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Summation of Postsynaptic Potentials

* The cell body of a postsynaptic Postsynaptic _ 8
neuron may receive inputs from
hundreds or thousands of synaptic
terminals

= Syna_ptic
bd terminals
of pre-
synaptic
neurons

* A single EPSP is usually too small to
trigger an action potential in a
postsynaptic neuron
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* Synaptic integration is the process LR
by wﬁich muﬁigle synaptic N
potentials combine within one
postsynaptic neuron



Quantal Analysis of EPSPs

* The postsynaptic membrane of one synapse may have from a few tens to
several thousands of transmitter-gated channels

* how many of these are activated during synaptic transmission depends mainly on
how much neurotransmitter is released

* Vesicles each contain about the same number of transmitter molecules
(several thousand)

* Quantum: The elementary unit of neurotransmitter release — content of a single
synaptic vesicle —

e Spontaneous release of a single vesicle causes a miniature postsynaptic potential
(mini)



Synaptic Junctions Outside the CNS

e The Neuromuscular Junction e A e S S S it
e Transmission is fast and reliable
e An action potential in the motor axon always . )
causes an action potential in the muscle cell i :
it innervates /
e One of the largest synapses in the body }
e The postsynaptic membrane of the folds is | Vs 3:5;
packed with neurotransmitter receptor g rm—




Motor neuron

Presynaptic cell
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8 Action potential
arrives at axon
terminal.
¥4 Acetylcholine is broken down and
the components are taken back up
by the presynaptic cell. Acetylcholine
and vesicles are recycled.
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membrane, :

their cation channels and
depolarize the postsynaptic
membrane,

Acetylcholine molecules Postsynaptic cell
diffuse across the synaptic (muscle cell)
cleft and bind to receptors on

the postsynaptic membrane,




e At the neuromuscular junction, single action potential in the
presynaptic terminal triggers the exocytosis of about 200 synaptic
vesicles, causing an EPSP of 40 mV or more.

* At many CNS synapses, the contents of only a single vesicle are
released in response to a presynaptic action potential, causing an
EPSP of only a few tenths of a millivolt



Summation of Postsynaptic Potentials

* Individual postsynaptic
potentials can combine to
produce a larger potential in a ;
process called summation s W
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At the axon hillock (high number v,

of Na+ channels) ' i
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Summation of Postsynaptic Potentials

* In spatial summation, EPSPs

produced nearly simultaneously Spatal summaton
by different synapses on the - Tempora summaton
same postsynaptic neuron add — 2 S
together g

4 A / /

* |f two EPSPs are produced in
rapid succession (1-15 msec) by
the same synapse, an effect
called temporal summation
occurs m

EPSP
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The Spread of Current Through Neurons

* The effectiveness of an excitatory

synapse in triggering an action Vi
otential, therefore, depends on iect
ﬁow far the synapse is from the I
action potential-initiation zone and W ootV g RenordVe
on the properties of the dendritic !// //
membrane. i( e -
* Passive spread of current @ Dendrtccabe o

AV, = AV e*/*
A =square root (r/r,)
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e Lambda is the “length constant”

Percentage of
depolarization at the origin
w
~

e At a distance lambda, the membrane ‘ ‘
depolarization (V), is 37% of that at the origin 0 \ y  —

(b) 7y Distance along
dendrite
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* Dendrite membranes are
electrically passive —lacks
voltage gated channels

* Exception; apical dendrites of
pyramidal cells of the cerebral
cortex
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Synaptic Inhibition

* Most synaptic inhibition is mediated by GABA-gated CI- channels
* B is-65 mV
* If membrane potential is less negative than -65mV, GABA mediates
hyperpolarizing IPSP
* Two Mechanisms
* Hyperpolarization

e Shunting Inhibition: Inhibiting current flow from dendrites and soma to axon
hillock



Shunting Inhibition: Inhibiting current flow to axon hillock

* Increasing membrane conductance will e —~ —
decrease membrane length constant -z - MR
* Opening any channel will cause an EPSP i e
to decay over a shorter distance S
* Shunting inhibition: It prevents
depolarizing current from reaching the i, |
axon hillock and eliciting an action 2 )
potential. yd
* the inward movement of negatively
charged chloride ions, is equivalent to oo IR .o |

()

outward positive current flow
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Synaptic Modulation

* Synaptic transmission that modifies
effectiveness of EPSPs generated by
other synapses

* Activating NE B-receptors
* Close K* Channels

* Decreasing the K* conductance increases
the dendritic membrane resistance and
therefore increases the length constant

e Distant or weak excitatory synapses will
become more effective in depolarizing
the spike-initiation zone beyond
threshold; the cell will become more
excitable

j receptor

NE

Adenylyl
/cyclase
/

G-protein

Potassium
channel
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Synaptic Plasticity



Synaptic Plasticity

* The strength of a synapse can change; it is “plastic”
* A neuron can therefore select its own synapses

 Synaptic plasticity is thought to be the main mechanism of learning
and memory

Nerve Cells that Fire Together ... Wire Together
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Learning

e Glutamate is the most common excitatory

neurotransmitter in nervous system
45,16 Two lon:

receptors allow

(B) NMDA recep
cell, but responc
vation of the AV
NMDA receptor,

* lonotropic glutamate receptors

 AMPA cell because of ¢
* Rapid influx of Na+
* NMDA Strong depolarization of the

* Slow and longer lasting influx of Na+ and Ca?*

. . . . the NMDA receptor...
* Requires previous depolarization

cell by Na* influx displaces
@ MgQ‘, which was blocking
(J C

e At rest NMDA receptors are blocked by Mg2+
* Depolarization by AMPA removes Mg2+ block
* Na+ and Ca2+ influx through NMDA

* Celular and gene changes triggered by Ca2+

...which then is
open to both Na™
and Ca%*.

K Ca’" acts as a second
messenger, triggering

AMPA receptors |
allow rapid

* By repeted high-frequency stimulation the influx of Nat,
magnitude of the postsynaptic response is
enhanced (long term potentiation-LTP)

\Postsynaptic e
cell

long-term cellular change.




* Now, the postsynaptic cell is more sensitive to
glutamate because it has more receptors to 0.
respond to it. Additionally, there are thought to be =
signals that travel back across the synapse to conuE
stimulate greater levels of glutamate release. All of
this makes the synapse stronger and more likely to
be activated in the future.

OLong-I ting increase
in glutafhate synthesis
and rel@ase

€3 Glutamate
is released

e This process is also associated with changes in
gene transcription in the neuron, which can lead to E
the production of new receptors or modifications -
to the structure of the cell. These changes seem to

» OGlutamate
1 Dbinds to

- Retrograde
yNa* both channels \

messenger

v ) Depolarization
drives Mg2*

e ion out of pore

be important for making the increased °L‘:'§§2.22’es - /
. . cell by
responsiveness of LTP long-lasting. 20-30mv

receptor /

Postsynaptic cell G Ca?* entry activates —ipe O Long-lasting increase

T o e second-messenger in glutamate receptors
systems and sensitivity



Presynaptic
terminal

Presynaptic
\ terminal

Presynaptic
\ terminal

.....

Postsynaptic
terminal

Postsynaptic
terminal

Postsynaptic
terminal

The NMDA receptor is Some AMPA receptors are Low-frequency stimulation
activated by glutamate present in the membrane results in a different Ca®*
binding, but only after initially. In response to an -signaling cascade. AMPA
depolarization removes increase in intracellular Ca2*, receptor is removed from
inhibitory Mg?*. Once the more are inserted. the membrane, and as a
Mg?* is removed, Ca?* can result, the nerve cell
enter the cell. becomes less responsive
to glutamate.




After repeated stimulation stronger postsinaptic
potential by increase in the number of AMPA
receptors

Initial State Repeated 1 week Later
Stimulation
——3 LTP
- ?
090
Y Ca?+ ¢
L




AMPA and NMDA
Receptors
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Neural Circuits

* Complex neural circuits are possible because of
associations such as convergence and divergence



Convergence

* A single neuron is affected by
converging signals from two or
more presynaptic neurons

* Allows CNS to integrate incoming
information from various sources

(a) Convergence of neural input.
Several presynaptic neurons synapse

with one postsynaptic neuron.
© 2007 Thomson Higher Education



Divergence

* A single presynaptic neuron
stimulates many postsynaptic
neurons

* Allowing widespread effect

(b) Divergence of neural output.
A single presynaptic neuron synapses
with many postsynaptic neurons.



Reverberating Circuits . %:( i
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* Important in
: : (a) Simple reverberating circuit. An axon collateral of the second
°
rhyth mic breath | ng neuron turns back on its own dendrites, so the neuron continues to

imul itself.
 mental alertness stimulate ftse

* short-term memory M
e
Axon collateral

o
—_—
3

* Depend on positive feedback Y —

(b) Reverberating circuit with interneuron. An axon collateral of

* new impulses generated again and intern .
the second neuron synapses with an interneuron. The interneuron

synapses with the first neuron in the sequence. New impulses are

again until synapses fatigue
triggered again and again in the first neuron, causing reverberation.
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