:ﬁ.::;f live once, Wrong! We only

die once. We live
every day!




=30 Lede ULl G F,
MedioMesgdledold) o ©)




NEUROMUSCULAR JUNCTION &
TRANSMISSION




LEARNING OBJECTIVES

Explain the mechanism of transmission of impulses from nerve endings to muscle fibers

Explain Formation and Secretion of acetylcholine at nerve terminals
Describe Action of acetylcholine at postsynaptic membrane
Describe Degradation of released acetylcholine

Describe End plate potential




LET’S RECALL OUR PREVIOUS
KNOWLEDGE...

m Somatic Nerves

m Synapse
m Neurotransmitters
m Action potential in nerves

m Types of muscle fibers




PART 1 - THE NEUROMUSCULAR JUNCTION




NEUROMUSCULAR JUNCTION

The neuromuscular junction is a specialized form
of a chemical synapse comprised of an alpha
motor neuron and the muscle fiber it innervates.

Motor nerve S5
Synaptic vesicles

" Pre synaptic membrane

Ca*™ channels ACh receptors

Sarcolemma —»

Subneural folds

Muscle fiber

Post synaptic membrane Synaptic cleft
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JUNCTIONS VS. SYNAPSES

= A junction will always respond to an action potential in the presynaptic nerve.
Synapses may or may not.

Axo-dendritic Dendro-dendritic
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Compare and contrast the features of synapses
and neuromuscular junctions

Synapse Neuromuscular junction




Compare and contrast the features of synapses
and neuromuscular junctions

Synapse Neuromuscular junction




NEUROMUSCULAR JUNCTION

INTRODUCTION

Motor neurons

(Alpha motor neurons)

large myelinated nerve fibers

cell bodies located in the spinal cord or
brain stem

Motor neurons have
their cell bodies in
anterior horn of
spinal cord or in
brain stem.

Their axons are
myelinated and are
the largest diameter
axons in the body.
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NEUROMUSCULAR JUNCTION -INTRODUCTION

each nerve fiber branches many times and stimulates from 3 to several hundred
muscle fibers

usually each muscle fiber has only one NMJ
terminal nerve endings make a junction at the midpoint of a muscle fiber

AP on the muscle fiber travels from midpoint toward both ends of the muscle
fiber



Neuromuscular Junction

Copynght @ The McGraw-Hill Companies, Inc. Permission required for reproduction or display.
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MOTOR UNIT

= A single motor neuron and all of the muscle OV
fibers it innervates is called a motor unit =g P - MOTOR
= When an AP occurs in a motor neuron all LN UNITS

muscle fibers in it's motor unit contract as one
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The nerve fiber forms a complex of branching nerve
terminals that invaginate into the surface of the muscle
fiber but lie outside the muscle fiber plasma membrane

Entire structure -motor endplate.

Covered by one or more Schwann cells that insulate it from
the surrounding fluids.



Neurotransmitter |
vesicles
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Axon of motor
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PHYSIOLOGICAL ANATOMY OF THE NMJ

(MOTOR ENDPLATE)

Neuromuscular junction or motor endplate

= Axon of motor neuron branches, looses the myelin
sheath and forms several axon terminals

m Axon terminals contain vesicles resembling
vesicles found at synaptic interfaces

m Axon terminals contain the neurotransmitter
acetylcholine (Ach)



PHYSIOLOGICAL ANATOMY OF THE NMJ

(MOTOR ENDPLATE)

2. Axon terminals invaginate into the muscle fiber
Axon terminal and muscle fiber do not physically touch

Muscle fiber membrane (postsynaptic) is specialized and is

different from the plasma membrane on the rest of the muscle
fiber

3. Junction is covered by Schwann cells, this insulates the
junctional cleft from surrounding fluids and prevents some of
the loss of neurotransmitter by diffusion from the cleft



PHYSIOLOGICAL ANATOMY OF THE NMJ

(MOTOR ENDPLATE)

m  Synaptic gutter or trough - Invagination of the membrane
beneath the axon terminal (postsynaptic membrane)

m Synaptic cleft - space between axon terminal and synaptic
trough

m 20 to 30 nm wide

m Space filled with ECF, a gel of carbohydrate rich
amorphous material



SYNAPTIC VESICLES

— Size 40 nanometers

— Formed by the Golgi apparatus in the cell
body of the motor neuron in the spinal cord.

— Transported by axoplasm to the
neuromuscular junction at the tips of the
peripheral nerve fibers.

— About 300,000 of these small vesicles collect
in the nerve terminals of a single skeletal
muscle end plate.

Receptor for
neurotransmitter



THE POSTSYNAPTIC MEMBRANE

the membrane that receives a signal (binds
neurotransmitter) from the presynaptic cell and
responds via depolarisation or hyperpolarisation.

The postsynaptic membrane is separated from the
presynaptic membrane by the synaptic cleft.

Has Ach receptor which are Ach-gated channels
located near the mouths of sub-neural clefts.

Motor nerve Sl
Synaptic vesicles

Pre synaptic membrane

Ca** channels

ACh receptors

Sarcolemma —»

Subneural folds

Muscle fiber

Post synaptic membrane Synaptic cleft



SUB NEURAL CLEFTS OR FOLDS

Folds of the synaptic trough Motor nerve IS

Increase postsynaptic surface area

Location of the majority of the acetylcholine receptors
(ligand gated Na+& K+ channels)

Basal lamina and postsynaptic membrane contain many sarcolemma —
molecules of acetylcholinesterase (splits acetylcholine
into acetylCoA and choline)

Active zone of axon terminal is located over the Subneural folds
subnerural fOIdS Muscle fiber

Post synaptic membrane Synaptic cleft

Synaptic vesicles

Pre synaptic membrane

Ca*™" channels ACh receptors
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e SYNTHESIS OF
ACETYLCHOLINE

® Transportof choline is
inhibited by hemicholinium.

UPTAKEINTO

RECYCLING STORAGE VESICLES
OF CHOLINE ® Acetylcholine is protected
® Choline is taken from degradation in the

up by the neuron. vesicle.

| RELEASE OF

! NEUROTRANSMITTER
® Release is blocked by
botulinum toxin,

Spider venom causes
release of acetylcholine,

5 DEGRADATION OF
ACETYLCHOLINE

® Ac choline i |
..,,:.?.‘.,,.;‘:, v
cholinesterase in the
synaptic cleft.

BINDING TO THE
RECEPTOR
® Postsynaptic receptoris

activated by binding
of the neurotransmitter.




Choline + Acetyl CoA

Synthesis choline acetyltransferase
Reuptake
into nerve (Acetflﬁmlinaj
terminal
acetylcholinesterase
Degradation i

Choline + Acelate
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PART 2- NEUROMUSCULAR TRANSMISSION




EVENTS OF NEUROMUSCULAR JUNCTION

1. Propagation of an action potential to a terminal button of motor neuron.
Opening of voltage-gated Ca** channels.

Entry of Calcium into the terminal button.

Release of acetylcholine (by exocytosis).

Diffusion of Ach across the space.

o v A W DN

Binding of Ach to a receptor on motor end plate



Sequence Of Events At Neuromuscular Junction

Action potential

CaZ*
o g Presynaptic
o = Synaptie terminal
[
. vesicle
Voltage-gated

Ca?* channel Synaptic cleft

Acetylcholine Postsynaptic

membrane

Acetylcholine bound
to receptor site opens @
ligand-gated Na* o

channel - &




SECRETION OF ACH BY AXON TERMINALS

m 1. AP along the axon of motor neuron is propagated to axon
terminal

m 2. Depolarization of the axon terminal opens voltage-gated
calcium channels

m a. Calcium release causes Ach vesicles to fuse with the
axon terminal membranes at the active sites

m b. Ach quanta are released into the synaptic cleft



Release of acetly choline

channels open reaches terminal

Voltage-gated

CaZ" channeal Axon terminal
Ca2" Synaptic
vesicles

€ Calcium enters

D Neurotransmitter R - axon terminal
diffuses into’ - Ca2

O Neurotransmitter
removed from
synaptic cleft



= 3. Acetylcholine diffuses across the synaptic cleft and binds with
nicotinic ligand-gated channels that allow calcium, sodium, and
potassium to move across the postsynaptic membrane

= a. Electrochemical gradient across membrane favors more sodium
flux inward than potassium flux outward, very little calcium moves
across the membrane

= b. Depolarization of the postjunctional membrane occurs and is
called an EPP (end-plate potential



NMJ (MOTOR ENDPLATE)
LIGAND GATING




DESTRUCTION OF RELEASED ACH BY

ACETYLCHOLINESTERASE

m Acetylcholine is rapidly removed by two mechanisms

1. Acetylcholinesterase is located on the postsynaptic membrane and the external basal
lamina most Ach is broken down by this mechanism

2. Diffusion - small amounts of Ach diffuse out of the synaptic cleft



EPP AND EXCITATION OF MUSCLE FIBER

= NMJ postsynaptic membrane is Not electrically excitable and does not fire an AP
m EPPis alocal graded potential

= 1. EPPis analogous to an EPSP but much larger, all NMJ potentials are excitatory and
cause an AP on the adjacent postsynaptic membrane every time



PHYSIOLOGICAL ANATOMY OF THE NMJ

(MOTOR ENDPLATE)

m 2. One EPP is normally more than sufficient to cause AP generation
on adjacent skeletal muscle membrane

m 3. AP is propagated on skeletal muscle fibers from center toward both
ends so that center sarcomeres contract first (prevents excess strain
on skeletal muscle fibers and produces a stronger response faster)
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(1) Arrival of the nerve impulse.
(2) Opening of the calcium channels,

(3a) Binding of Ca'™ to synaptic vesicle,

(3b) Release of neurotransmitter to the gap.

(4) Blnnlnﬂ of neurotransmitter to receptor.

{E{ Na*enter the Opening of the channel.
&), (T) Acﬁanr#tehtial generated in the

endrite o

Presynaptic neuron

the down stréam ReaUuran.



] 1. Nerve impulse ..
runs down to

synaptic cleft

2. Acetylcholine (ACh)
neurotransmittors released
and attach to ACh receptors
in the sarcolemma

3. Action potential is propagated
along sarcolemma and down
the T-tubules

T-tubule

5, Ca.l;:ium binds to troponin to change the shape of the tropomyosin active site on
actin to allow the myosin cross bridge to attach,
Myosin pulls on actin filament to cause muscle contraction.



Myelin sheath Motor neurone

1 Impulses arriving at the neuromuscular
junction cause vesicles to fuse with the
pre-synaptic membrane and release
acetylcholine into the gap

Vesicles

Muscle fibre
membrane

3 Depolarisation *
wave travels down * § _
tubules (T system) *

6 Acetylcholinesterase

++++ 4+ +

in the gap rapidly breaks 2 Acetyicholine binds to +
down acetylcholine so receptors on the muscle ‘ +
that contraction only fibre membrane . +
occurs when impulses (sarcolemma) B % -
arrive continuously causing depolarisation LN /

Ca?" '.i.-..*..'l.!-q-"... '-:"++:.
0a?+ ol D L AT e,
cazq ----- TR

Ca*' 4 T system depolarisation leads to
Ca®" release from stores in
sarcoplasmic reticulum
(specialised endoplasmic reticulum)

5 Ca®' binds to proteins in the muscle, which leads to contraction



NEUROMUSCULAR FATIGUE

WE NEED MORE
ACETYLCHOLINE
0 CONTRACT!

S0 OUT OF SHAPE..
I CAN'T GIVE ANY
MORE ANY FASTERS






motor ena plate










Myasthenia Gravis is an autoimmune
Disease that is

characterized by a decrease in
number of AChR
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RECOMMENDED BOOKS /

RESOURCES

m Text book of Medical Physiology-Guyton
and Hall

m Principles of human Physiology-
Lauralee Sherwood

m Color Atlas of human Physiology

m Dr najeeb lecture on NMJ







