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Lower motor neuron

° a motoneuron

— Innervation of contractile
elements
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Stretch reflex
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Lower motor neuron
Topography

Motor nuclei Short propriospinal Long propriospinal
interneurons nterngurons

Lt
Lo

Dorsolateral Ventromedial
motor nucleus motor nucleus
(to limb muscle) {to axial muscle)
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Motor unit

e Atypical muscle is innervated
by about 100 motoneurons
which are localized in motor
nucleus
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Motor unit

A typical muscle is innervated
by about 100 motoneurons
which are localized in motor
nucleus

Each motoneuron innervate
from 100 to 1000 muscle
fibers and one muscle fiber is
innervated by a single
motoneuron

The ensemble of muscle fibers
innervated by a single neuron
and corresponding
motoneuron constitutes the
motor unit




Neuromuscular junction

(T} The action potential (AP}
| propagates along the
| sarcolemma and down the
T tubiles.,

Selting the stage
The events at the neuromuscular
junction (NMJ) set the stage for

| @Bill:lmn ions are reloased.

E-C coupling by providing cius
AGILATRCH: i A et ool | 7 tuinles of the iriads causes the
binds to receptor proteins on the - - | weltage-sensitive tubule proteins 1o
sarcolemma and triggers an action it change shape. This shape changs
potential in a muscle fiber. of A (I Py opans the Ca™ relesse channels in

the terminal cisterms of the

Axon terminal of | sarcoplasmic reticulum (SR)

rrolar neuron 81 NKMJ allowing Ca’* 1o flow into the

eytosel.

Action potential "
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=5 -
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-
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i a ; blocking active sites
g —— My O8N B calcium binds to
e L troponin and removes
“« a? o l the blocking action of
LR -Gt b yosin. When Ca™
s 8 & binds, troponin changes
* LT a shape, exposing binding
@ ., - i Active siles exposed and sites for myosin (active
s ready for myosin binding sites) on tha thin filamants.
- e
I @Gﬂu!rﬂcﬂun bagins:
-— Myosin binding 1o actin
forms cross bridges and
- =| contraclion (cross bridge
Myasin eyeling) begins. At this
Cross b paint, E-C coupling is over.
bridge [

The aftermath

Whaen tha muscle AP ceases, the voltage-sensitive tubule protains raturn
to their original shape, closing the Ca?* release channels of the SR, Ca?+
levels in the sarcoplasm fall as Ca?* is continually pumped back into the
SR by active transport. Without Ca?*, the blocking action of tropomyosin
is restored, myosin-actin interaction is inhibited, and relaxation occurs.
Each time an AP arrives at the neuromuscular junction, the sequence of
E-C coupling is repeated.
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Neuromuscular junction
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Muscle fibers

o Myosin heads
hydrolyze ATF and
become reanented
and energized

e Myosin heads
bind to actin,
forming
crossbridges

Contraction cycle confinues if
ATP is available and Ca®™ leval in
the sarcoplasm is high

o As myosin heads
bind ATP, the
crossbridges detach
from actin

Myosin heads rotate
toward center of the
sarcomere (power
siroke)

http://www.sivabio.50webs.com/mus019.jpg



Types of muscle contraction

* |sotonic contraction * |sometric contraction
> Constant tension > Muscle does not shorten
» The muscle shortens during during contraction

contraction

Stimulating Stimulating
electrodes electrodes

5)

Kymograph __Muscle

S > S

N ?_)‘

Electronic force
Weights transducer *
To electronic
recorder

ISOTONIC SYSTEM ISOMETRIC SYSTEM
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Types of muscle fibers

Fast fibers Slow fibers
» Performance » Endurance
» Fast fatigue-resistant — normal performance > Fatigue resistant
» Fast fatigable — high performance

{B) (€

http://www.slideshare.net/drpsdeb/presentations



Types of muscle fibers
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The recruitment of motor neurons

m. gastrocnemius in a cat

| Fast
fatigable

0 25 50 79 100
Percent of motor neurcn pool recruited
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Proprioception

* Information about the position of body
parts in relation to each other

(The sum of information about lengths of
particular muscles)

Muscle
* Information about movement spindle
(The force and speed of muscle contraction)

Extrafusal
muscle fiber

» Reflex regulation of muscle activity

Golgi
tendon
organ

Tendon
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Proprioception

Information about the position of body
parts in relation to each other

(The sum of information about lengths of
particular muscles)

Muscle
Information about movement spindle
(The force and speed of muscle contraction)

Extrafusal
muscle fiber

Reflex regulation of muscle activity

Muscle spindles

— Lie in parallel with extrafusal muscle fibers Golgi

tendon
organ

Golgi tendon organ Tendon
— Arranged in series with extrafusal muscles
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Muscle spindles

Nno-force generating contractile
structures

The contractility is for spindle length
adjustment

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings
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Muscle spindles
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Muscle spindles

Nno-force generating contractile
structures

The contractility is for spindle length
adjustment

Encapsulated structure filled with a fluid

Intrafusal fibers
— Lie in parallel with extrafusal muscle fibers
(Stretch/shorten along with extrafusal fibers)

— Efferent connections (into muscle spindle)

* y motoneuron

— Afferent connections (from muscle spindle)
* Information about change in muscle length
* Reflex regulation of the a motoneuron activity

Intrafusal
muscle
fibers

Capsule

Sensory
endings

Afferent
axons

Efferent
axons

Gamma
motor
endings
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Muscle spindle

B Intrafusal fibers of the muscle spindle

Static fibers
Dynamic fibers

— Spindle length adjustment

Dynamic nuclear

bag fiber ~_

Static nuclear
bag fiber
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Static
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Muscle spindle

B Intrafusal fibers of the muscle spindle

e Static fibers
* Dynamic fibers

» Afferent connections (from spindle)

— |l — static fibers

* Information about muscle length (position)
* |a —static and dynamic fibers

* Information about muscle length and
contraction (movement)

Reflex regulation of the a motoneuron activity

Dynamic nuclear

bag fiber ~_

Static nuclear
bag fiber

_/

_~Nuclear
chain fiber

=T

Static

Dynamic
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Muscle spindle

B Intrafusal fibers of the muscle spindle

Static fibers
Dynamic fibers

Afferent connections (from spindle)

— I — static fibers
* Information about muscle length (position)
* |a —static and dynamic fibers

* Information about muscle length and
contraction (movement)

— Reflex regulation of the a motoneuron activity

Efferent connections (from spindle)
— Static y motoneurons
— Dynamic y motoneurons
— Spindle length adjustment
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Afferent signaling from muscle
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Efferent signaling into the muscle

y motoneurons
adjust the length of
intrafusla fibers
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Golgi tendon organs

Non-contractile encapsulated A

structures

Collagen fibers Ib afferent
la fibers

Mechanoreception Capsule—

Arranged in series with extrafusal
muscles

~Axon

Information about changes in tendon
tension/force

— Collagen fiber

Tendon—7

Reflex regulation of the a motoneuron 250 um
activity
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Reaction of muscle spindles and the Golgi tendon
organs to muscle fiber stretch/contraction

MUSCLE PASSIVELY STRETCHED

l |

Contraction (active)

Stretch (passive)

' : lgi tendon i
Muscle spindles reaction Golgi tendon organ reaction
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Recapitulation

Bone A
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