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Miesien i tkanki fgczne

Tkanka tgczna

wtasciwa zbita o
Tkanka tgczna utkaniu

wtasciwa zbita 0 pjeregularnym Fascicle Sarcolemma

utkaniu
nieregularnym @ Muscle fiber (cell)

Tendon

Myofibril

Motor
neuron

@ Blood capillary

Tkanka tgczna wtasciwa
luzna (siateczkowa)

Deep fascia

Blood vessels



(a) Photomicrograph of portions

of two isolated muscle
fibers (700x). Notice the
obvious striations
(alternating dark and light
bands).

(b) Diagram of part of a
muscle fiber showing
the myofibrils. One
myofibril extends from
the cut end of the fiber.

(c) Small part of one
myofibril enlarged to
show the myofilaments
responsible for the
banding pattern. Each
sarcomere extends from
one Z disc to the next.

(d) Enlargement of one
sarcomere (sectioned
lengthwise). Notice the
myosin heads on the thick
filaments.

(e) Cross-sectional view of a
sarcomere cut through in
different locations.

MIOWLOKNO = WLOKNO MIESNIOWE
= KOMORKA MIESNIA
SZKIELETOWEGO
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POLIKARIOCYTY

Dark A band Light | band Nucleus

Thin(actin)  r====-cccccenennnnnnnnnccccccccccccaaas
filament .~

Miofibryla— szereg sarkomeréw

Thick (myosin)

T T T
d | band A band | band
filament ]

|<«——— Sarcomere ———>|

SARKOMER — PODSTAWOWA

JEDNOSTKA SKURCZOWA

Thin (actin)
filament
Elastic (titin)
filaments

Thick
(myosin)
filament

MIOFILAMENTY — CIENKIE (aktyna)

Myosin
filament
Actin
filament

GRUBE(miozyna)

| band

H zone M line Outer edge of A band
thin filaments thick filaments thick filaments linked thick and thin
only only by accessory proteins filaments overlap



Budowa wtdkienka miesniowego i
sarkomerow

Muscle cell
ifiber)

b Thin filarment
z Acting

Z disc Hzone Zdisc

£
Myofibril {

Thin (actin) filament

Thick (myosin)
filament

| [
| 1 |
(b) Myofibril or fibril I balnd A band | band M line

(complex organelle : =
composed of bundles
of myofilaments)

Copyright © 2009 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Nucleus Muscle fiber

Mitochondrion

Sarcolemma

Dark A band

Sarcoplasmic Sarcomere
reticulum !

Thin (actin) | |
filament Z disc H zone Z disc

Thick (myosin)
filament

Actin (thin filament)

Myosin (thick filament)






THIN - actin filaments

G actin F-aktyna jest polimerem
globularnych G aktyn

F actin

P binding site

Tropomyosin

Cross-bridge
binding sites
for myosin



TROPONIN - function

Troponina T (TnT) — wigze sie z tropomiozyna
Troponina C (TnC) — ma powinowactwo do jondw wapnia

Troponina | (Tnl) — zapobiega wigzaniu sie aktyny z miozyna
The troponin complex: ]

Troponin complex

(a) Myosin-binding sites blocked f \
Q P Actin Troeomzosin
e © Q @ _ca*
. |37
° @
Myosin- o @ @ ) ) )
binding site Jony wapnia po zwigzaniu z TnC

inicjujg zmiany konformacyjne w
tropomiozynie

(b) Myosin-binding sites exposed



THIN - actin filaments

(@ @@@@

ON&XS

Actin molecules

Binding site for
attachment with myosin
cross bridge

Troponin

F aktyna — dwa tancuchy skrecone

spiralnie

Troponiny — trzy globularne biatka

Tropomiozyna w rozkurczu lezy powyzej
spiralnego rowka filamentu aktynowego —

maskowanie miejsc wigzania z miozyng



Light

THICK - myosin filaments Aot chains

ATPase site {L1+Lz2)

\ | ATP
‘v .

Heavy receptor
; L Light meromyosin
2 tancuchy ciezkie meromyosin (HMM)
2 taficuchy lekki S S
ancuchny Iekkie ' B (Globular)

S-2
\ (Rod-like) »

g
Heavy chains

Ny Bl tancuch lekki wiasciwy

M, Fequistory Light Chaing

tancuch lekki regulatorowy

Kinaza lekkich tancuchéw miozyny

Myosin Filament



Structure and Arrangement of Myosin Molecules
Within Thick Filament

Actin-binding site
Myosin ATPase site

Heads

L}
|V
L

Cross bridges

(a) Myosin molecule
Myosin molecules

QAo T
/—/———‘:—{—_\

(b) Thick filament

ESSoos S S=SSS




Sarcomere
' Myomesin

H zone )
C-protein
Creatine kinase

1 I 1
Lighter | band Darker A band Lighter | band

Portion of a Portion of a

thick filament thin filament
I l

| Troponin Actin  Tropomyosin I

Actin-binding sites

Binding site Actin subunits
for myosin

ATP-binding site

Tail Heads

Myosin molecule Flexible hinge region



Muscle Epimysium

Muscle fasciculus
bounded by perimysium

Muscle fibre surrounded
by endomysium

&

Capillary

Sacroplasmic

reticulum
(terminal Nuct fea
cisternae) ucleus Sacrolemma 7 disk ) Gfeglnn
|
Actin thin e
filament

Myaosin

Myosin
crossbridge

thick
H zone filament

okoto 10 000 sarkomerdéw tworzy miofibryle



Sarkomer

A band
H band

nebulin i =ne

R e —

.-
-

desmin protein C M line proteins

dystrophin (MyBP C) (myomesin, M-protein,
obscurin)

sarcolemma

ankyrin ’ sarcoglycans A b

dystroglycans



. ~Troponin T Myosin bindin
Troponin | Troponin C Tropomyosin P? protein C 2
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C-zone ;| D A/
I | I
Myopaliadin M-protein  Calmodulin Tropomyosin
: T ;
CARP Myosin Myomesin MURE-1 roponins
? 0 e R

<

e

S J

Novex-3 AM P'@

Obscurin deaminase

MM-creatine
kinase

Tropomodulin

B-enolase

Kinaza kreatynowa (fosfokreatynowa) — przemiany energetyczne komarki
Fosforylacja kreatyny (kwas 68-metyloguanidynooctowy) = kreatyna + ATP

; ™ e " v ~ ()
SRR ORI oD "ﬁ’?‘?"wm’"'fm' ~-"3 A
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MyBP-C  Nebulin

Actin
Filament

Czapeczka Z
Konce plus
Regulacja wzrostu
filamentow
aktynowych
Koniec +




Sarcolemma

Sarcoplasmic
reticulum

T-tubule

Triad

Kanalik T i dwa zbiorniki siateczki sSrodplazmatycznej — przeniesienie potencjatu
czynnosSciowego. Otwarcie kanatow dla jonow wapnia.




Part of a skeletal | band A band | band
muscle fiber (cell) |
| Z disc H zone Z disc
M
line

___Sarcolemma

—Triad

\ T tubule
Terminal
cistern

of the
sarcoplasmic
reticulum (2)

Sarcolemma

sarcoplasmic
reticulum

Myofibrils
Mitochondria

TR|ADA © 2011 Pearson Education, Inc.
- Umozliwia rozprzestrzenianie sie fali

depolaryzacji do wnetrza komarki

miesniowe;j



, Surface membrane
Triad of muscle fibre

T tubule

R Myofibrils

.........

Lateral
sacs




The Neuromuscular Junction

Myelinated axon
of motor neuron

Action
potential

Axon terminal

Sarcolemma
of the
muscle fiber

Nucleus
(a)

Axon terminal

Axonal terminal of
a motor neuron

Mitochondrion
Synaptic cleft
T tubule

Junctional
folds of the
sarcolemma
at motor end ~—

plate

I/'-
Partof a el Sl
.
myofibril e § p O

Copyngh! © 2004 Pearson Education, Inc . publishing as Benjamm Cummngs.







MNeuromuscular—
junction

—— Synaptic knob

Sarcolemma

Myofibril

Source: Mescher AL: Jungueira’s Basic Histology: Text and Atlas,
12th Edition: http i/ www.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved.

(@) A nerve impulse triggers release
of ACh from the synaptic knob into
the synaptic cleft. ACh binds to
ACh receptors in the motor end
plate of the neuromuscular
junction, initiating a muscle
impulse in the sarcolemma of the
muscle fiber.

(2) As the muscle impulse spreads
quickly from the sarcolemma
along T-tubules, calcium ions are
released from terminal cisternae
into the sarcoplasm.






ACTION POTENTIAL CAUSES RELEASE OF CALCIUMFROM SR

Cell Membrane

Ryanodine Receptor

1
|

SR Ca?* ATPase L — I Dihydropyridine Receptor

‘ ‘ . Calcium

Sarcoplasmic
Reticulum

T -Tubule




(a) Axon terminal of
somatic motor neuron Somatic motor neuron
Muscle fiber releases ACh at neuro-
[ muscular junction.
\ 9) Action potential —
Net entry of Na*
through ACh receptor-
T-tubule channel initjat&s a
N Sarcoplasmic reticulum muscle action potential.
N
Tropomyosin
\g Troponin Z isk
. : = - Actin  //
M line




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

Relaxed
muscle:
tropomyosin
blocks the
binding site

Contracting
muscle:
myosin
head binds
to actin

Troponin P;
Binding "
site
Cross
bridge
Myosin

@
=@ £y

/ ADP

= @

- Tropomiozyna maskuje miejsca
wigzania miozyny na czgsteczce G
aktyny

- Zwigzanie jondw wapnia przez

troponine C indukuje przesuniecie

tropomiozyny — odstoniecie miejsc

wigzania i wigzanie miozyny z

aktyna



ADP i Pi pozostajg zwigzane z
gtowka miozyny.

Gtéwka miozyny

hydrolizuje ATP do Gtéwki miozyny

Kev: ADP i Pi. wigzg sie do aktyny
ey: i tworzg mostki
Q = Ca2+ poprzeczne.

Uwolnienie Pi
wzmachia wigzanie

Jony wapnia, ATP, kinaza tarnicuchdéw
lekkich miozyny

Wigzanie ATP z gtéwka \

miozyny. Gtowka nie
jest zwigzana z aktyng
* Uwolnienie ADP. Wigzanie aktyny i
miozyny silniejsze, co powoduje
zmiane pozycji gtowki i
przesuniecie filamentu
aktynowego wzgledem
miozynowego o 5nm
(mikroskurcz)

Gtéwki miozyny bez ATP (mostek
poprzeczny)
rigor mortis



STEP 1: Cross Bridge Formation




(1) Acetylcholine (ACh) is released from the
axon terminal of a motor neuron and binds
\ to receptors in the motor end plate. This binding
elicits an end-plate potential, which triggers an

X action potential in the muscle cell.
\ Neuromuscular junction
Sarcolemma

ACh [ . :

(2 Action potential
propagates along the T tubule
sarcolemma and down
T tubules Sarcoplasmic

Motor end plate reticulum (SR)

(6) ca?* is actively ACh
transported back receptors Q &
into lumen of SR o 0o ol
following the o la
action potential 00 -

(7) Tropomyosin blocks
myosin-binding sites

(muscle fiber relaxes) @ The action potential

triggers Ca** release
from SR

(@) ca* binds to troponin,
exposing myosin-binding sites

@ Crossbridge cycle begins
(muscle fiber contracts)

© 2011 Pearson Education, Inc.



An action potential arrives at
neuromuscular junction

ACh is released, binds to
receptors, and opens sodium
ion channels, leading to an
action potential in sarcolemma

Action potential travels along
the T-tubules

o %05 0 ©
H o o o

Calcium —==20,,  °

°°°°Oo o

Troponin

L

WRRE
1 !l’

ol e

Ir!I|’|‘x'|'.l :
Thick and thin filament interaction RAAARRAR \

i | I | ]: i| =I i' " !‘. Z:
leads to muscle contracton Y .
: [ :} li -,l '1‘ I ']: 1‘. ,". | ".

I lll||||'|'l"=lx

U['lil'l!','xu

Muscle shortens and
produces tension




n Exposed binding sites on actin allow the muscle
contraction cycle to occur

Contraction

I ATP splits, which ~ / 1 Cross-bridge
provides power to A N binds actinto |
“cock” the myosin A\ myosin ,_{;}"
cross-bridge A '

n New ATP binds to myosin, causing linkage to B Cross-bridge pulls actin filament (power stroke),
release ADP and released from myosin



Costamere

Laminin o2

o/B
Dystroglycans

Sarcoglycans

Sarcolemma

Talin
Vinculin

Dystrophin

Desmin J a-actinin

Z-line M-line Z-line
4 » PINCH
Biatka podbtonowe, obwodowo zlokalizowane na wysokosci prazka Z ® Kindiin

Schematic representation of proteins forming costamere in skeletal muscle

Expert Reviews in Molecular Medicine © 2015 Cambridge University Press




Joumal of

Cell Science The Dystrophin-Associated Protein Complex

Jeffrey Enmsen, Ellen Poon and Kay Davies —

Disord iated with
in various members of the DAPC

Dystrophin
* Duch ¥ Lot 4
* Becker muscular dystrophy

* mdx (mouse)

Dystroglycans
* no known human mutations
+ embryonic lethal in mouse

-~ /\/‘\/\/\\/\'. s o

Sarcoglycans

* a-SG: LGMD2D

* B-SG: LGMD2E

* +-SG: LGMD2C

* 5-SG: LGMD2F

* £-SG: myoclonus-dystonia
. phy for all SG knock

Sarcospan ’ A A : 2
* no known human mutations P S s sssassasssssssss
* no apparent dystrophy in mouse knockout

Dystrobrevins e s S N ;
. in mouse knockout despite ‘ )

maintenance of DAPC

Caveolin-3
Syntrophins
* no known human mutations
* no apparent dystrophy in a1-syntrophin-knockout mice,
though postsynaptic membrane is abnormal

Syncoilin
lated in a

of lar dystrophi

upiey

nNOS
* no apparent dystrophy in mouse knockout

Laminin-2

* a chain: MDC1A (human)

« « chain: dy (mouse)
Caveolin-3

* LGMD-1C (human)

* myopathy (mouse knockout)

® Journal of Cell Science 2002 (115, pp. 2801-2803)
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Long Distance 400m / 800m Short Sprints
Type 1 Type 2A Type 2B
Slow twitch Fast twitch oxydative Fast twitch glycolytic

Low — High

Fatigue rate
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TKANKA MIESNIOWA POPRZECZNIE PRAZKOWANA
SERCA

komorka miesnia poprzecznie prgzkowanego serca = kardiomiocyt
- otoczona btong podstawng
- jedno do 2 jgder, rozmieszczenie centralne
- poprzeczne prazkowanie
- diady
miejsce styku dwoch komorek = wstawka

wiokno
miesniowe

wstawka

jadro

prazkowanie




Cardiac
muscle cell

Mitochondrion

Intercalated T ——
disc e e p——— , e - —— S e

Mitochondrion

Sarcoplasmic
reticulum

Nucleus J
' | Il Il |
Sarcolemma Iband | Iband

(b)

Copynght®2010 Pearson Education, Inc.

Figure 18.11b



Intercalated
discs

Intercalated Mitochondrion
disc
Iband A band Sarcoplasmic
| reticulum

Nucleus

Sarcolemma

Cardiac

muscle

cells
Intercalated
disc

Sarcolemma

Mitochondrion

Cardiac muscle
cell

Copynght @ 2004 Pearson Education, Inc., publishing as Benjamin Cummings.



Heart wall
(myocardium)

Cardiac
muscle fiber

-

__.--""Sarcomere
=)

striation

Zline

troponin |

troponin C
troponin T

actin  tropomyosin

Thick (myosin) filament Thin (actin) filament



Cardiac muscle forms
dyads instead of the
triads formed between
the T-tubules and the
sarcoplasmic reticulum
in skeletal muscle
Dyads in cardiac
muscel are located in

the vicinity of the Z line

T-tubule

Z disc

Sarcoplasmic
reticulum

M band

Mitochondrion

T-tubule

7 dise

Sarcolemma

T-tubule

M band

Mitochondrion

T-tubule

Meeting of sarco
plasmic reticulum
and T-tubule







Cardiac Muscle H&E
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Desmosomes

Intercalated
discs

\ ke
\ xjisidel
Y
“\ 7
1
i

4

o)

. - Opening of
| | transverse
tubule

Gap

Nucleus
Sarcolemma

Cardiac muscle fibers

Figure 20-9a Principles of Anatomy and Physiology, 11/e
©2006 John Wiley & Sons



Openings of
Intercalated disc transverse tubules Intercalated disc

Desmosome

Gap junction

=

Sarcolemma

Cardiac muscle cell

Nucleus

Mitochondrion

Source: Mescher AL: Junqueira’s Basic Histology: Text and Atias,
12th Edition: http://www.accessmedicine.com

Copyright € The McGraw-Hill Companies, Inc. All rights reserved.



\ Intercalated disc
SASD ‘)) T ‘/Z-disc

Adherens \r e T —— coated pit

junction caveolae Gap junction 7

T-tubule



ACTION PoTENTIALS

in PAcEMAKER CeLS

Intercalated
disk

Electrical current

011 Pearson Educabicn, Inc.
. Intercalated disk

M Membrane potential
of autorhythmic cell
Cells of

SAnode  CUIEN ‘ T Membrane potential .
TR X N of contractile cell :

Intercalated
disk with gap
junctions

~ Depolarizations of
autorhythmic cells rapidly
spread to adjacent contractile
cells through gap junctions.

son Education Inc




Extracellular fluid (ECF)

Contractile or Contractile Plasma 2% 2
autorhythmic cell cell membrane ® Ca?* T tubule Ca 1Ca

7=
@

;@' Current spreads
- through gap junctions
to contractile cell
(2) Action potentials travel
along plasma membrane
and T tubules

(3 ca? channels open
in plasma membrane
and SR

(@) ca?* induces Ca?*
release from SR

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

(8) Crossbridge cycle begins
(muscle fiber contracts)

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

Tropomyosin blocks
myosin-binding sites
(muscle fiber relaxes)

Intracellular fluid (ICF)

© 2011 Pearson Education, Inc.
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Poréwnanie budowy komérek miesni poprzecznie prazkowanych
serca szkieletowych
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ISL1* cells Epicardium-derived KIT* cells SCA1* cells PDGFRa* cells

l . S .

100 pm

Cardiac stem Specialization
cell niche (Cardiac lineages)

-
Femnviy = * Cardiomyocytes
: - T ——

o 4 - @ @ Smooth muscle cells

Cell division

i . N
Daughter —+-—> 4 © @5  Endothelial cells
rogenitor cell - N

Development 2016 143: 1242-1258; doi: 10.1242/dev.111591






TKANKA MIESNIOWA GLADKA

* pojedyncze komorki lub grupy komorek w
tkance fgcznej narzgdow (np. gruczot krokowy, kosmki jelitowe)

* miesnie (np. sciana macicy, jelita, zotgdka)

e czynnosc niezalezna od woli

 kontrola poprzez uktad nerwowy autonomiczny
| hormony




TKANKA MIESNIOWA GLADKA
Czynniki wywotujgce skurcz lub rozkurcz miocytow gtadkich

 spontaniczne wytwarzanie potencjatu czynnosciowego
/komorki rozrusznikowe - miocyty sciany kielichow matych nerek lub jelita/
 Iimpulsy nerwowe - uktad autonomiczny wspotczulny lub przywspotczulny

* hormony: prostaglandyny adrenalina,
noradrenalina, angiotensyna 2, leukotrieny

* tlenek azotu /zmniejszenie jonow wapnia w cytosolu - rozkurcz/

» kininy / krétkie peptydy odcinane od
biatek surowicy, np. bradykinina/

__ ‘ éThick
/& filament
o - /
Thin
l filament

=




rozkurcz

skurcz

aktyna

miozyna

APARAT KURCZLIWY KOMORKI MIESNIA GLADKIEGO



Tkanka miesniowa gtadka

zagtebienie
(kaweole)

=
},i— miozyna

- aktyna

mitochondrium

ciatko  cytoszkielet e
geste ). Perkins
, MS, MFA
Komorka 18N
kurczgcego sie

miesnia
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Single Unit vs Multi Unit

Mcunoommuu!o

Gap junctions between neighboring cells
allow a slow wave of contraction to spread
from myocyte to myocyte.

| B‘l’onlcamothmsdo W

Individual myocytes are isolated from
neighboring cells, which allows them to
be activated independently for finer control.




ECF Ca?t

0|0

Sarcoplasmic

reticulum 0

Ca2* —— » Ca?

—— o K
Inactive - @

MLCK e
Active

ATP MLCK

B9

Qj ADP + @@

Inactive myosin Active myosin
ATPase

Increased
muscle
tension

o Intracellular Ca2*
concentrations increase
when Ca?* enters cell
and is released from
sarcoplasmic reticulum.

Ca?* binds to
l calmodulin {CaM).

Ca?*—calmodulin
. activates myosin light
’ chain kinase (MLCK).

o MLCK phosphorylates

heads and increases

light chains in myosin
l myosin ATPase activity.

o Active myosin

along actin and create

crossbridges slide
muscle tension.




Ca*
Phospholipase C Activates myosin light
inositol triphosphate chain kinase

Actomyosin contraction
Vascular smooth muscle contraction

Receptor

Norepinephrine
Endothelin 1

Rho kinase IE Inactivates myosin light
chain phosphatase
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within
lamina propria










SEMINARIUM - Tkanka migsniowa — typy, funkcja, mechanizm skurczu.
CWICZENIE - Budowa histologiczna tkanki miesniowej gtadkiej, poprzecznie prazkowanej szkieletowej i
miesnia serca.

1. Tkanka miesniowa gtadka — jelito (preparat nr 13 okrezny i podituzny uktad wiékien - p. m.).

2. Migsien poprzecznie prazkowany szkieletowy - jezyk (preparat nr 20, uktad widkien podtuzny,
poprzeczny i skosny, uklad jader we widéknach poprzecznych i podtuznych, prazkowanie - p. d.).

3. Migsien poprzecznie prazkowany sercowy (preparat nr 23, uktad wiokien, pozycja jader - p. m.).

| 4 4. Prazkowanie w migsniu poprzecznie prazkowanym (preparat nr 22, skrawek pétcienki - p.d.).
Migsien °- Wstawka miesnia (EM16 i 39).
sercowy

6. Komérka satelitarna migsnia (EM 7).

7. Uktad cystern siateczki endoplazmatycznej gtadkiej we wiéknach migsnia
poprzecznie prazkowanego serca (EM 40).

8. Sarkomer (EM 75).

9. Rozmieszczenie dystrofiny i urofiny w hipotetycznej komoérce (schemat 84).

(i _ osu.!
EM — 16. EM -39 WSTAWKA MIESNIA SERCOWEGO
WSTAWKA MlESNlA SERCOWEGO C1, C2, C3— Fragmenty cytoplazmy trzech komérek migsnia
Is — przestrzen miedzykomorkowa; sercowego, ,
2, 3 — fragmenty komorek miesnia sercowego; N1 - pofgczenie typu nexus we wstawce (materiat
M — miofilamenty: N2 poddany inkubacji z wodorotlenkiem lantanu);
Mi — mitochondriayl. N1— nexus w przekroju skosnym;

N2 — nexus w przekroju poprzecznym.
" ¥

EM - 75
SARKOMER

KOMORKA SATELITARNA MIESNIA

S — jgdro komorki satelitarne;j;

T — jgdro komorki miesniowej;

Sc — fragment cytoplazmy komérki Satelitarne;.
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EM - 40

UKLAD CYSTERN SIATECZKI
ENDOPLAZMATYCZNEJ
(SRODPLAZMATYCZNEJ) GLADKIEJ WE
WLOKNACH MIESNIA POPRZECZNIE
PRAZKOWANEGO SERCA

SUBSARCOLEMMAL CISTERNAE - cysterny
siateczki sarkoplazmatycznej lezgce pod
sarkolemma (cysterny brzezne);
MITOCHONDRIAN - mitochondrium;
T-Tubule - kanalik "T";

SARCOPLASMIC RETICULUM - siateczka
sarkoplazmatyczna;

Schemat przedstawiajgcy rozmieszczenie dystrofiny i utrofiny w hipotetycznej komaérce, opracowany na podstawie
znanych oddziatywan z innymi biatkami. Dystrofina przedstawiona jest po lewej stronie schematu, tak jakby to byta
komodrka miesniowa, podczas gdy utrofina przedstawiona jest po prawej stronie schematu, tak jakby to byta komoérka
niemiesniowa. Cytoplazmatyczne filamenty aktynowe - zielone, dystroglikany (a, B) i syntrofina (syn) - niebieskie,
sarkoglikany (a, B, v, 0) - fioletowe, hydrofilowe gtowki fosfolipiddw btony komérkowej - z6tte, sktadniki macierzy

zewngtrzkomérkowej - czarno/biafe.
Oprac. dr C. Wojcik wg. J. Musc. Res. CellMotil. 1997.18: 617



