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ANEeKTPOHHOMUKPOCKONNYEeCKoe n3odpaxeHue rnagkom
MbILILbI

KaB€0J1bI

TRENDS in Pnarmacoiogical Sclences

Figure 2. Mitochondrial junctions with the sarcoplasmic reticulum {SR) and plasma membrane (PM). (a,b] Smooth muscie electron micrographs {EMs) that are stainad with
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CpaBHUTeNnbLHOe N30o6paxxeHne Tpex TMNOB MbILLL

(a) Skeletal muscle

Nucleus

Musclefiber
(cell)

Striations

Intercalated disk

Nucleus

(c) Smooth muscle

— — —

Musclefiber

Nucleus ——

Figure 12-1: Three types of muscles
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muscle cell

(nuzious)

TYPE: Skeletal muscle

DESCRIPTION: Long, striated cells with
multiple nuclei

COMIMON LOCATICNS: In skeletal muscles
FUNCTION: Conlraclion for voluntary movements

'k (cells teased
! art for
\‘é clarity here)

A

TYPE: Smooth muscle

DESCRIPTION: Long, spindle-shaped cells,
cach with a single nucleus

COMMON LOCATIONS: In hallowr organs
(e.g., slomach)

FUNCTION: Propulsion of substances along
Internal passageways

el
A

junction
belween
adjaceni
cells

£l
TYPE: Cardiac muscle
DESCRIPTICON: Branching, striated cells fused

at plasma membranes
COMMON LOCATIONS: Wall of heart E
FUNCTION: Pumping of blood in the

circulatory sysiem




Tunbl rMagkoMbILWeYHbIX KIeTOK

Electrical isolation
of cells allows finer
motor control.

O Gap junctions
permit coordinated
contraction.

Varicosities
) (synaptic contacts) ’ -
FIGURE 9-2. Smooth-muscle organization. A, Each smooth muscle cell receives its own synaptic input.

B, only a few of the smooth muscle cells receive direct synaptic input.

Smooth muscle cell




PacrnipocTpaHeHue COKPATUTEIbHOH
AKTHUBHOCTH B INTAJIKON MBIIIIIIE

(a) Single-unit smooth muscle is connected by gap junctions
and the cells contract as a single unit.

N Gap
junctions

Smooth muscle
cell

Figure 12-25a: Types of smooth muscle



LLleneBble KOHTaAKTbI B rNagkon MbilliLe ocylwiecTBNAT
nepenavy BO36y)KﬂeHVIFI OT KJ1IeTKU K KJieTKe B YHUTAapPHOM
TUnNne rMmaagkKnx MbILLILlI
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Connexons
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Pores connecting

cytoplasm of two
neurons

© 2001 Sinauer Associates, Inc.
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TOHN4YeCcKnn n pasnyvecKkm TMn CoKpaLleHUn rnagkmx
MbILLILY

Smooth Muscle Contraction

tension
tension

O\~

potential (mV)

potential (mV)

0 1 2 0 1 )
time (sec) time (sec)




Smooth Muscle Pacemaker Activity
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KpuBble cOKpalleHN CKeneTHOMm,
cepAevyHoOu U rmagkou MbiLllL

Skeletal
ﬂ /‘ / Cardiac
Smooth
/
c
i)
/)]
c
@
) x
)
I I l l
0 1 2 3 4 5

Time (sec) Figure 12-24: Duration of muscle contraction in
three types of muscle



MexaHu3M COKPAIIEHUH CKEJIETHBIX MbIIII

(c) Aband ——— Sarcomere
J | Z disk Z disk
—_— N————— = = __——m
—— — = Myofibril

Do

M line

_.-=""Myosin head

-

o Hinge
-7 Myosin tail region \

Tropomyosin G-actin molecule

Myosln molecule Actin chain

Figure 12-3c-f: ANATOMY SUMMARY: Skeletal Muscle



CpaBHUTeNbHaA opraHn3saums CoKkpaTutTeribHbIX
3NeMeHTOB B CKefleTHOM U rmagkou Mbiwiuax

Muscle Fiber Organization

Striated
Muscle

Smooth
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Bua rmagkoMbILLIe4YHOM KNEeTKN B MOKOE U NMPU COKpaLLeHUMU

Sarcolemma

Intermediate
filament

Dense body

Nucleus

Relaxed Contracted
(a) Details of a smooth muscle fiber

© John Wilay & Sons. Inc



The fibrillar contractile apparatus

Dense bodies serve as an attachment points for the thin filaments
Intermediate filaments form a cytoskeletal network between dense bodies

mechanical intermediate
junctions filament

-

contractile dense gap
proteins bodies junctions



CTpyKkTypHasi KOMIIO3ULIUA COKPATUTEJIHLHOIO anmapara
(ImomepevyHoI0J0caTasi MyCKyJaTypa)
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CTpyKkTypHasi KOMIIO3ULIUA COKPATUTEJIHLHOIO anmapara
(rmagkasi MycKyJaTypa)
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MexaHn3m coKpaweHUn B rmagkou Mmbiliue

(a) Actin and myosin are loosely arranged around the
periphery of the cell, held in place by protein dense bodies.

(b) The arrangement of the fibers causes the )
cell to become globular when it contracts.

Filament bundles

Thick Dense bodies  ©f actin and myosin
myosin l Thin actin filament
ﬁlament\ = A o
>‘%'~ /\ \
— = X
/-', \

I4 \

d ' Protein

< \
,'bne contractile unit*  attachment plaque

2 \
,7 inrelaxed state /
4 £ -

cm—— —

Contraction

’ — [

V.
Muscle — ™

cell membrane

(c) Myosin can slide along actin for
long distances without encountering
the end of a sarcomere.

Actin thin filament

Contracted state
S
—==r
7 -~
’ 2 Ry -~
2 s 4 -~ s = .
7 i -~
7 % 2 ~
: .
Nalel \ Myosin

thick
filament

(d) Smooth muscle myosin has hinged
heads all along its length.

Figure 12-27: Anatomy of smooth muscle
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(excitation-contraction coupling)
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PerJIHHI/IH COKPATHUTCJIbHOI'0O ammapara riaikKux mMbilii CoCyJaoB
(excitation-contraction coupling)
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Calcium activates calmodulin

(A)

Figure 15-40. Molecular Biology of the Cell, 4th Edition.



A Simplified View of Smooth Muscle Contraction

(fiﬁq
bbﬁ
heterotrimeric G-protein

qub GPCR

‘// phospholipase C

— N,

SR

.— myosin

ca?-Cam-MLCK ~(P)~@
afe Rop

myosin light chain

CaM = Calmodulin MLCK = myosin light chain Kinase

. . IP; = inositol trisphosphate
Barany, K. and Barany, M. (1996). Myosin light chains.

In Biochemistry of Smooth Muscle Contraction (M. Barany , Ed.), pp. 21-35, Academic Press.




Cross-bridge activation in smooth muscle
Ca*"-stimulated myosin phosphorylation

4 Ca** o
> . myosin light
Calmodulin. Cm Y mY chain kinase (MLCK)
~ myosin light
Ca4 b chain kinase

Mg
ATP ADP
regulatory
light chain \‘ 0
relaxation &_/

contraction

(P4 myosin
phosphatase
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MexaHn3m peuenTopHO (FOPMOH)-MexXaHU4eCcKoro
conpshKeHus
agonists (norepinephrine,
angiotensin Il, endothelin-1, etc.)
2
Ca** l receptor
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OCHOBHbI€e 3Tanbl COKpaLleHUs
rmagkux mMbiLlu
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Smooth Muscle Contraction
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copyright 1996 M W King
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MexaHun3m peuernTopHO-MexXaHN4YeCKOoro cornpsaxeHus

agonists (norepinephrine,
angiotensin Il, endothelin-1, etc.)
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Rho kinase inhibition: Fasudil

Rho kinase triggers vasoconstriction through accumulation of
phosphorylated myosin
Ca2+  Ca Agonist
25>

e 6
MENC

Myosin
‘ i MLCK

Cal%h Myosin-P

Adapted from Seasholtz TM. Am J Physiol Cell Physiol. 2003;284:C596-8.




OTNUWYUTENIbHBLIE OCOBEHHOCTU NMAOKUX MbILLL
(1) CmpyKmypHasi KOMIo3uuusi CokpamumesibHO20 arinapama

[/ MMO3WHOBbLIN TUN perynsaunmn coKkpalleHus

| MMO3UH o6pa3yeT ANMUHHbIE (hunaMmeHTbl ¢ 60KOBOM NONAPHOCTLIO

(2) PYHKUUOHaIbHO OMJIUYHbIe U30hOPMbI COKpamumesbHbix 6es1koe

| MMO3UH (TpebyeT akTMBauumn pochopunuposaHnem) [ OCHOBHOWM NMYTb
[l OoTCyTCTBME CapKOMEpPHON opraHu3aummn

] KanbAeCMOH-TPONOMMUO3NH (aKTUHOBaA perynsauus) ] BTOPOCTENEeHHbIN

(3) Pu3suosiocusi cokpauleHusi

(] rymopanbHas perynsauusa (MHoroobpasue peuenTopHbIX CUCTEM)
chapmapmakomexaHu4yeckoe conpsixxeHme n «actadgetHasa» nepenaya curHana

YHUKaNbHbIe CUMOBbIe XapaKTepucTuku (agantaums K gnuHe n Ca%*-yyBCTBUTENbLHOCTD)
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MexaHn3am paccnabneHus rnagkux
MbILLLL

Ca?t Ca?* Na*
ECF T \ / €) Free Ca2+ in cytosol decreases when Ca2+
is pumped out of the cell or back into the
ATP sarcoplasmic reticulum.
=== 0 \ Na*
0
2
Ca?* < ATP — Ca?* @) Ca2+ unbinds from calmodulin (CaM).
—
Myosin 0 0 Myosin phosphatase removes phosphate
phosphatase from myosin, which decreases myosin

7<\ ATPase activity.
ADP +

o

Inactive myosin Myosin ATPase
activity decreases.
i o Less myosin ATPase results in decreased
I muscle tension.
£ Decreased )
muscle

“_ tension
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AKTUBaLUUA KanueBbIX KaHaNoOB B rnagkou Mbillue npw
AEUCTBUU NPOCTaLUKITUHA (PGIZ)

PCl,

K+ l P?lz

Fig. 5. Potential mechanisms of PGl-mediated activation of vascular smooth muscle MaxiK
channel. Atleasttwo pathways are possible: (1) direct phosphorylation of the channel
c-subunit by cAMP-dependent protein kinase (PKA); (2) direct channel activation by
Gs (Gset), which is coupled with PGI: receptor (IPR). Serine-869 is likely to be the
mosl significant and functional residue subject to phosphorylation by PKA. A
potential role for the Sl-subunit remains to be established.



ul Md®-3aBucumasa akTuBauUUs KanveBbiX KaHanoB

Control +Okadaic acid +PKG
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Fig. 4. Evidence for MaxiK channel @-subunit being directly activated by PKG. HSlo
channels were expressed in oocytes and incorporated into planar lipid bilayers.
MaxiK channel currents were recorded in the presence of 0.5 mM ¢GMP and 1 mM
MgATP facing the channel internal side. MaxiK channel F, was not affected by the
addition of a phosphatase inhibitor, okadaic acid (100 nM) (middle panels). However,
stimulation with PKG-Ia (80 nM) increased the mean P, from 0.02 to 0.1. The
solution contained equal K* concentrations at both sides of the membrane. Vyqq = Was
=30 mV, and [Ca*], = 29 zM. Lower traces are the plots showing the alterations in Py
before and after application of PKG. Reproduced from Alioua ef al. (1998) with

permission from The Journal of Biological Chemistry (The American Society for
Biochemistry and Molecular Biology, Inc.).



Miinzel et al Vascular Signaling by ¢cGMP/cGK 2173

Vasoconstrictors Natriuretic peptides
GC
Gizn3 * NO

SMC Contraction

Figure 1. Mechanisms of cGKI inhibition of Ca** release (left) and Ca®* sensitization (right) to inhibit myaosin light chain (MLC) phos-
phorylation and SMC contraction. ¢cGKI phosphorylation (P) of IRAG inhibits IPs1RAG-mediated Ca** release from the endoplasmic
reticulum (ER), thus inhibiting MLC kinase (MLCK) and vasoconstriction. cGKI phosphorylates Rho and interferes with Rho kinase inhi-
bition of MLCP, thus MLCP dephosphorylates MLC and enhances SMC relaxation. Binding of cGKI to substrates (eg, IRAG and the
myosin-binding subunit [MBS] of MLCP), which are also members of signaling complexes or scaffolds, could be an important aspect of
achieving specificity of cGKI action. G indicates G-protein; IP3R, IP, receptor; NO, nitric oxide; PLC, phospholipase C; and sGC, solu-
ble guanylate cyclase.
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OCHOBHbIe XapaKTepPUCTUKHN TpeX
TUMNOB MbILUL,

Table 12-3: Comparison of Three Muscle Types

SKELETAL SMOOTH CARDIAC
Appearance under light Striated Smooth Striated
microscope
Fiber arrangement Sarcomeres Sarcomeres

Fiber proteins

Actin, myosin; troponin
and tropomyosin

Longitudinal bundles

Actin, myosin, tropomyosin

Actin, myosin; troponin
and tropomyosin

Control

Voluntary
Ca** and troponin
Fibers independent

[nvoluntary
Ca®* and calmodulin

Fibers electrically
linked via gap junctions

Involuntary
Ca’" and troponin

Fibers electrically
linked via gap junctions

Nervous control

Somatic motor neuron

Autonomic neurons

Autonomic neurons

Hormonal influence

None

Multiple hormones

Epinephrine

Location

Morphology

Attached to bones; a
few sphincters close off
hollow organs

Multinucleate; large,
cylindrical fibers

Forms the walls of
hollow organs and
tubes; some sphincters

Uninucleate; small
spindle-shaped fibers

Heart muscle

Uninucleate; shorter
branching fibers

Internal structure

T-tubule and sarco-
plasmic reticulum

No t-tubules;
sarcoplasmic reticulum
reduced or absent

T-tubule and
sarcoplasmic reticulum

Contraction speed Fastest Slowest Intermediate
Contraction force of All-or-none Graded Graded

single fiber

Initiation of contraction Requires input from Can be autorhythmic Autorhythmic

motor neuron

: Types



Vesicle containing ' .
neurotransmitter Mitochondrion

Axon of
postganglionic
autonomic |

neuron

Varicosities Smooth muscle cells

Figure 11-8: Varicosities of autonomic neurons
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Mechanism: Norepinephrine Release and Recycling

Axon varicosity

Action Y/
npotentiax
Voltage-gated

24
Ca“" channel =
c* @

Action potential arrives

at the varicosity.

Depolarization opens
voltage-gated Ca®* channels.
Ca?* entry triggers

exocytosis of synaptic vesicles.
NE binds to adrenergic

receptor on target.

Activity ceases when NE
diffuses away from the synapse.

NE is transported back
into the axon.

e Diffuses away

Blood

Adrenergic receptor
Effector cell

NE can be taken back into
synaptic vesicles for re-release.

' KEY
® NE (norepinephrine) {r?\in iso:‘meitr?:?)':i(ziggsgy(MAO)
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TRPA1 channels in
the vasculature

Sensory
Scott Earley caz’ NQI’VQ
AITC
allicin
CA
4-ONE

Figure 1

Activation of TRPA1 channels in sensory nerves causes arterial dila-
tion. Allyl isothiocyanate (AITC), allicin, cinnamaldehyde (CA) and
4-oxo-2-nonenal (4-ONE) activate Ca?* influx via TRPA1 channels in
sensory nerves, causing release of calcitonin gene-related peptide
(CGRP) from perivascular terminals. CGRP binds to its G protein-
coupled receptor (GPCR) on the plasma membrane of vascular
smooth muscle cells (SMCs) to cause membrane hyperpolarization

and myocyte relaxation.



