BIO-311 Neuroscience

Unit 3: Synaptic Transmission



Summary

Nerve terminal

Quantized presynaptic transmission

Ca2+ regulation of vesicle fusion; SNARE proteins, Synaptotagmin
EPSP versus EPSC

Glutamatergic receptors: roles and mechanisms for AMPA versus NMDA
GABA as an inhibitory transmitter; GABAA

Inhibitory postsynaptic potential, IPSP

Integration of excitatory and inhibitory synaptic inputs in the dendrite of
neurons

Gap junctions

e Neuromodulation



Discrete events throughout neuronal activity

Single channels: open or close
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Synaptic transmission: quantized
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Synapses: electrical vs. chemical

(A) Electrical synapse (C) Chemical synapse

e Chemical synapses: more
common, slower, works by ey apts
signaling through chemical o g S
neurotransmitters @

e Electrical synapses: less common,
much faster, works by direct

Postsynaptic
current flow across cells junction l
(B)

Microtubules

y\\Cytoplasm Presynaptic

Postsynaptic
neuron

Neurotransmitter released ]

(D)

Synaptic
vesicle fusing

Ton current flows through
connexon channels.

Presynaptic °
membrane  © °

Presynaptic membrane

.o ° ./.o ....

o °Y, Postsynaptic
Postsynaptic °

o © \ O

° \/ ° neurotransmitter Postsynaptic
brane Connexons receptor Ions flow through membrane

= postsynaptic channels.



Electrical synapses

e Neurons physically touch each other at sites called gap

junctions

e |on current flows through ion channels called connexons that
are present on both pre- and postsynaptic membranes

e Advantages:
o Very fast — direct current
flow(hence “electrical” synapse).
This is useful for critical tasks like
escape.
o Can be bidirectional. This is
useful for synchronization.
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Chemical synapses =\ "

e Works by chemical signaling via &
neurotransmitters
° C82 + Channels \ the presynaptic terminal.
o Open when an action
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An action potential invades

Transmitter is
synthesized and then
stored in vesicles.

E) Depolarization of presynaptic
terminal causes ogening of
voltage-gated Ca?* channels.

Y Influx of Ca?*
through channels

5 Ca?* causes vesicles to
fuse with presynaptic
membrane.

[ Transmitter is released
into synaptic cleft
via exocytosis.

.
Postsynaptic

n current flow

L]
Transmitter
receptor

Tons—

.
pa Transmitter binds to
receptor molecules in
postsynaptic membrane.

Postsynaptic current causes
excitatory or inhibitory

Opening or closing
of postsynaptic

postsynaptic potential that channels
changes the excitability of

the postsynaptic cell.




Excitatory neurotransmitters and post synaptic receptors

At resting potential During postsynaptic depolarization
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The dendritic summation of postsynaptic potentials
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Neurotransmitters

Dale's rule: A given neuron usually uses only 1 small neurotransmitter

Neuron is called  Transmitter important (defining) enzyme/transporter
"glutamatergic” glutamate vesicular glutamate transporter, VGIuT
"GABA-ergic" GABA Glutamic acid decarboxylase, GAD ® EXCItatOl'y NT:
(vesicular GABA transporter, VGAT) o G lutamate
"glycinergic" glycine (vesicular GABA transporter, VGAT) PY Inhib ItOf'y NT:
"cholinergic" ACh choline acetyltransferase (ChAT) 0 GABA
vesicular aceytcholine transporter (VAChT) .
o Glycine
"dopaminergic" dopamine Tyrosine-Hydroxylase, TH
in vertebrates these
"noradrenergic"  noradrenaline Tyrosine-Hydroxylase, TH transmitters only act on
(=norepinephrine) AND Dopamine-B-Hydroxylase Metabotropic receptors

Dale's rule is only a first approximation. There are many exceptions.




Purves, Figure 4.4

Summary: ion channels, and membrane receptors
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