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Muscle tissue

-composed of elongated elements whose
basic property Is contractility

*muscle elements exhibit intercellular
contacts

«amount of extracellular matrix is relatively
small

Conftraction = interaction of myofilaments
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Striated skeletal muscle
|

Epimysium Epimysium

Perimysium
Endomysium

~—Muscle fiber
') in middle of
a fascicle

Blood vessel

Perimysium
wrapping a fascicle

Endomysium
(between individual
muscle fibers)

Fascicle

= Perimysium
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Striated skeletal muscle

The basic unite is a muscle fiber = multinucleated syncytium
Various lenght, diameter 10 to 100 um

Eosinphilic sarcoplasm
Cross-striation in LM

Nuclei are located beneath
the sarcolemma
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Striated skeletal muscle

Cytoskeletal funtional and structural subunite = myofibril (Q 1-2 um)

Muscle fiber is filled with longitudinally arrayed myofibrils

Each myofibril is composed of myofilaments

Muscle fiber




Myofibril and Sarcomere

Sarcomere is the functional unite of myofibril

Thin filament Thick filament

--—
Myofibril




Organization of skeletal muscle

Cytoskeleton components of Cross Thin  Thick
myofibril

bridge filament filament

M line Z line A band | band
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Cross bridges







N = nuclei of m§&el
* = empty capill
arrows = erythr
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Other components of muscle fiber

Numerous mitochondria - ATP

Prominent sarcoplasmic reticulum - repeating series of network
around myofibrils = fransverse tubular system

Sarcoplasmic T tubule
T tubule reticulum Mitochondnon " Sargolemma
Terminal cisternae
(.I.”Od) , Myofibril
Myoglobin

— oxygen binding protein

Glycogen inclusions
- anaerobic glycolysis




Muscle fiber
= Myofibril

Myosin molecule
|

— Heads
~+— Actin-binding site
— ATP-and ATPase-binding site

Tropomyosin Troponin Ca?*-binding site

G-actin F-actin Myosin-binding site




Disassembled components of the thin filament

Actin monomers

Tropomyosin Troponin

Myosin-binding part the filament Tl

Assembled thin filament l Switch part of Troponin subunits
of the filament




Light chain 1 Light chain 2

Myosin |l e 122

Tail (heavy chain)(130 nm) Globular
—_— head

2nm Coiled coil of
two a-helices

C-terminus Hinge regions N-terminus



Actin thin  Myosin thick
filament filament

Stretch




Muscle sheefts

perimysium

capillary ™Y




contraction of myofibrils must be transmitted
to sarcolemma and endomysium

peripheral myofibrils are attached to sarcolemma at Z-line
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Types of skeletal muscle fibers

Type | fibers = slow oxidative fibers

Type lla = fast oxidative glycolytic

Type lIb = fast glycolytic






Regeneration

. -

*  Myogenic precursors of muscle
cell

« Activated after muscle injury,

reenter the cell cycle and

proliferateto give rise to a new

myoblasts

Myotubes mature into new @-




Neuromuscular junction and
contraction

hitps://www.youtube.com/watch?v=sZuy356gkPM
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Cardiac muscle

Cardiomyocytes — cylindrical cells arranged end to end

Interacalated discs = specialized attachment sites between
adjacent cells

Nucleus lies in the center of cell

Large mitochondria and glycogen stores

Spontaneous rythmic contraction |
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nebulette

sarcomere






Sarcoplasmic reticulum

Single network extending
between two adjacent Z-lines

Terminal cisternae form diad
with T fubules at the level of Z-
line
















Desmosome Fascia Adherens

Gap Junction
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Regeneration




Smooth muscle

Elongated fusiform cells with
nuclei located in the centre

Gap junctions

Dense bodies — cytoplasmic
densities

smooth muscle cells

Network of intermediate : B .
cut in longitudinal section

filaments — desmin (and vimentin)

\smqoth muscle cells
cutiin cross section

NO MYOFIBRILS e A




ATRTRNE h" Y
...?,J.MM







v




: mﬂ\’n
; -~

-




Dense bodies and contractile network

Thin myofilaments are anchored into dense bodies

Intracellular network of anchoring points is joined to
Intermediate desmin filaments

Thin myofilaments have no troponin complex

mechanical

& coupling
- — 5 / «—dense body|

m/ ¢ gap junction

thick/thin

filaments - '\ -

intermediate
filament

— actin (thin)

myosin (thick)







Contraction

Nucleus Dense bodies

Contracted



Structure of Smooth Muscle

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

Thick filament
Thin filament

Dense bodies

Intermediate
filament

Actin (thin filament)
Myosin head

- Myosin (thick filament)

oo Actin (thin filament)



Thick flaments — myosin |l

In the resting state the acftin-binding site is inactivated, myosin Il is
folded

After the phosphorylation by myosin light chaine kinase, actin-
binding site of the myosin head is activated and binds to actin. In
the presence of ATP, the myosin head bends and produces a
confraction.

myosin light chains actin-binding site

SPONTANEQUS
SELF-ASSEMELY hipolar filament
of 15-20 molecules

myosin tail released

INACTIVE STATE:
{light chain not phospharylated)

ACTIVE STATE:
(light chain phosphorylated)




Caveolae

Specialized invaginations of sarkolemma

Role in the entry of Ca, ions info the cell

Secreted
caveolin-1

Caveolin
oligomers

Noncaveolar
caveolin-1

Caveolin-1

Acylated
protein

PTRF

Cytoskeleton




Organelles

Well-develped smooth endoplasmic reticulum

None T tubules!

Well-developed rER and GA —
production od connective tissue matrix

O O/Caz+

voltage-sensitive
Ca?* channels
+ + + + +  camodulin inactive (folded) smooth

gated Ca®"-release ;
muscle myosin

channels
myosin light chain

hormone
phosphatase

Ca2*—calmodulin Caveolae

/ complex
receptor 7 ATP\

>' ) actin-binding sites
w active

Regulation of smooth muscle N MLCK myosin light chains 3
myosin activity S reticulum

Sarcoplasmic

—= phosphorylation R ‘
- MLCK active (unfolded) smooth
- dpIiERIy ation (myosin light chain kinase) muscle myosin



Contractile non-muscle elements
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Mechanism of muscle contraction
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Calcium

° :
° 4 Actino

Power

- stroke

Crossbridge

Thick filament «1:

ADP and P,
released

(a-b)

o Actin
Thin gﬂ:‘.‘.’( : .‘V ', «
filament ’ gl e 0lgte
ATP attaches == Calcium binding _
to myosin and Myosin head ]7 Cocking of
myosin head myosin head
detaches

Thick
filament

(d) (e)



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

1) ATP available and bound to myosin, Ca?* not
available — resting state

2) splitting ATP to ADP and Pi without release of
splitting products, Ca?*available, Tnl unlocks
binding site and myosin binds to actin (actin is
required as a co-factor for release of splitting
products)

3) released energy pushes lever arms by nearly 7 nm

4) binding new ATP to myosin weakens actin-myosin
bridge, the cycle repeats until Ca%* is available

RIGOR MORTIS: ATP not available, Ca?* available -
myosin heads remain linked to actin
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(motor endv p,l. -

Requlation of muscle contraction
Skeletal muscle
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distance of membranes 16 nm
vzdalenost membran 16 nm

terminal cisterna of SR
containing
calmodulin

calsequestrin % Ryanodine receptor

Ca 2+ _’ ryanodinovy receptor

Spanning protein

terminalni cisterna SR
obsahujici

kalmodulin
kalsekvestrin

preklenujici protein

cytoplasm
cytoplasma

membrane of sarcoplasmic reticulum
membrana sarkoplasmatického retikula

sarcoplasmic Ca 2

sarkoplasmaticka C

| depolarization
depolarizace

membrane of T-tubule

membrana T-tubulu

Ca2+ transportation
controlled by the

mechanically gated
ryanodine receptor

extracellular space
extracelularni prostor



Car d I aC m U S C I e Extracellular fluid (ECF)

1 Ca**

Contractile or Contractile Plasma

autorhythmic cell cell membrane T tubtile Ca?

j' ATP

@

Depolarizing
current

Gap junction

\ Sarcoplasmic
(D Current spreads reticulum (SR)
through gap junctions

to contractile cell

@ Action potentials travel
along plasma membrane
and T tubules

(3) Ca?* channels open
in plasma membrane
and SR

(@) ca?* induces Ca®*
release from SR

(5) Ca?* binds to
troponin, exposing
myosin-binding sites

@ Crossbridge cycle begins
(muscle fiber contracts)

(@) ca* is actively
transported back
into the SR and ECF

Tropomyosin blocks e .
myosin-binding sites
(muscle fiber relaxes)

Intracellular fluid (ICF)
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transport of
Ca?*is
controlled
by the
Ca®*-gated
ryanodine
receptor

calstabin 2
closes
the channel

Ca?* “leak*
causes

an abnormal
contraction
(arrhythmia)

terminal cisterna of SR
containing

calmodulin
calsequestrin

Ca 2+

terminalni cisterna SR
obsahujici

kalmodulin
kalsekvestrin

membrane of sarcoplasmic reticulum
membrana sarkoplasmatického retikula

sarcoplasmic Ca 2+
sarkoplasmaticka't

depolarization
depolarizace

extracellular space
extracelularni prostor

Ryanodine receptor
x
ryanodinovy receptor

cytoplasm
cytoplasma

membrane of T-tubule
membrana T-tubulu

phospholamban (when dephosphorylated, inhibits SERCA 2)

fosfolamban (po defosforylaci inhibuje SERCA 2)




voltage-sensitive
Ca2* channels @ o

inactive (folded) smooth

gated Ca®*-release :
muscle myosin

channels

myosin light chain

hormone
phosphatase

receptor

actin-binding sites

active
MLCK

Regulation of smooth muscle myosin light chains

myosin activity

—=p phosphorylation
Sl sl MLCK active (unfolded) smooth

—=p dephosphorylation (myosin light chain kinase) muscle myosin




Ca-calmodulin complex cAMP

myosin light chains\ / N\

PHOSPHORYLATION

BY MLCK

\. (myosin light-chain kinase)

INACTIVE STATE:
(light chains not phosphorylated)

|{— myosin tail released

Contraction of smooth muscle and non-muscle cells

actin-binding site

l///

F s
-

SPONTANEOUS

SELF-ASSEMBLY Bipolar thick myofilament
(vascular muscle + non-muscle cells)

ACTIVE STATE:
(light chains phosphorylated)




Nucleus Dense bodies

Contracted




Thank you for your attention

Come on, Muscle!
| know you're there!

Nope, it's just
me: FAT!

NOT FUNNY
YOU TwO!
Show yourself
this instant!

@theAwkwardYeti



