysium = loose connective tissue sheath
surrounding each skeletal muscle

Muscle Fasciculi — visible bundles that
compose the muscle - these bundles are
composed of multiple muscie fibers (cells)

Perimysium = loose connective tissue
surrpunding the muscle fasciculi

Endomysium - loose connective tissue
surrounding each muscle fiber = functions to
separate and electrically isolate each cell




Ultrastructure of muscle fiber

il gh ol
Muscle Fiber - a slngle'ﬁ! EE":“' cell that
contains several nuclel located at the periphery
{edge) of the cell - largest are up 1o

ASmETINdlEREten and containing several

thousand nuclei

Myofibril - thread like structure extending
through the muscle fiber from one end to the
otheriflfhesSreaplas — composed of two
myofilaments {protein fibers)-actin and myasin

(SEftolEfi®- cell membrane of a muscle fiber

) \-)?ili_._.yl g dudill Slasll

- Lazssd Oyl

T tubules, Sarcoplasmic reticulum and Terminal cisterna

_'-|..:.11|
T tubu sverse tubules) -
ao oIve  Tiubuies and the Sarcopiasmic Retcum

sarcolemma located at regular

T-tubwl o HFinES Botion Thin fllament
and connecting the potentials inlo inberior
sarcolemma with the sarcoplasmic
reticulum (ER)
sarcoplasmic reticulum — i::{{:ﬁl L2 -
endoplasmic reticulum (ER) of the _ (- .
¢ { . L LR e i -
muscle cell - stores calcium ions , [ — e F It
used in contraction of the muscle e -

Terminal cisterna = an enlarged end
part of the sarcoplasmic reticulum
Triad — 2 terminal cisternaand a T
tubule




Skeletal muscle organization and Ultrastructure
of muscle fiber

SKELETAL MUSCLE

Ultrastructure of muscle fiber

* Sarcomere — the basic structural and functional unit of skeletal
muscle — the smallest portion of skeletali muscie capabiewaf
contraction

» Z disk — a network of protein fibers (titin — a protein responsible for

‘elastic recoil) forming attachment sites-foractinmyofilaments:

* Actin myofilaments = thin filaments resembling two strands of pearls
. e

twisted together
* Myosin myofilaments — thick filaments resembling bundles of
miniature golf clubs N~

= e YW oauslis adas
" e i e R o A
- &l Moircuies



The Arrangement of a Sarcomere

L Myl

Thin Hlaarmesest (mocting
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o} Duaskalis of lilaavonis and F olsos

The Sarcomere

sdlfcomenre
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e Helicopter o H
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Z disc M line Nﬁp s island e lgkis|

203 . ( sacromere [l Sk e
thick filament {myosin)

thin filament (actin)

— — —  titin (filamentous structural protein)



Ultrastructure of sarcomeres
Zones and bands of myofibril

* Zones — areas of measurement that make up the sarcomere to show contraction in the
sliding filament model a.

= M line — center line of a sarcomere and attachment site for myosin filaments

. . — area of the sarcomere extending out from the M line on either side - é6Mposes
* @By area of the 5arcnmerem
I the M line, the H zone, and the area where actin and myosin overlap

« Z disk - the area of the sarcomere indicating the ends of the sarcomere and the
attachment site for actin filaments.

* | band — area that includes the Z disk , made out of 2 ends of adjoining sarcomeres, and
mmpnsed of a.:tun nrﬁyr {no myosin)

A ECT NI ST AL
28lss 30 may JULs troponin

The Actin Filament M sian Wgpad e g Diligdg !
rélga A JEL tropomyosin

gy g G-aﬁtm active site !

Form the | band i Tm@,p;m 2 myosin J! bg.s
= Anchared at oneend to 2 ;

disc ;
Owerlap  with myosin
filament in a portion of the A

band -.."'""] '..:_-u;_'.;q / Ilu]i-_.‘,:

Fpus: &7

onomer that made F- . . :
2Tropomyesin S0 i1S Name is relaxing

F-uctin in hel
+ double-stranded helix ACTIN i;f * covers active sites protein
« composed of polymer zed G-Getii * prevends interaction | .
« ADP bound 10 each Geactin~~ with myosin dlasll relax Jas. 4

[actve sifes) aTm HET

« myosin heads bind 1o active sites s 1 - hinds actin
= T - hinds wopomyosin
i ._J..._u..ﬁ.J dolg __1.5 o = binds Cate q

L



Structure and Arrangement of Myosin Mnle:u-

Within Thick Filament

Actr-binding site
Myoain ATPase nite ~ .
" ml.—.'_;ﬂ actin J! ge sy

== 4 contraction !

bridge g3
{a) My molecules
(b} Thick filement *
This site binding with ATP
. L x , A1
G contraction/ relaxation J! ddasl ags lia o Ginllisia
Jl B s
cenzyme & 5)ke g2 J g site I 1ag by ATP I Lol myosin head
‘.,:]1 <. > dillall ala g
b o
ADP + phosphate +energy’ ! ey
23 ADP s+ay 5 hydrolysis ddac ATP ) yeay la amy labs Cross brioges
. contraction J! ddac @i La as) ailSe 8 Laa Ao and sliding of
actin over
myosin

A

ATP _id & =adey
relaxation Jasi



The Myosin filaments and myosin molecule

= Present in the A band

* Myosin Filaments are composed of

+ multiple myosin molecules ﬁbi:hji 51K
polypeptide chain o

* Two heavy chains Spirally around each
other to form the tail

= The four light chains are also part of the i
myosin head, two to each head, .

* Thus each myosin molecule has two
“heads” attached to a single "tail

» “head"” region - site of ATPase activity

Contraction an&elaxatiun cycle




Contraction and relaxation cycle

Contaction cycle confinues §
ATF is avadlable and Ga™ vl in

sarcopasm is high
| W

'ﬂ Myren cross:-hncdges
robate i cember of
AT |pOnear BTan) ‘ E
>

“Walk-Along” Theory

e Movement mm .'ul:l.l'tﬁrrlml

I T _-_1._7’! -._-_Ei S W "

Mycesin lament

The heads of the cross-bridges bend back and forth and step by step
walk aleng the actin filament, pulling the ends of two successhe actin
filaments toward the center of the myosin filament



The Sliding Filament Mechanism
Relaxed and Contracted States of sarcomeres

bid | yéu Las filaments J! Jab il :
) pdi dbluall Vi g (5100 gy TeemaesRs ) teme—

Contraction results from the slidl(\gum‘.fn%l:'ap e —, Setrm—ieeiay T, SEESIETRINE
due to engagement and coupling of actin Relaxed
and myosin flaments i A I
G —
i £ F
! functional group ! i |-
saily 73 sacromere @ e e s
J) el pu S ——— g
. Coptracted
s 7y b ( molecules gz 63
Which band shortens - I or A?
thin filament thick filament

Z discs




Which band shortens - [ or A?

* The Aband appearsdark 'i‘ ey 'i‘

A Relaxed
* The | band appears hight | band Aband

*  So. when the 1 band filament
is pulbed ntc the A band, the

| band s obscured®

Zdisk 4 M line
B. Contracted

Role of ATP and Fenn effect

o Large amounts of ATP are clesved to form ADP during the contraction process, and the greater the amount of work
med by the muscle, the greater the amount of ATP that is cleaved; this phenomenon is called the Fenn effiect

+ Before contraction begins, the heads of the cross bridges bind with ATP. The ATPase activity of the myosin head
immediately cleaves the ATP but leaves the cleavage products, ADP plus phosphate fon, bound fo the head, In this
statehtl'ée -:ur;lfunmtiun of the head is swch that it extends perpendicularly toward the actin fitament but is not pet
aftached to thi actin

= ‘When the troponin-tropomyasin compiex binds with calcium lons, active slites on the actin filament are uncovered
and the myosin heads then bind with these sites

= ‘When Cross bridges farmed the energy previcusly stored by cleavage of ATP in the relaxed state |s used for the
power stroke

* Once the head of the cross-bridge tilts, release of the ADP and phosphate lon that were previously attached to the
rvead is alloweed.

PR

= After the heead has detached from the actin, the new malecule of ATF is cleaved to begin the next oycle, leading to
A NEW POWEer STroke.

That is, the energy again “cocks” the head back to its perpendicular position ready to begin the new power stroke

ovcle :
se8all lgude 35y clo
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Rigor MortiiD
1. Myosin head attached M
1o actin

!

RIGOR

Rigor mortis:
= siate of contracture that occurs following death
= dua to loss ol ATP

_ Cytoskeletal Proteins

Longitudinal cytoskeletal proteins include two large proteins called titin and nebulin
Titin
— elastic anchor
— Helps am%lame it
- Adds an elastic element to the sarcomere,
* Titin is anchored at the M-Line, runs the length of myosin, and extends to the Z disc.
MNebulin
— stabilizing protein associated with the thin filament
= MNone elastic
= Spans the length of the thick filament i e
My mﬂ%p% an Important in thee structure of sarcomeres. They are found in the M-
mrég on of #g!sarcunﬁe'ré.m&ﬁ the thick filaments ngui?lnh. -

It's main purpose in this setting is to provide structural integrity by linking the
antiparallel myosin fibers and titin filaments which are connected to the Z-discs

Cytoskeletal Proteins : Transverse cytoskeletal proteins

Transverse cytoskeletal proteins link thick and thin filaments, forming
a “scaffold” for the myofibrils and linking sarcomeres of adjacent
myofibrils

A system of intermediate filaments holds the myofibrils

together, side by side

Dystrophin: An acting binding protein which anchors he entire

L]

myofibrillar array to the cell membrane
In patients with muscular dystrophy, dystrophin is defective or absent



