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Aims for this Lecture

A Know the basic framework for associative
learning.

A Know the key systems and experiments in
developing cellular models for learning and
memory.

A Understand the central role of calcium entry
as a signal in determining synaptic plasticity.



Recapitulatiori11

A Specialized transducers translate signals in th
environment into gradedand then action
potentials.

A The brain only understands action potentigls
stimulation of the afferent axons will elicit a
sensation as if the proper stimulus were

oresent.

A Feature extraction along the processing
pathway Is an important function of sensory
systems.
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to excite cell B and repeatedly or
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firing B, is increased

The Organization of Behavior: A Neuropsychological Theory (1949)
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Morphological Aspects of Synaptic
Plasticity in Aplysia
An Anatomical Substrate for Long-Term
Memory*
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FIGURE 3. Correlation between changes in varicosity number and long-term memory. Data
points represent animals trained for long-term habituation, animals trained for long-term sensitiza-
tion, and untrained (control) animals. Structural changes (total number of varicosities per sensory
neuron) are plotted against changes in behavioral efficacy. The responses of each 10-trial session,
24-48 hr foliowing the completicn of training, have been summed and expressed as a single

: H ’ Iyt ’ : FIGURE 8, Cartoon illustrating the family of structural alterations produced by long-term
medmn score cnmparecl to eaCh ammal § own pretralnlng score (SF carman s l'aﬂk correlatwe sensitization. These invalve a doubling in the number of sensory neuron varicosities, an increase
coefficient: 0.825; P < .001). (me reference 32) in the incidence of their active zones, and an increase in the neuropil arbor of the sensory neurons.

(Modified from reference 30.)
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Hippocampus

A Bilateral removal in humans causes complete
anterograde amnesia.

A Best studied role in rodents is in navidation
linking places to experiences.

A Placecells code the location of the animal
grid cells provide a coordinate system.

S5 HR

The hippocampus as a spatial map.
' e Preliminary evidence from unit activity in the
. 46 b 41 freely-moving rat

J. O'Keefeand J. Dostrovskya
aM.R.C.

«~— 6l cm —» «— 122 cm ——8
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Anatomy

Hippocampus




RodentHiipocampus

Hippocampus

CA1l
Schaffer pyramidal CA1

collaterals. . cell

Perforant path
pyramidal Mossy (from entorhinal
cell fibers ‘Dentate gyru cortex)
NEUROSCIENCE, Fourth Edition, Figure 8.6 ©2008 Sinauer Associates, Inc.
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LONG-LASTING POTENTIATION
OF SYNAPTIC TRANSMISSION IN THE DENTATE AREA
OF THE ANAESTHETIZED RABBIT FOLLOWING
STIMULATION OF THE PERFORANT PATH

By T. V. P. BLISS avp T. LUMO

From the National Institute for Medical Research, Mill Hill,
London NW7 14 A and the Institute of Neurophysiology,
University of Oslo, Norway
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LTP und LTD

A Many variants and forms of plasticity have
peen found since the original discovery.

Al ¢t -WERKYIALIZOGSYUTGAI GAZ2Y

I Typically induced by intense coincident
stimulation.

A[ ¢5 WERAYIRSLINBEAAZY QO

I Typically induced by milder nezoincident
stimulation.




Many Forms

A LTPForms can be distinguished by
I Receptor system involvel
I Associativity
I Induction

AWhere is the trigger that decides whether plasticity
takes place?

I Expression

AWhat molecular changes lead to a change in synaptic
strength?



Assoclativek NMDARDependent

AWeaLIAOI f QY TFT2NNXYEIPY2 a4/

A Occurs at the Schaffer collateraisthe CA1
region of the hippocampus.

A Presynaptic release and postsynaptic
depolarization are needed for induction.



NMDA Receptors
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Induction

A Release of glutamate
with councident
postsylantic
depolarozation

A Influx of calcium and
activationvon CaMKaIl



NMDAReceptor Activation



