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What iIs a neurotransmitter ?

O A neurotransmitter is a chemical substance that is:
O synthesized in a neuron,

Pa

released at a synapse following depolarization
of the nerve terminal (usually dependent on
Influx of calcium ions),

O binds to receptors on the postsynaptic cell
and/or presynaptic terminal

O to elicit a specific response.



Characteristics of a
neurotransmitter

O A chemical substance that:

O Is synthesized and stored in a presynaptic neuron (the
enzymes needed for its synthesis must be present in the
neuron),

O Is released at a synapse following depolarization of the
erve terminal (usually dependent on influx of calcium
lons),

O binds to receptors on the postsynaptic cell and/or
presynaptic terminal,

O elicits rapid -onset and rapidly reversible responses in
the target cell,

O Is removed or inactivated from the synaptic cleft.



Types of neurotransmitters

O Small-molecule

O Amines (acetylcholine, epinepherine , dopamine, histmaine ,
serotonin, norepinephrine, etc.)

O Amino acids (glutamate, aspartate, glycine)

O Neuropeptides

O Gases (nitric oxide)

O Each neuron synthesizes only those neurotransmitters that it  uses for
transmission through a synapse or to another cell.

O The neuronal tracts are  often identified by their neurotransmitter; e.g, a
dopaminergic tract  synthesizes and releases the neurotransmitter
dopamine .

O More than one transmitter (usually a small  -molecule transmitter and a
neuroactive peptide) coexist in many mature neurons (e.g., most spinal
motor neurons contain acetylcholine and calcitonin gene -related
peptide).
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Structure of neurotransmitters

Copynght © The McGraw-Hill Companies, Inc. Permission required for reproducticn or display.
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Neuron may contain

O (1) more than one small -molecule
neurotransmitter

O (2) more than one neuropeptide
neurotransmitter,

O or (3) both types of neurotransmitters.

O The differential release of the various
neurotransmitters is the result of the neuron
altering its frequency and pattern of firing.




The nature of the response

O Excitatory or inhibitory

O Does not depend on the chemical
nature of the transmitter.

O Depends on the type of receptor being
activated and the ion species that
becomes more permeable.




Neuropeptides




Introduction

O Usually mediate slow, ongoing brain functions

O More than 50 neuropeptides have been described
O Behavior

ain perception

Memory

O Appetite

O Thirst

O Temperature
O Homeostasis
O Sleep



Neuropeptides: neurohormones
or neurotransmitters ?

O Neurohormones: a messenger that is released by
neurons into the haemolymph and exert its effects
on distant peripheral targets, e.g (TSH, GH)

Pal

rotransmitter: a messenger released from a
uron at an anatomically specialized junction,
hich diffuses across a narrow cleft to affect one
or sometimes two postsynaptic neurons, a muscle
cell, or another effector cell.
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Classification of neuropeptides

O Peptides can be grouped by structural and functional similarity.

Neuropeptide Families

Tachykinins : substance P, bombesin |,
substance K

Insulins: insulin, insulin-like growth factors
Somatostatins : somatostatin , pancreatic
polypeptide

Gastrins: gastrin, cholecystokinin

Opioids : opiocortins , enkephalins
dynorphin

A Vasopressin and oxytocin share 7 of 9
amino acids, but have different
functions.

A Opiate peptides share a common
sequence, but are receptor-selective.

A The three glycoprotein hormones from
the anterior pituitary, TSH, LH, and
FSH, share a common U subunit, but
have distinct b subunits.

A WA

Opiate Family
Name Amino Acid Sequence
Leu-
enkephalin Tyr-Gly -Gly -Phe-Leu-OH
Met -
enkephalin Tyr-Gly -Gly -Phe-Met -OH
Tyr-Gly -Gly -Phe-Met -Thr-Ser-
Glu-Lys-Ser-GIn-ThrPro-Leu-Val -
Beta - Thr-Leu-
endorphin | Phe-LysAsn-Ala-lle-Val-LysAsn-
Ala-
HisLysGly-GIn-HisOH
Tyr-Gly -Gly -Phe-Leu-Arg -Arg -
Dynorphin lE224i)-
ynorp Pro-LysLeu-Lys Trp-Asp-Asn-
GIn-OH




Stages of action

O Synthesis (ER and Golgi apparatus)
O Packaging into large -dense core

vesicles (with modifying enzymes)
O Transport (fast -axonal transport)

O During the transport, proteases cleave
the precursor neuropeptide into the
final mature form.

O Release

O They are released gradually over
time in response to general
Increases in the level of intracellular
calcium.

O Action (prolonged)

O Termination by diffusion and
degradation (no reuptake)

Rough
endoplasmic
reticulum

H Axonal
H transport

Microtubule

@ Cleavage of propeptide
to smaller peptide
neurotransmitter

Action potential
depolarizes the terminal
degradation Exocytosis Ca2
Ca? influx throu%h
voltage-gated Ca*'
channel



The action of the neurotransmitter

/ IS terminated through:

O Reuptake into the
presynaptic terminal

Action
potential
Presynaptic /

O Uptake into glial cells

e,

Storage vesicles

O DIfoSIOn away from the containing neuro-

og..: Déh ol Ca?t
D%%aﬂ B/ 00

An action potential in the
presynaptic neuron allows Ca®

fransmitter = - ,;%%3 .;%%8 to enter and stimulate exocytosis
S n a. Se g i | ooy Ca® of the neurctransmitter.
y ynaptic 905/ (0%
cleft ________I Q8o

| The neurotransmitter binds to

proteins in the membrans of the
postsynaptic neuron, causing
channels to open that allow the
narve impulse to be propagated.

O Enzymatic inactivation. 7

——

U May occur inthe
postsynaptic terminal |, the ,
presynaptic terminal, or an |

The neurotransmitter is then
rapidly degraded, or internalized
by either the presynaptic cell or

adjacent astrocyte e
mlcrog“a Ce” or in FIG. 48.3. Action of neurotransmitters.
endothelial cells in the brain

capillaries.
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O Alternative splicing
of MRNA leads to
translation of
distinct precursors,
and subsequent
processing leads to
unigque mature
peptides.

O Example is the
substance P
MRNA that
normally also
iIncludes mMRNA
encoding
substance K.

\\

Diversity: alternative splicing

Substance P Neurokinin A
N M n I N ul l—
L L u u U U | B
1 2 3 4 5 l 6 7
Transcription;
(— Alternate splicing of RNA j
(— «-PPT mRBNA B-PPT mRNA ¥-PPT mRNA W
|
Translation Translation Transiation
1 | | 11 1 | | 11 1| |

Exons 2,3,4,5,7 (not 6) Exons 2,3,4,5,6,7 (all)

|
Post-translational
processing

|
Post-translational
processing

Substance P [_]-NH, Substance P [_]-NH,
Neurokinin A [0]-NH,
Neurokinin A(3-10) [-NH,

Neuropeptide K _IJ-NH,

Exons 2,3,5,6,7 (not 4)

|
Post-translational
processing

Substance P[_1-NH,
Neurokinin A [2J-NH,
Neurokinin A(3-10) E-NH,

Neuropeptide [ I-NH,



Diversity: proteolytic, differential,
seqguential processing

O Neuropeptides are produced from a longer precursor
protein by

O Proteolytic processing.

O Vesicular packaging of different proteases that recognize
different cleavage sequences

O Hiding a proteolytic site by post  -translational modifications
(example: addition of a carbohydrate side chain).

~

O Tissuespecific coiiii‘s.‘f;i‘é;izs:ds—ml I,L:Hl 1) — Noopite actiy
Anterior pituitary corticotropes

Processing of the pro-opiomelanocortin ' A
(POMC) precursor proceeds in an ordered, '"*g;mﬁ;eeﬁr;::w ,’:;ﬂ“:;z
stepwise fashion. Some of the reactions are "Ts"f”m"s pJ
tissue specific. ACTH, adrenocorticotropic ONS behavioalactons__ gty |
hormone; CL/P, corticotropin-like e aan
intermediate lobe peptide; JP, joining N Tenus | NTSngurons:
peptide; LPH, lipotropin; MSH, melanocyte- l AC_LL;&;W”
stimulating hormone; PC, prohormone A°}$SF;””2 ":cl‘i[ﬂ;;?’ Lm‘kp
convertase. S So—

inactive on adrenal cortex AR A
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Minutes-hg

The levels of regulation of
neuropeptide expression

Nucleus
Transcription factor binding

Changes in mRNA synthesis or splicing

Additional precursors, enzymes expressed \
Ribosomes/ER
Translation rate changes
with pre-existing or new mRNA

\

Golgi/ TGN

Oligosaccharide maturation
Aggregation of propeptide with

enzymes, other granule proteins
\ LDCV /
Processing
Storage
Degradation? /




Small-molecule
neurotransmitters




Types of small-molecule
neurotransmitters

O Nitrogen -containing molecules
O amino acids and their derivatives

O intermediates of glycolysis and the
Krebs cycle (TCA cycle)




Stages of action
|

Synthesis of enzymes
O RER in the cell body

O ERGolgi apparatus (packaging into
large -dense core vesicles)

Transport of enzymes (slow and fast -
axonal transport)

Synthesis in pre-synaptic terminal
Packaging in synaptic vesicles
Release

O They are released in brief pulses each time
an action potential triggers the infulx of
calcium

Action (short)

Termination by diffusion, re -uptake, or
Inactivation

A\ \
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Nucleus
Nuclear
R X membrane
Rough @ \
[ )

endoplasmic
reticulum

Ribosome

Golgi 2
apparatus

]

1
J

H transport

Microtubule

|- Synthetic

® | @/ enzyme

'® e _»o:: S Neurotransmitter

Neurotransmitter
enters the vesicle via
transporter proteins

Vesicle containing

A neurotransmitter
= Action potential
Precursor b depolarizes the terminal
Exocytosis

Ca2r Ca2* influx throu%h
voltage-gated Ca=*
channel



Role of calcium

Cell Soma Synapse

Small 5',rnapt|c:
Mucleus vesicle

Trans-Golgi Axonal O Gah
network transport

Golgi ‘/Initial processing

Final processing
| Storage
Initial synthesis

Ribosome LN'F dense
% cl:rru vesicle
Endoplasmic J,
reticulum Saoretion

A Vesicles are located further away from the presynaptic
membrane and away from area of Ca influx
A Cainflux can be from external or internal sources.




Cell Soma

mall synaptic
Nucleus vesicle

Trans-Golgi Axonal
network transport

[Ca+] = 50-100 uM

Golgi Initial processing T

e | | [Cat] = 0.1 uM
Final processing

( Storage

Initial synthesis

\ Hibosome Large dense
% core vesicle

Endoplasmic l

reticulum ]
Secretion




Presynaptic membrane (thin section)

Vesicle
fusions

A The fused vesicular membrane is retrieved and
recycled within a minute by a complex process called
endocytotic budding.

A Several proteins, including clathrin, form a basket-like
lattice on the remnants of the fused vesicle giving the
appearance of a coated pit which is then pinched off
from the presynaptic membrane by another protein
called dynamin

Coated
vesicles



Proteins and exocytosis

The SNARE proteins in the vesicular and presynaptic membranes
form complexes in close apposition of the vesicular and the
presynaptic membranes. The influx of Ca 2+ ions as a result of
depolarization into the terminal allows for calcium ions to interact
with synaptotagmin , leading to fusion of the vesicular and
presynaptic membranes.

s Synaptobrevin
e Synaptotagmin
mm—— SNAP-25

s Syntaxin




Differences between
neuropeptides and small molecule
neurotransmitters

O Onset and duration of action
O Synthesis, transport, and packaging

O Concentration for action and receptor
binding

O Concentration of [Ca+] for release
O Site of synthesis, modification
O Fate




Synthesis of
neurotransmitters

O Most are synthesized from amino acids,
Intermediates of glycolysis and the TCA
cycle, and O 2 in the cytoplasm of the
presynaptic terminal.

O The rate of synthesis is generally
regulated to correspond to the rate of
firing of the neuron.




Tyrosine-Derived
Neurotransmitters

Dopamine, norepinephrine, and epinephrine




Notes

O Role of cofactors

O S-adenosylmethionine  (methyl
transfer)

O Pyrodoxal phosphate (vitamin B 6):
transamination, decarboxylation

O Tetrahydrobiopterin (BH 4)
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Leaking




