PI\pPHYSIOLOGY

EAMABS

Physiology of Skeletal Muscle Contraction

___________________________________________________________

. For better understanding , we recommended

[ Extra information ' you to study Integrated muscle lecture.
' Chick histology team work :Integrated muscle

B ems !

[ Very important
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http://ksumsc.com/download_center/1st/2. Muscloskeletal block/435 Teamwork/Histology/1-muscles.pdf

HTRIgE0SY Over view

- The muscle cell contains thousand of (myofibrils)
- Each myofibril consists of (sarcomere) “which is
the functional unit”

myofibrils .
- The sarcomere consist of :

Light band Dark band
sarcomere —
(I band) (A band)

Thick filament
( myosin )

Thin filament
(‘actin)

Thin filament
(actin)

bands

. Between (A band) there is light
filaments band called (H band) - which
contain myosin only
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Over view

EAMA3S

The structure of a muscle fiber, from myofibril to myofilaments to sarcomeres
The myofibril, the source of a muscle fiber’s striations

Myofibril

Sarcolemma

e
Sarcoplasm —~2

Skeletal muscle fiber
A section of a muscle fiber, revealing -
its myofibrils, each of which is
composed of myofilaments

S _A

Sarcolemma

P

Thin filament
Thick filament

Sarcomeres, the repeating
functional units of myofilaments

Arrangement
of filaments in
zone of overlap

Myofibril
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Muscle Resting
membrane potential

Duration of Action
potential

Conduction Velocity

Muscle Action Potential

|-5 ms “longer duration than nerve AP
which is usually about | ms“
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[ Each myofibril is made up of 3000 Actin and 1500 Myosin ]

Y
TEAMABS

HYSIOLOGY

Muscle Fibers

Skeletal muscle is made up of many cylindrical ,multinucleated muscle cells (fibers).

The fibers ( cell ) can be 10 to 100 ten micron in diameter and can be hundreds of centimeters long.
Each muscle cell (Fiber) is covered by a cell-membrane called Sarcolemma.

Each cell contains between a few hundreds to a few thousands Myofibrils.

Each Myofibril contains :

Actin (thin) filaments.
Myosin (thick) filaments .

Each myofibril is striated and consisting of :
Muscle fiber

DArk bands (A-bands) It has pale area in the middle (H band) H oz A |
which divided by a dark line called (M line). ' oand band_band band
“A band is mainly formed of thick filament (myosin)”. '

Light (I-bands) it has a dark line in the middle called (Z band). " Miide , zs,,m,,_z. ‘woﬁb'il
“I band is formed by thin filament (actin)”.
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https://www.youtube.com/watch?v=DfKKf89-dFI

................................................................................................................

* Skeletal muscles ( remember from histology) : striated , voluntary ,
spindle shaped , have dark and light bands.

* The light bands contain only Actin filaments and are called ( I-bands).

* The dark bands contain myosin & Actin filaments ( A-bands).

Myofilame

Openings into
transverse tubules

Triad {Transverse (T) tubule

Terminal cisternae
Sarcoplasmic reticulum

Video


https://www.youtube.com/watch?v=f_tZne9ON7c

PHYSIOLOGY .
TEAMA 35S Muscle Fibers

= Sarcoplasm :
Matrix inside muscle fiber in which myofilaments suspended.
= Sarcoplasmic reticulum :
It is endoplasmic reticulum inside sarcoplasm full of Ca+. “s sdlS () 3347

= T- tubules: T Transmission of Action

Transmission of Action

Extend from one side of muscle to other. . potentials occur along

« . R | transverse tubules (t-tubules) !
What is the function of T-tubules ? N % | that penetrate all the way

. Sarcomere : through the muscle fiber |

. from one side of the fiber to !

contractile unit of muscle, it is the zone between two Z lines . the other. T-tubule action |

potentials cause release of
: calcium ions inside the
Z discs (lines) : muscle fiber which initiate
the contraction. .
. “Although it wasn’t written in our |
slides it is very important to
know T-tubules function!”

( discs)=2 micrometer in length in resting state.

lines extend all way across myofibrils.
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https://www.youtube.com/watch?v=hHoaiD_4DW8

Z disc Hzone | Zdisc

Thin (actin) filament ———_ —

Thick (myosin)
filament

(b) Myofibril or fibril
(complex organelle
composed of bundles
of myofilaments)

I T I
| ba|md A band | band M line

* The distance between 2 Z lines > sarcomere > the functional unit of contraction. |
. » T-tubule “transverse tubule” : Lua e cell membrane ) ok :
| “invagination of sarcolemma” they contain ECF.

* Sarcoplasmic reticulum surrounds the T-tubule and it is "asaadlS) () 334"



T-tubule brings action Thin filament
potentials into interior
of muscle fiber. Sarcolemma Thick filament

Triad Sarcoplasmic reticulum Terminal
stores Ca?*. cisterna

___________________________________________________________________________________________________________________________________

T-tubule (or transverse tubule) is a deep invagination of the sarcolemma which is the plasma membrane
of skeletal muscle cells. These invaginations allow depolarization of the membrane to quickly penetrate
to the interior of the cell.



https://en.wikipedia.org/wiki/Invagination
https://en.wikipedia.org/wiki/Depolarization
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Sarcomere bands

Inside each sarcomere there are :

s

~

3 bands

s

Formed of actin
and myosin
filaments

N
Formed of Formed of
actin filament myosin
only filament only
J - J -
- Aband 4 za‘i—ig(ir | Sarcomere .
— T =
M line 1 bl‘md H z'one Myofibril
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Z-hinea H-zone
M-line

Sarcomere

thin filamenrt thick filament
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I Sarcomere :is one of the segments into which a

: fibril of muscle is divided.
|
|

! M line : provides an attachment for myosin

1 filaments
|

£ « myofibri

Z line :provides an attachment for actin filaments

A band :is the darker band of the myofibril containing

the myosin and actin filaments - e
H band :is the lighter section in the middle of the A prry x Y ]
band where only myosin is present = TZl.ine M line ‘ zh}.;m

myosin actin

| band :is the lighter band of the myofibril containing 'thick' filament 'thin' filament

only the actin filaments
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Muscle Contraction

= Contractile proteins are :
Actin & myosin

= Regulatory proteins are:

|. Troponin :
“excitatory to contraction”

2.Tropomyosin : i * It has tail and head
“inhibitory to contraction” i -+ Head has ATP site.

..............................................
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PTEANZ IS Thin Filament

. Thin filament consists of :

* Actin ( double helix) .
" binding site with myosin [ Active site ] : 4

. e Tropomyosin :
) @ @ QG (@ ' Taasi s double helix ) (e 25 50 s e 3 5le
@ O @ T mnesesn coun] Active site J) ke |

Actin molecules cross bridge

L ellia | sy ol Q6 Laal) 13a oY Tl
1 sp A e Jeny AT (e

e Troponin :* 3 balls “ every ball will be
attached to something :

- One ball with Tropomyosin

' - One ball with Actin

' -One ball with CALCIUM

_____________________________________________________
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Thin filament

: 3 Tropomyosin lies in the groove between 1 r====-======---—-mommcmoooms
1

1
]
I r
11
11
i the F-actin strands to cover the active sites !
________________________ i
4. Troponin is attached { on actin that bind the head of myosin. | together to form double
11
1

1
1
1
1 it petiny el el i “| 7[ { helix called Actin Filament |
. I
actin ! Troponin complex Tropomyosin | f====================-s
Z

i Tropomyosin covering ! Sk gat o sroedl Be Nl dbna el
i active sites on Actin i [T T e i ! Groove between the !
e : 1. G-actins are attached together { | 2F-actinstrands !

 to form F-actin strand (chain) ittt
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The rule of thin filament in muscle

contraction
[2- These active\ [ \
sites are covered 3-When Troponin
and hidden from is activated by
the Myosin head Ca++ it will move
by the inhibitory the Tropomyosin
[I- Each G-Actin\ protein away from these
Tropomyosin sites and expose
molecule has a ,
binding site for them for Myosin
Myosin head \ . j \ \ j
“called actin (4_ Then myosin\
active sites”

. Tk head will attach
actin active sites
immediately lead
to formation of

“cross-bridge” )
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H\PHYS Lo Thick Filament

Thick filaments contain only myosin

each myosin molecule contains :

Head Each myosin head contains an ATP binding site
1 as well as ATP-ase enzyme

Actin binding site ;
Myosin ATPase site —£

Tail Myosin molecule

. »Each 200 myosin molecules aggregate to
. forma myosin filament , from the sides
of which project myosin heads In
all directions.

Contact us : Physiology435@gmail.com



heavy chain actin-
binding site
ATP-

binding site

actin-binding site

tail head
thick
filament

* Myosin tails are arranged to point toward the center of the sarcomere.
* The heads point to the sites of the myofilament band.


https://www.youtube.com/watch?v=7Nh2FfqDZT4&feature=youtu.be

i TEA 'Z'gogY Thick Filament ‘“Extra”

*  Thick filament consists of myosin only.
- * it has head and tail
e The head is connected to 2 binding sites “2 ears” :

o
v’
-
o
.
e
g
o’
o
Y
o
oe”
o
o

- | Ear will be attached to Actin B
- and the other will be attached to ATP B o
| Ll IS de Adadi je (5585 ATP I pe ddai ) (03 1

Myosin head

........ pnge
....... . region
........ Myosin tail

* Head contains an enzyme “ATPase” which is
| responsible of degradation of ATP into 3 -
(ADP+ phosphate) : Myosin molecule
LS Al A8 agal ) ey Les | 4dils agd 3y 3

. » Between the head and tail, there is a space
called “Arm”

Myosin resembles “Golf stick”

Contact us : Physiology435@gmail.com
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Sliding filament theory

When contraction
takes place

Actin & Myosin slide

upon each other This process is called :
Sliding Filament
So the distance between Mechanism

two z-discs decreases

thin filamenrt thick filament

" I-band gets smaller ,and eventually may disappear |
A-band does not become smaller or bigger

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=gZevEd0qeW4
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Sliding filament theory

A
24 T3 A2 T t mm— - —
- T % FER YT " e -
4ot SeS SaY L T —— 2.
' . - - - . ~ - —— f—
~ = - < - :j et
R e
= —— - 4 A e f —t
Relaxed
~w . -~y
% r S —
- em—nan — ry T 2 + — -+
> . 4 ..
r e s T
-
—— e
- y 1 ~
+ -
Contracted

The changes that happened on the length of the bands when there is contraction :
- A band = no changes in length
: - | band - be shorter
. - H band - be shorter, or even disappear
Video |
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https://www.youtube.com/watch?v=gZevEd0qeW4

EM Evidence for Sliding Filaments

Sliding filament theory: sliding of A & | bands
without shortening of FILAMENTS. ”Actin & Myosin”

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=EdHzKYDxrKc

Overview about the mechanism of

muscle contraction

i Our hero here is calcium, so once the calcium binds to troponin conformational change takes place :

L O el e Bl MU Active site ) e JUll eV 428 55 Tropomyosin ) (S« st troponin

i * myosin will come and bind with the actin since the active site of actin is exposed now

o uleell s glad 4Kl il ad (o saal e V) LS ) 25

e ESY) aeadaln ) aie € agal A ) A8 alasiuly G sl oy e

'+ Right after myosin bind with actin, the myosin will use the energy that’s stored inside it by change it from
i chemical to mechanical and release the (ADP+P) .

E *  When (ADP+P) are released ,the head of myosin will bend > this movement is called [ power stroke ].
e s s sl aaiiPower stroke JS e

i * To detachment the actin from the myosin we need a new ATP

e AT Sl ae Cps saall Ladi g o Cppas saall o GESY) Jaadl 5aa ATP i

i . f«..'a,ﬁa&l.'aﬂ\)Mujwﬁdbggﬁs“ﬂ\dmélgul,sqg.\;ATPaﬁ}e.\cdt;gé

i * In this stage the myosin become active again so it bind to another actin and “cycle repeated”

e [ The story from the beginning ]:

The acetylcholine will be released from axon terminal and bind to the receptors in the end plate

This binding will open Na+ gated channel and start end plate potential

Once the Na+ is enough then the action potential start “one of its properties that it’s propagate / the action
potential to reach the inside muscle it need the T-tubule which transfer the action to the sarcoplasmic reticulum’
[The importance of T-tubule is to make the whole muscle contracted “deep contracted” ]

So it will reach the sarcoplasmic reticulum and open the Ca++ gated channel “the Ca++ here doesn’t need ATP”
because it’s from high to low concentration

Then the Ca++ will bind to actin so the active site will exposed and the myosin will come and bind to actin

And this cycle will complete , the muscle still contract until we remove the Ca++ by ATP

To complete the contraction we need stimulus every second to stimulate the action potential to release Ca++

’
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https://www.youtube.com/watch?v=8wa04qYsaps

LI PPER MOTOR NELIRONS RUN
LOWN THE CORTZICOSFPINAL
TRACT WHERE THEY SYNAPSE
WITH LOWER MOTOR NEWRONS
IN THE SPINAL CORD

Z comatane
THEE, BICEFPS, 70O
cownrracr?t

W rrPeErR Moror
NEwRON

LowER mMOoTOR
NEURON EXZITS
SPINAL CORDP

MuUSCLES ARE
BUNDLES OF
MUSCLE FITBERS

ACETYLCHOLINE ZTS

RELEASED A7 SYNAPSE

CNELUROMUSCLLAR

TJUNCTZTOND, CAUSING AN

ACTION POTENTZAL ZN THE

MUSCLE AND A TWZITCH.
Many TwWIZITCHES CALISE
A FLILL CONTRACTZION.

EAacH MUSCLE FITBER .
CONTAZINS CELLS cattere N\, 7~ £ EacH mMYOFITBRIL TS

MY OFIBRILS C : MAPE LUP OF SACROMERES
SEPARATED 8Y Z—LINES

T HAT DURING CONTRACTION
GET CLOSER AND CLOSER
TOGETHER

CauseD 8¥ mMyosznN
PULLING ON THE ACTIN




First,Acetylcholine is
released by motor nerve at
the motor end plate starting
an end plate potential.

which leads to depolarization of
the cell membrane of the muscle
(muscle Action Potential).

original position, & attached to another

The free myosin swings back to its
actin, & the cycle repeat its self

Then,Action potential will spread into the T
When a new ATP occupies the vacant site tubule causing the release of Ca+ from

on the myosin head, this triggers sarcoplasmic reticulum into the cytoplasm.

detachment of myosin from actin ) Eve nts ‘

4 N

ATP hydrolyzed and cross bridge go back to Of M U SC I e

. o . Afterwards, Ca+ combines with troponin
its original conformation.

\ p .
™ contraction =
Which at the end will break the linkage Then the troponin will pull
between actin & myosin as new ATP binds tropomyosin Sld.ewa)'s exposing the
to myosin cross bridge. active site on actin

Myosin heads with ATP on them will

That will lead to the release of ADP &P attach to the actin’s active site.

Then, the head of myosin cross bridges bend
pulling actin toward center of sarcomere in a
process called (Power stroke) using energy of ATP
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Muscle contraction

! 1-The EPP at the motor end-plate triggers a muscle AP \

2- Muscle AP spreads down inside the muscle through the Transverse Tubules ( T-tubules ) to reach the
Sarcoplasmic Reticulum.

|
1
|
1
|
1
3- In the SR “sarcoplasmic reticulum” the muscle AP opens calcium channels ( in the walls of the SR) !
calcium passively flows out ( by concentration gradient ) of the SR into muscle cytoplasm I
then Ca++ combines with Troponin !
1
|
1
|
1
|
1
)

4- The activated troponin pulls the inhibitory protein tropomyosin away from the myosin binding
sites on actin = and once these sites on Actin are exposed ( uncovered ) = myosin heads quickly bind
to them.

5- This binding activates the enzyme ATPase in the Myosin Head -> it breaks down ATP releasing
v energy > which is used in the “Power Stroke” to move the myosin head. /

o T o e e = e e e e
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The Cross-Bridge Cycle

To stop the cycle, we can remove;
Ach or Ca*?

(055 Bridge Cyde

( hlgh-ffmﬂ‘}
stalke g i—& PP No un*
A 0p
2"
Ca® present (exciration)

g}m (MgLt)

4. Detachment

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=Ct8AbZn_A8A&feature=youtu.be

Molecular Mechanism of Muscle Contraction

‘““Excitation — Contracting coupling”

‘axon of motor neuron @ Action potential generated

crosses cleft and binds to _in response to binding of

receptors/channels on - acetyicholine and subsequent

9 end plate potential is S @) Action potential triggers
e ~ Ca?+ release f

Caz+

0 Calcium ions
released from
lateral sacs bind

o troponin on
actin filaments;

~ tropomyosin

physically moved

aside to uncover
cross—bndge

: mdmg sites

= Tropdmyo§in  Troponin

The sequence of events that convert action potentials in a muscle to contraction is
known as Excitation — Contracting coupling mechanism.




Overview about the mechanism of

muscle Relaxation

___________________________________________________________________________________________________________________________

First we have to know that if : No calcium = No contraction
That means we need to remove calcium if we want the muscle to relax. How ?

To stop the cycle of contraction and start relaxation we need to detachment the Ca++ which bind to the troponin,
because with present of Ca++ the active site of actin exposed and the myosin already has energy and ready to bind .
[ No AP > relaxation “ssxdlS) 3ale Y d8la #Ua " ]

* Tropomyosin inhibit contraction "SI i Sl juay lie 4ilSa (o 428 5 0 "

*  Calcium will go back to Sarcoplasmic reticulum through calcium pump “from low to high” which requires energy

* Tropomyosin return to its original position
No calcium = No contraction , No AP = No Ca++ outflux , No excitation = No calcium

Contact us : Physiology435@gmail.com


https://www.youtube.com/watch?v=_9WL8x-pLMg

PHYSIOLOGY

TEA 135

It happens when Ca+ is pumped back
into sarcoplasmic reticulum

First, Ca+ detaches from troponin

which causes tropomyosin return to its
original position

Thus, covering active site on actin

Which prevents the attachment between actin
and myosin

Causing relaxation

Contact us : Physiology435@gmail.com
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T\PHYSIOLOGY Comparison

Muscle Fiber Contracted Muscle Fiber Relaxed

* There is cross-bridge binding * No cross-bridge binding
e Active site on Actin exposed * Active site on Actin covered
* There is a power stroke due * No power stroke because
to binding of actin with myosin. troponin-tropomyosin complex

covers the Actin’s active site

Contact us : Physiology435@gmail.com



( é) Tropomysin

Thin filament

~ Cross-bridge binding sites

Cross-sectional view

Actin — ' I
o Cross-bridge binding site .L. Relaxed I
Troponin Tropomyosin ' L
& Actin binding site

Myosin cross bridge

Muscle fiber excited; released Ca®*
binds with troponin, pulling troponin-

Muscle fiber relaxed; no cross-bridge tropomyosin complex aside to expose
b!nd!ng b_ecause the pross-pndge — - cross-bridge binding site; cross-bridgeg
binding site on actin is physically | ; | binding ‘oacLrs

covered by the troponin- , . Excited I

tropomyosin complex

Longitudinal view

Binding of actin and myosin cross
bridge triggers power stroke that pulls
thin filament inward during contraction (b)
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o Energized

ATP (Mg?)

@ Detachment

Fresh ATP available

No ATP (after death)

@ Rigor complex

@D ATP split by myosin ATPase; ADP and P,
remain attached to myosin; energy stored in
cross bridge.

v‘ SO @ No excitation; no Ca?®* released; actin

- d myosin prevented from binding;
@ Ca® released upon excitation; removes s i % 5
inhibitory influence from actin, enabling n:nfrﬁss:;r::gte Cycla; niuscin Hbar
it to bind with cross bridge. K ) =i

'

e Power stroke of cross bridge triggered upon
contact between myosin and actin; ADP and P,

released.
* IO @ If no fresh ATP available (after death).
actin and myosin remain bound in rigor
@ Linkage between actin and myosin broken as complex.
fresh molecule of ATP binds to myosin cross
bridge; cross bridge assumes original E FIGURE 8-13

conformation; ATP hydrolyzed
(cycle starts again at step 1).

Cross-bridge cycle
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\PHYSIOLOGY Summ ary

I. Muscle AP spreads through T-tubules

2. it reaches the sarcoplasmic reticulum where - opens its Ca++ channels > calcium diffuses out of the sarcoplasmic
reticulum into the cytoplasm - increased Ca++ concentration in the myofibrillar fluid.

3. Cat+ combines with Troponin, activating it .
4. Troponin pulls away Tropomyosin

5. This uncovers the active sites in Actin for Myosin

7. This causes cleavage (breakdown)of ATP and release of energy

8. This released energy that used to produce Power Stroke

9. Myosin and Actin slide upon each other - contraction

10. A new ATP comes and combines with the Myosin head - this causes detachment ( separation )of Myosin from Actin .

I1. Therefore, on order to release the head of Myosin from Actin , a new ATP is needed to come and combine with the head

i 6. Myosin combines with these sites. i
i of Myosin . i
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Important points

Rigor mortis : several hours after death, all muscles of the body do into a state of contracture called “rigor mortis”
! that means the muscles become contract and rigid. The rigidity results from loss of all ATP which is required to
| cause separation of the cross-bridges from the actin filaments during the relaxation process.

i “ﬁﬁyﬁjﬁﬂéﬂ\ ol e

____________________________________________________________________________________________________________________

ATP is needed for 3 things :

(2) Detachment of myosin from actin active sites

(1) Power stroke
(3) Pumping C++ back into the Sarcoplasmic reticulum

___________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________



Important points

* |-Band gets smaller (may disappear)
i« A-Band doesn’t change (not become smaller or bigger)

________________________________________________________________________________________________________

.+ In nerve = needed for exocytosis and release of Ach.
i+ In Muscle & needed for contraction .

________________________________________________________________________________________________________
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https://www.onlineexambuilder.com/physiology-muscle-contraction/exam-52430
https://www.onlineexambuilder.com/muscle-contraction/exam-52423

