MUSKULU
METABOLISMS UN TO
PRINCIPI

Prof. Inara Logina

RSU Neirologijas un neirokirur
P. Stradina KITniska universital
Latvijas SBpedribpeéetes




Prezentacijas vestijums :

- Muskulis veic smagu darbu

- Tam nepiecieSsams liels energijas patérins

- Energijas vajadzibu nosaka muskulu sarezgitas
mikrostrukturas un to veiktas funkcijas

- Energijas raZosanas metabolie mehanismi
muskuli — vairaki

- Eksiste vairaki skeleta un citu muskulu veidi; to
metabolismam ir savas ipatnibas
Metabolisms nodrosSina energiju / spéku /

funkcijas



Muskuli — uzbudinamieaudi ( mQ k st |

- Spej sarauties un atslabt — nodrosina kompleksas
kustibas :

- aktivas jebvoluntaras ( ar gr i b4 vaditas)
piem, r aksutcitkomglteksas
- involuntaras jeb autonomas —
piem, sirds sarausSanas,
- Ir 3 muskulu tipi :

atékiriqa uszve, funkcij

Skeleta mm Gludie mm Sirds mm ’
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Skeleta muskulatdra( g g Ur s s v

- 40% kermena masas (42%-vir i e$i esm;e v3i6e% & m)

Kauli 18%|Tauki 17%|Ner vu s i $It edkmpUj3i%e | Asinig8n i

- Cilvekam ir> 600 muskuli( 639? 640? gandri z
- ja visi darbotos viena virziena — varetu pacelt 25 tonnas!
- ejot darbojas ~200(1/ 3 !daNa
- muguru vertikali notur ~ 50
- peda-52
- runajot iesaistiti - 72
- smaidot - 17, drums skatiens - 43
(smaidot ir vieglUk / energiju ¢
- stiprakais mm — mele !
(&r mUIli/vUrdu var nosi st
- lielakais — mm.gluteus maximus; mazakais - mm.stapedius
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piestiprinl
Insertio
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Cipsla -

tendon / aponeurosis
(gal ai daNa
piestiprina mm)
Véderin§ ( vi dus

Piestiprin Us
_pie kaula,
Was, fascijas

Papildus elementi
(samazina berzi)

Fascijas ‘ G grésvaroti
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GNotu mai 8 Ai volunt Ui

GNot u mak si i-s
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Apgade :
Arterijas
1-2 vénas uz
1 motoneirons = 10-2000 TR AT S
(vid150) mm Yhkiledr asu - 0T A
NM sinapses _(R.Svatski, 2014; L.Aberberga-Au g g k ©I. iK® r o 2004y a
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Skeleta muskulatira( g g Ur s s v

- Skeleta muskulu
funkcijas :

- Kustibu un balsta
- Siltumradisanas
- Receptoriska

- Sensoriska —
pl asaka noz
fizi skas a
| abveéelTlTga 1 ¢
organismu

oo
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Skeleta muskulu kustibu funkcija

Muskula kustiba
Kontrakcija
relaksacija

- Dinamiska — mm
saraujoties, kustas kauls

- Statiska — kauls
nekustas, bet mm
saspringst

- Ko n k r datbibas
izpildei esai st é

Kimiska energija —

Mehaniska energija %

mm (nodrogi na
- Galvenais izpilditajs —

primari atbi

KustTbu

- Sinergisti—asi st é
vei kt dar bt
- Antagonisti — veic

pretéju dar biou
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Skeleta muskulatdra( § g Ur s s v

- Ipasibas :
- Uzbudinamiba : AcH,
vada uzbufm/aaj u
- Kontraktilitate —
Speéja sarauti
- Stiepjamiba
- Elasticitate
- Plastiskums

Muscle
elongates
(eccentric
contraction)

L.Aberberga-Au g g k ®l. ke r oNBiv ailolsd g iejma : Nav. - _ izoh:letrifska sarausanas
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Skeleta muskulaturas uzbuve

Muskulis (apbem saistaudu
apvalksepinizi/s)

Blood vessel

Muscle
fiber
(cell)

-0 r. g é(m’ 5§0-200 mm Perimysium ;
mysiu B
l« pimy ‘ | FOISA o :

mus Kk ul Sdeupasd r u
fascikuli (peringzis)

l
muskulskiedra jeb mm
suna — daudzkodolains
cilindrisks miocits
(¢cvUrpsti Aae)

(endongzy)s)

L.Aberberga-Au g g k ®I. Ke@r o NBv ailalsd g iejma :

Fascicle
(wrapped by
perimysium)

Endomysium
(between
fibers)
Tendon

Bone
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Muskula ~ Miofibrillas i daudzas miocita/y g gie@dr O

§k’edras.’eb sast Uwvwdm Maj;i edras sarauganu
é&nas-m.focm Kodolitdaudzi vienU ¢ginU, per

uzbuve ' Miosateliti—-ma zdi f erginrcdld ast ar p r
2 . nodr ogi na ng%'ﬁ?ea%‘ralnlerdUgaasnos

Sarcolemma Perimysium around
fascicle

Plazmolemma —

=l l Mitochondrion

Transvlerse (T)
tubules

Endomysium

_ Skérscaurulites T
- \ Muscle fiber
Sarcoplasm: s Sarcolemma
I
glycogen & / B2~ \ Sarcoplasm
mvoelobin Energljas = = A
\—(02‘u¥1—g181kvﬁzer)— nodyosinaju \/ W
Mitochondria ' ;
i5

_R.Svatski, 2014: https://www.slideshare.net/robswatski/biol-121-chp-10-muscle-tissue-lecture-presentation
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Sarcoplasmic reticulum ~ . W
Miofibrillas

/ Sarcolemma

Myofibril

Sarcoplasm

Nucleus Veido svitrojumu

Thick

flament  Lhin

filament
Apkart
sarkolpazmatiskais
retikulums (SR)

Transverse tubule

Terminal cisterns

Sarkomers — miofibrillas sarausanas Tievie & resnie

pamatvieniba pavedieni jeb
3 filamenti —

protofibrillas
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Nucleus Muscle fiber

Mitochondrion

Sarcolemma

Light |

Sarkomeri

O @
. - Sarcoplasmic m
Organizeta reticulum =
Thin (actin) Thick (myosin)

kO ntr akC |_| as \ filament 7 disc H zone Z disc filament
vieniba G—

Miofibrillas
segments
starp Z linijam

.

A band | band M line

Tievas protofibrillas jeb filamenti - olb aktins
Gaisa l josla

Tievas&resnas vidii Z linija—, aktins( s as ai s fimilag)
proEofltzflllaS Resnas profibrillas jeb filamenti — olb miozins
parklajas Tumsa A josla

vidia M linija — miomezins un skelemins
(olb, saista mi 0 z gavedienus) )
H josla (zona) — nav tievo protofibrillu ( ne p Ur

.Svatski, ; L.Aberberga-Au g g . K® [ Q a
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Thick filament
Z disc Thin filament Z disc M line

(a) Relaxed muscle

e 23— ST < Sy

-

_ Kontraheéjoties tievie aktina filamenti
(b) Partially contracted muscle - . .= . .
slid gar resnajiem miozina filamentiem —

| josla tiek ievilkta A josla, H zona izzud

-—- - X
z 3 L
- o

H e am— —— o Sl > o

‘(“.- el G ——
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(c) Maximally contracted muscle

(R.Svatski, 2014; L.Aberberga-A u g g k ®I. IK® r g 2004y a
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Mm olbaltumvielas:

~ 20% no kopejas
mm masas

(5-6 kg)

~ 50% no cilveka
kopeja proteinu
daudzuma

Albumini,
globulini, citi
skistosSie proteini

Katru kode
attiecigi geni

Miofibrillu
olbaltumvielas =
galvena loma mm
kontrakcijas cikla
(to veic).

Miofibrillu
olbaltumvielas

Kontraktilas

Regulejosas
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Kontraktilas miofibrnilu olbaltumwvielas

° A ktin S Sarcomere

- - H zone
-Gl obuplraortse n s, _ o _
| i near u —pievd i m S o =
fillamentu e
- Uz virsmas ir speciala — . —
miozinu sais tos.,a zona Lighter | band Darker A band Lighter | band
. - Portion of a Portion of a
- Miozins thick filament thin filament

- Resnie filamenti

Gl obul T ns
2 smagUs un 2
- Asimetriska molekula :

-vienU gal U vei
ATF-Uz eask t 1 WCajonut e ATP-binding site
k1l Ut bl tnO; i

- Galvinas spéj hidrolizét ATF
un saistities ar aktina

molekulas specialo miozina
saistosSo zonu

ITroponin Actin  Tropomyosin l

Actin-binding sites

Binding site Actin subunits
for myosin

Heads

Myosin molecule Flexible hinge region

(R.Svatski, 2014; L.Aberberga-A u g g k ®I. iK® r g 2004y a
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L
Reguléjosas miofibnifu olbaltumvielas

- Tropomiozins
- apvijas ap aktininu, nosedz miozina piesaistisanas vietu miera
stavoklr
- Troponins
-3 apakgviengbas
- T- augsta afinitate pret tropomiozinu,
- C- afinitate pret Ca joniem;

 I'T novérs aktina molekulas specialas miozina saistosas zonas
saskari ar miozinu( d ar b o a-8z &nbibit&rd) F

-at ggirgga | oma dagUdos

tropomyosin troponin binding site *\‘

_J.

(R.Svatski, 2014; L.Aberberga-A u g g k ®I. iK® r g 2004y a
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D
Strukturalas miofibnilu un citas OVbammmwehs

- - aktinins _— =
" Extraceliular e Basal lamina
-sasai st gbrillaslut Mpstigrinatoi - S a2

Z |1 onijas = B oo ccmpiex
Miomezins, skelemins

- saistami ozpawedi enus M s
Desmins, nebulins s (M) _ eSOy pysiotrev

-intracredutliUprai nUgan Syncoiin
noregul Ugana

- Titins
- el ast incoidirlbtgeisn Uj ums
filamentus

- Distrofins
-liel Ukais protedgns

- sasaista citoskeletu T a k t filamantus
ar me mb relknsut ruancnelriksu,
uztur ¢glnas spri egu

-lr arQ signalizUj ogme el -

- Distrofina — glikoproteina
komplekss LS
- ekstragerlanstreiminr On | ol e

i nt r aclel wplrlbrtie o ni
- nosaka muskulu distrofijas

(R.Svatski, 2014; L.Aberberga-A u g § k ®I. iK® r q 2004y a


https://www.slideshare.net/robswatski/biol-121-chp-10-muscle-tissue-lecture-presentation

IR $Z 000200 b

Sarcoplasmic reticulum

Myofibril
cell membrane
: ; I , J Sarcoplasm
sarcoplasmic ; & i
reticulum s ool v e~ Yo , ) Nucleus
o : Thick .
v \ filament :"n-lzlrrr‘xent
I band Triad: :
} Transverse tubule
triad ~ 4_Vl m .\ Terminal cisternsMitOChondrion
mm*w Aband Sarcomere corae
- 4 MuskulSkiedras balsta strukturas :
// e ?ﬂﬂ Zlinijas- akt ons, kas fbdllsgaius t
g | - 1>"¢  Milnijas - mi o me mmsnkse | e, rkdssaista
\ t \ | mi o z @avedienus
L1 T sistemas kanalini jeb Skérscaurulites —
Veido sarkolemmasd zi Ni ig @ Ui & k i 1
Patiemmi ociietkINI st Qagp@ns u
myofibrils tubules open onto Atrodas miofibriluA un | josl u r

fiber surface at i3 . Ty T - -
each Al junction 171ades i T sistémas kanalipi + no abam pusém

sarkoplazmatiska retikuluma beigu maisini
(cisternas):depol ar i zUci j as
kanUl YAigdmm SR Y YszlUa&ss

mm kontrakcija (ar filamentui olbs | 0 d Ug a
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. Sarcolemma Sarcoplasmic Transverse Terminal
Sarkolemmai b\ reticulum (SR) tubule cistem of SR

gl nas membr Ona,
veido caurulogu
si st Umu -

Sarcoplasm —____

Membrane
protein

Miofibrillas 1 —
tievie (aktonla
resnie (mi 0 z)0 n a | Dystophin gr=sere

filamenti Myoibrl

|
Distrofins | o e+

svangDkais S&Itbd'lﬁndlﬂoﬁgaiMSoglobh Gyooger'xgtanuies
rotegns + cCci t.
Protes S 9

‘JJ'.J
Sarkoplazma i u ! By
mioglobina& W o = 0n
. — R = Ca?* actve ﬂ
glikogéna transpont pumps —
T : = : < =Ca’'release - -
uzkr Uj umi energijjal 2

Triades I
T caurulites +

SR terminalas
cisternas -
Cajonu

uzkr Uj umi
apmai Aa

(i zdal Us

un aktovs

Sarkomeérs i
aktovU sa
vieta, filamentu
pUrkl Ugan
sl odUgana

Kodoli i
daudzi,b pe

Mitohondriji i
metabolisma vieta
iaerobU
oksidUci j

Vienkarsota muskulskiedras uzbuves shéema
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Muskula
kontrakcija

7~

Nerva impulss —

aksona terminals
NM sinapseée

\

™~

|

Ach sprauga

Vezikuli izdala —

ACh — pie

sarkolemmas
receptoriem

Na+ jonu kanali

L atveras

Na+ aptver mm

skiedra

.

-
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