





BIOCHEMIE SVALOVE CINNOSTI 14

Svaly - typy, morfelogicke rozdily, struktura myefibnl, filamenta a jejich proteinove
komponenty. Energetika svaloveé konrakee. Biochemicka diagnostika infarkm myckardu.
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Sarkomera 2 5-1.5 pm
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Arrangement of Filaments in Skeletal Muscle (striated muscle)

- Usporidani filament v pricné pruhovaném svalu

Sarcomere
sarkomera 2,5 - 1,5 um
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My nazinaveé filamenfnm
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Aktinove filamentum
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Myosinove filamentum

Aktinove filamentum
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Thick filament

Myosinové filamentum

_ichké fetézce myosinu
- Myosin light chains

Thin filament

Aktinove filamentum
actin -
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Kontrakce kosterniho a srdecniho svalu

-~ 10 mm
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The contraction cycle.




~>» ATP = myosin

H20~ﬁ%

ADP = P,= myosin

aktomyosin

ATP

. ATP- aktin
myosin
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Piepinat Ca™"

Aktinové podjednotka

Troponin

Tropomyosin

Myosinova hlava

Myosinovy krk

Myosinova vidkénka
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Kosterni sval
Skeletal Muscle

depolarizacc

Depolarization SARCOLEMMA __ SARKOLEMMA
w " rﬁ SARCOPLASM ©  SARKOPLAZMA
i T-tubule
T-tubulus
wCa 24 SR
N o ¥ e
S 24 24 L© | )
§Ca Ca \ J \
)y ;§Ca2+
Contraction Ca2+ Relaxation  pelavace
kontrakce .. l |
SARCOMERE SARKOMERA

SR ... Sarcoplasmic reticulum
SR ... sarkoplazmatické retikulum
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Typ vlakem | Obsah mvoglobinm | Obsah mitochondrni | Kontrakee Ldroj energie
cervens | L. pomala | L.

bille | Ll rvehla anaerebni glykolyza
smisens smiieny charakier
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Ldroj a eliminace Ca v sarkoplazmé srdecéniho svalu
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Srdecni sval
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Ldroj a eliminace Ca’ v sarkoplazmé hladkého svalu

Ca™*
i katecholaminy iNa
VOO ROC ) E' ] & |
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Eontrakce relaxace

22




Hladky sval

=
Ca?

i katecholaminy

ROC A

VOC

CM
\

MLCK <——— CM-MLCK

| ‘

Ca¥-CM + MLCK ——>{Ca™CM-MLCK)

a—y” \.ADP

MLC MLC~® aktin
MLC-fosfatiza
(nezivisina Ca' ) H_)O
M ... kalmodulin aktm -my osm~®
MLCK ... kindza lehkych fetézel myosinu | 1
MLC .... lehké fetézee myosinu L kontrakce

mva:m hjht chain
“inase
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kalmodulin (CM)

T Ca*" v sarkoplazmé l[ b Ca™ v sarkoplazmé

NO vazba Ca®” na kalmodulin (CM-4Ca™)
@
. t
cGMP k
MICE _ CM-4Ca *-MILCK
E} neakrvnd ks 3 akim
[ PG| am T
MLC--P
FE-A ADP MEE o
x " |
@ |
= MLCE~P | ML C-fosfarasa !
c AP L afinity k CM-4Ca®
""'\-\.i_.-"" ¥
yosin . aktin myosin + aktin
& s
I I
relaxace kontrakece

MLCE (nrvosin light chain kinsse) kinasa myvosinovaho lehkeho fetézce; MLC lehky fetézec nyvosion
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Kosterni sval

Srdecni sval Hladky sval

Spoleéné rvsy
* mechamsmns kontrakce
* aktivace kontrakce

mierakee F-aktim s myosimem
T Ca*™ v sarkoplazmé

Odlitmeé rvay
= zdroj Ca™
- iiéinek Ca™

* inhibator interakce
F-akiin-myosin
* relaxace

* regulaéni viiv cAMEP

= ucimek NO

| L ot
4 Ca" —Tp 4Ca" — kalmodulin
zména konformace Tp-systému aktivace .. ...

odkryti mista vazby na F-aktinn

EONTRAKCE

4 Ay
1l

aktivace Ca” -ATPas

fosforylace myosmu

e b

 KONTRAKCE

- ':'Fll_
]!

aktivace Ca- -ATPas = L Ca™
mprostiedkované Ca” -kalmodulinem

fosforylace proteind fosforylace MLCK
aktivace ... = T Ca™ 4
aktivace ... =L Ca™ e
MODULACE RELAXACE
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Nékteré rysy svalovych bunék

Kosterni sval { . Srdeéni sval Hladky sval
Spolecné rysy -
» mechanismus kontrakce interakce aktinu s myosinem
« aktivace kontrakce - I Ca™ v sarkoplazmé.

Odlisné rysy l !

» zdroj Ca™ ! SR i SR + ECT SR+ECT
« i¢inek Ca™ | 4 Ca™ — toponin C 4 Ca™ = kalmodulin
J i
zména konformace troponinového systému aktivace MLCK
I il
« odkrvti mista vazby pa F-aktinu fosforylace myosinu
- Telaxace iay T Ca** =s aktivace Ca’* ATPd: = 1 Ca™
= Ca™* ATPd:a zprostedkované Ca™*-kalmodulinem
« regulaéni vliv cAMP fosforylace proteint ,
#3dny aktivace VOC = T Ca™  |fosforylace Xidd¥x MLCK
aktivace Ca**ATPdz =iCa™ B o
MODULACE RELAXACE

« iCinek NO | ‘ nereaguji - relaxaéni

-

’
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Regulace zpémého transportu Ca™

T Ca™ v sarkoplazms

l

vazba Ca™ na kalmodulm (CM-4Ca*")

CM-4Ca~"dep. proteinkinasa IT Ca~ -ATPasa (sarkolema)
prostredoicin
‘/E)/ \K__a\ﬁis.:'-:-'.amhau-.?
Na " /Ca’ viménik SERCA
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Modula¢ni ucinek cAMP na srdeéni svalovou ¢innost

cAMP
i
proteinkinasa A » T tepova fiekvence
o & e, e
Ca~ -VOC Ca -ATPasa (sarkolema) SERCA TpI--P (T kontrakce)
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U¢inek oxidu dusnatého (NO, nitroxidu) na hladky sval

organicke miraty/ mirity

R-O-NOy, _ acetylcholin
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| S |

-

NO-synthasa
L-Arg *=  NO - L-citrullin

-+

..""F

He-~35

an +

[ N ——— E—

myocvty hladkeho svalu

EREV

endotel _\".

/

guanylatcyklasa

MILCE GIF
PK.G [+
¥
\ MICK |~P
RELAYACE

R—C}—r\_ﬂjﬁ mitnt ————» -NO--+)---4
(solubdln
G-5H G-5-5-

T

sildenafil
(Viazra")

 cGMP

31




Svalova price

a) maximalni intenzita (anaerobni faze, kratkodobé 0,52 min)
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b) vytrvalecka (aerobmni faze)
pracujici
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Vyuiiti energetickyvch zdroju pii svalove praci

Max. vwkon

ATP
(Wkg) '

; Kreatinfosfar

Anaercbni
glvkolyza

[

3 1020s1 2 10mm 12 4h

Irvani prace (log 1)
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Zacitek vzestupu Maximum Navrat k normeé | nscobek Zvyient
(h) (h) (dny)
cEME ‘| " 3-8 U 16-32 2 .5 . 2 - 30
CK 4 - 8 16 - 36 3-06 2-25
AST 4- 8 16 - 48 3-6 2-25
HBD 6-12 30-72 10 - 20 2- 8
LD 8-12 24 - 60 7-15 2 - 38
Relativoi zmény aktivity CK a CK-MB v krvi
I'C]:.lli\’lfi o 1L, 1.m. = CK-MB
il Al - CK
0 20 40 60h O 20 40 60h- 0 20 40  60h
akutni infarkt myokardu akutni infarkt myokardu akutni infarkt myokardu
nekomplikovany mtramuskuldrol imjekee reinfackt
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Enzymova diagnostika infarktu myokardu

Relativni zpmény aktivity enzymi v krvi

ZvySeni
aklivity

Ex

5%

4x

3K

2%

hranicui

hodnola

AST

CK-MB

L
CK-MB:13 h
CK ‘15h
AST 17T R
- :
.I.I.E}.D. - 5Sdnt
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Cumulative Frequency (%)
of Increased Concentration

100

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

------------

........

--------------------------

....... seaae K activity

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

e Troponin T
—— (CK-MB

== Myoglobin

0 1 2 3

6 7 8 g W 11 12

Hours After the Onset of Symptoms

Diagnostic sensitivity of cardiac troponin T, myoglobin, CK and CK-MB activity during the
first 12 hours after the onset of AMI symptoms (n=72). The lowest value for each interval
was included in the calculation of the cumulative frequency of increased values.

Mair J., Clinical Chemisiry 37/6: 845-852 (1981)
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