TEMA 20. Teixit muscular. Histogenesi. Fibres musculars
plurinucleades esquelétiques. Estructura del sarcomer.
Unitat motora: unié neuromuscular. Mdscul cardiac.
Fibres de mdascul llis

* Contractilitat = propietat general de les cel-lules
---> organismes pluricel - lulars - c. musculars = motilitat

E. QUIMICA > E. MECANICA

ATP ADP

* Base estructural: miosina i actina

Funcions del teixit muscular
Moviment

Manteniment de postura
Escalfament




TEMA 20. Teixit muscular

Cel - lules musculars

M. cél-|. excitable, receptors per a neurotransmissors

Allargades = fibres musculars

Eix paral-lel a direcc. de moviment
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Tipus de teixit muscular
Mduscul llis
- Cel-l. uninucl., fusiformes
- Sistema nervios autonom
- Sense estriacions
Mdscul esquelétic
- Multinucl., nuclis en periferia
- Estriat
- Contraccio voluntaria
Musc. cardiac
- ., cel-l. allargades
i ramif.
- Nucli central
- Estriat
- Sist. propi de control
de contraccio
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Teixit musc. llis
Somatopleura ---> envolt. vasos sang.
* Mesenquima
Esplancnopleura ---> assoc. a teixit i visceres

* Cel'l. mioepitelials <--- ectoderma
- Iris
- Cel'l. mioepit. de gland.

Diferenciacié
* Allargament
* Miofilaments ---> mioblasts
* ---> Cell. musc. llises
* Cell. poc diferenciades (capacu’ra’r de pr'ollfer'acm)
* Assoc. a vasos producc. col-lagen i fibres elast.
* Formacid a partir de pericits en I'adult




TEMA 20. Teixit muscular

Teixit musc. esquelétic

* Origen mesodermic: somites
---> Mesenquima (llengua)

Hedaral Tube

Dorsal aorta
Latera mesaderm
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Teixit musc. esqueletic

* Somites ---> miotom ---> Mioblasts presuntius ---> c. satel-lit
n
Mioblasts vertaders
Fusiformes, uninucl., sense miofibril-les
Fusié
Miotubs
Fibres multinucl. (nuclis centrals)

* Diferenciacio

- Aparicié de microfibril-les

- Cel'l. satel-lit divid. (mioblasts)

---> Més nuclis i creixement en gruixaria
- Estriacio transversal

- Cel'l. satel-lits residuals ---> regeneracio
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Teixit musc. esquelétic

Committed Myotube Mature
Myoblast at Site M f‘bt
at Somite of Muscle i)
Uncommitted or at Site Formation
Cell of of Muscle '
Somite Formation

Proliferative
_Proliferative

cum Terminally
LEyclln n\ Differentiated

Terminally
Differentiated
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Teixit musc. esquelétic

* Diferenciacié

- Aparicié de microfibril-les

- Cel'l. satel-lit divid. (mioblasts)

---> Més nuclis i creixement en gruixaria
- Estriacié transversal

- Cel'l. satel lits residuals ---> regeneracio

Where do myonuclei come from?

F= Mot All
Myoblasts Fuse

Postnata] SATELLITE CELLS
B mononucleated

B can divide
B can Tuse o
myofibers
B source of newf

myonuclel ]
B present underf
basal lamina

{-”\-.

Easal tamind: Connective fissue
ghedth Secreted by myoTiber,
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Teixit musc. cardiac

- Mesoderma esplancnica
- Diferenciacio de cell. dillades
- Creix. per addicié de miofilaments

- Unié de cél'l. per discos intercalars

Smooth Muscle Cells
Length  20-50uM
Diameter 10-20uM

# Nuclei: 1

Karyokinesis

Cylokinesis

skeletal Muscle Cells

Length 1000-40000.M

Diameter 10-100uK

# Muoclei =35¢imM
ah-1400

Myoblasts

Karyokinesis .
Cytokinesis

Myofibers
Myoiubes

Myoblasts

Maturation

Cardiac Myocytes
Length 20-100uM
Diameter. 10-20uM

# Nuclei 1-12

Karyokinesis
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* Fibra (unitat d'organitzacio) ---> fascicle ---> mdscul

Kennoth & Saladin, ANATOMY AND PHYSIOLOG Y: THE LWITY OF FORM AND FUNCTION, Copyrght & 1968, The McGraw-Hill Companies, Inc. All rights resarved.

* Conjuntiu: Series-Elastic

- Fibra ---> endomisi - D,
- Fascicle ---> perimisi Components E::;ssteum

- Mdscul ---> epimisi

Tendon

Fascia

Skeletal
muscle

Perimysium
Epimysium

Fascicle

Endomysium
Muscle fiber

Kenneth Saladin

* Vasos penetren per epimisi i fan trama a perimisi.



TEMA 20. Teixit muscular

Estructura de les fibres

- 1-40 mm long. /10-100 um O

- Envoltades per lamina basal

- Miofibril-les ---> estriacid

- Sarcolema (MP) --->

---> distrofina (consist.)
Distrofia muscular de Ducheney
- Mitoc. = sarcosomes

- Mioglobina (02) --- marré

- Glicogen

- Reticle sarcoplasmatic = REL

- Miofibril-les

Cel-lules satel-lit

- Nucli + fosc

- Envoltades per = I. basal que fibra

I
¥ F— Gpib-IX
h

Filamin

(b) Muscle

Glycoprotein

i
’ -l‘—“_; complex

Drystrophin i i

(e} Epithelial cell

+—CFTR

1
EBF50 —-,_)

Ezrin dimer
b ;’

b
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Estructura de les fibres

Structure of a Muscle

Z disc

Mitochondria 8
e

Openings
s into
- .. transverse
> Sarcoplasmic 4 1 1o

reticulum

Triad
Terminal cisternae

| Transverse tubule
y\Sarcnlemma
Sarcoplasm
Myofibrils
Kenneth Saladin
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Estructura del sarcomer
Miofibril-les

Estriacions transversals

---> bandes

- Fosques (anisotrop.) - bandes A
- Clares (isotrop.) - bandes I
Banda I div. per Z (disc Z)
Sarcomer = unitat funcional
entre dues linies Z

Banda H en centre de banda A
Banda M, fosca en banda H
Longitud de bandes segons
contraccio

I curtes en contraccié/
llarges en estiram.

A long. constant

Benjamin Cummings
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Estructura del sarcomer
Miofibril-les
Estriacions transversals

- Clares (isotrop.) - bandes I
Longitud de bandes segons
contraccié

I curtes en contraccio/
llarges en estiram.

A long. constant

Banda I div. per Z (disc Z)
Sarcomer = unitat funcional
entre dues linies Z

Banda H en centre de banda A
Banda M, fosca en banda H

Sarcomere

r'u'1 Iin e

T

H zone

Light | band Dark A band Light | band

m Thick filament
e —— Thin filament

Elastic filament (titin)

Sarcomere
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Estructura del sarcomer
Miofibril-les

Estriacions transversals

---> bandes

- Fosques (anisotrop.) - bandes A
- Clares (isotrop.) - bandes I
Longitud de bandes segons
contraccié

I curtes en contraccio/
llarges en estiram.

A long. constant

Banda I div. per Z (disc Z)
Sarcomer = unitat funcional
entre dues linies Z

Banda H en centre de banda A
Banda M, fosca en banda H

2 Earc::lmeres

e
a7 L

I hgnd A hand

Partially contracted

e e = s—————

M e —————

Maximally contracted
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Estructura del sarcomer
Miofilaments s
- Actina 7 nm
- Miosina 14 nm oy
- Tropomiosina assoc. a actina S
- A ---> Z = titina A ———
_ Al disc Z __.__..I

Actinina a Z disc M line

Zeugmatina T

Filamina (unio a actina) Light | band Dark A band Light | band
- Citosquelet que suporta miofibril-les

- Banda M ---> miomesina P Thick filament

Thin filament

Elastic filament (titin)

Sarcomere
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Estructura del sarcomer
Miofilaments

(a) Relaxed siate

SR T
- r L
R 1

B o
L

ib) Contracted state

Benjamin Cummings
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Estructura del sarcomer
Miofilaments

Thick filament

Myosin heads
(Cross bridges)

actin molecule
lropomyosin

Tropanin / Myosin-binding site

o

. .s
é‘:-f

Alberts et al. MBC 4a ed.
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Reticle sarcoplasmatic
- Acumulacié de Ca**

- REL

- Sarcotubuls

- Cisternes terminals transversals (X2)

- Tubul transversal (T) (I. Z2)

- Reticle de la unié (cister. transv)
---> propietats espec.

---> pot. d'accié

- Llum de cistern. ---> calcicuestrina

/—Sarcoprasmic reticulum -
/ Lateral cisternae
Triad
_,_,-—T Tubule

/

External
lamina

= ¢
Sarcolemma Y oY
'

Mitochondria
Sarcoplasm
=

, \
T Tubular system / l"-\

s g

—— Actin filament (I band)
Z line

Figure 11. Schematic of the ultrastructure of an individual muscle cell.
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Procés cel:lular de la contraccio

- Placa neuromuscular ---> excit. nerv.
---> despolaritzacié del sarcolema (pot. d'accid)

- Sist. de tdbuls T ---> conduccié de l'impuls nerv.

- Impuls nervids a triades ---> obert. de canals Ca*
(cisternes term.)

- Alliberament de Ca** a sarcoplasma ---> contraccié

- Recapt. de Ca* en r. sarc. (ATPasa de Ca*)
---> relax.

- Procés simultani a tots els sarcomers (tub. T)
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Procés cel:lular de la contraccio

RESTING NEURCMUSCLULAR JUNCTION ACTIWVATED NEUROMUSCULAR JUNCTION

nerva
VOLTAGE-GATED | - narve terminal irrspel e
Ca®* CHANNEL g

- acetylcholine

ACETYLCHOLINE-

GATED CATICH
CHANMEL VOLTAGE-GATED

VOLTAGE-GATED fﬁkﬂj &

Ca®* CHANNEL

Ma' CHAMMNEL

‘-

i

_ GATED Ca®*
sarcoplasmic  muscle RELEASE CHANNEL
it el U plasma

mEmibrans

Alberts et al. MBC 4a ed.
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Procés cel:lular de la contraccio

voliage sensitive protein

polarized
T-tubula
mambrang

CYTOSL

sarGoplasemic [
retecul um
s brani 5 O L

A3 9 g O 0o
a®* release channal -l o

G s?ooa o™

FiH A E]§]
patential

|:l||'l-'i.l11|'l T PRI i i \.\_\_\_\-‘-‘H

miyofibril —— P

Ca " ralense
channals

Iransysrss (Th

Tk les Tormed

fram inwaginations
of plasmia membranes

sarcoplasmic
riticulum

dapolanzed T-1ubiule msmmbeang

Alberts et al. MBC 4a ed.
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Procés cel:lular de la contraccio

myyosin-hinding site axposad
by Ca™-madiated trapoamyssin

IFGgeaIn troparmyosin blocking B —
WS T TN

complox Ef Oy O S0 miyasin-hinding sqa

1T

Alberts et al. MBC 4a ed.
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Unitat motora: unido neuromuscular
- Lloc d'unid nervi-muscul: unio neuromuscular

- Motoneurones ---> plaques motores

- Ax6 miel. - perdua de miel. - boté axonic (aplanat)
Mitocondris i vesic. sinapt. (ACh)
Fenedura sinaptica
Plecs postsinaptics (fened. secundaries)

- Estimulac. --> allib. Ach --> fenedura --> unié a rec. ACh
--> despolaritz. sarcolema --> tdbuls T --> ..

- Unitat motora = neurona motora + fibres innervades
moviments toscos --> 1 moton. - diverses fibres
moviments fins --> 1 moton. - 1 fibra




Unitat motora: unio neuromuscular
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TEMA 20. Teixit muscular

Tipus de cel-lules musculars esqueléetiques
- Peixos --> blanques (moviments rapids)

- Tetrapodes --> roges (moviments lents, postura)
* Nervi determina tipus de fibra

Red Versus White Muscle

m Red Muscle (aerobic)

— Lots of Blood Flow and
Oxygen, uses Mitochondria

— Slow contraction with low
rate of fatigue

m White Muscle (anaerobic)

— Hardly any Blood Flow or
Oxygen, but [oads
of Creatine
Phosphate

— Fast contraction
with high rate of fatigue
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- Cél-lules separades (miocits cardiacs)

- Unides per discos intercalars

- Nucli central . U R

- Contraccio del cor = MTOGENA i B . Cardiac
- Estriat ---> miofibril-les en sarcomers B gl musde

Msgnificatione 27 000<

Cardiac muscle fibers, which
are also under involuntary
control, appear striated or
striped when magnified.
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£ dise \/—.-.'er:alated disc
CELL 2

mitochondria

Alberts et al. MBC 4a ed.
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Ultraestructura

- Abséncia de separacid entre
miofibril-les

- + mitoc. i + glicogen que esq.
- Tdbuls T en discos Z

| ho en unions A-T:

Es ramifiquen per citopl.:
Sist. tub. transvers. (TATS)

- DIADES

(no cisterna transversal)

'lll

Figlire 25._Schematic showing Jocation@fussyT
~“F-tubules ard sarcoplasmic retit L.

in cardiac muscle. Compare with

skeletal muscle.
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Discos intercalars
- Plecs del sarcolema que formen
interdigitacions amb especialitz. de M.
- Especialitzacions:
Desmosomes
+- unions de fissura
+- z. adherens (fascia adherens
GAP (Z. longitud.: acobl.)
- 2 lamines denses: unié dels extrems
de miofil. a sarcolema
o actinina
vinculina
- En la fenedura:
Pacoglobina
A-CAM
- Discos ---> acoblament étric
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Distribucié . . Smooth Muscle Arrangement in the Gut
- Paret de sist. dl9 Gk by In the intestine smooth

atermsalh muec e

- Gland. de sist. dlg g - musele forms two distinet
-P assaTges resp ALY S layers, one running along,

L the other running around the
- Vasos Sang. _ organ. Together these layers
' W cause wavelike peristalsis
which propels the contents.

a) Cel-l. aillades

The circular layer runs around the

E) Agrup.ades en fGS\C|.C|eS miertine and its coniraction rauses
Diversitat morfologica AR sogm siitation

The longitud inal layer runs albng
the intestine; it causes wave- like
contractions.
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Distribucio

- Paret de sist. dig.
- Gland. de sist. dig.
- Passatges resp.

- Vasos sang.

a) Cel'l. aillades
b) Agrupades en fascicles
* Diversitat morfologica
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Ultraestructura
- Cel'l. fusiformes, nucli allargat
- Principals organuls als cons
- Nucli dnic i central
Cromatina en granuls perif.
2-5 nucleols
Es plega en contraccié
- Reticle sarcoplasmatic
- Caveoles (vesicules de pinocitosi)
- Plaques electrodenses (vinculina): baix de MP
--> Inserci6 d'actina a MP
Zones citoplasm. denses (alfa-actinina)
--> Xarxa d'actina
- Microfilaments: actina
- Filaments gruixuts: miosina
- Filaments mitjans: vimentina + desmina
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Histofisiologia
- Diferent de musc. esq.
- Contracc. + lenta pero + temps
* Mdscul llis visceral o unitari
Ritme automatic
Cell. acoblades eléctricament i sincronitzades
Ones de peristalsi
* Mdscul llis multiunitari
Arteries, iris, etc.
Innerv. individual
To muscular (contracc.) <-- modul. hormones
* Innervac. --> sist. nervios autonom




ta) Skeletal muscle

Myaofiber imuscle cell)

ib) Smooth muscle

Muscle cell
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