
What is LTP?

Tetanic stimulation increases the magnitude of the population EPSP

Or, increases slope of the initial EPSP
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Pairing activity in presynaptic and postsynaptic cell can also induce LTP

Associative LTP
Fast stimulation of one presynaptic neuron coupled with no stimulation of another

→ Strengthen first synapse, not the second

Pair with slow, subthreshold (to generate LTP) stimulation

→ Strengthening of second synapse
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Molecular Biology Primer
A receptor is a protein

(Almost) everything is a protein
An enzyme is a protein that makes a reaction go (catalyzes)

DNA codes for proteins (DNA → mRNA → Protein)

Proteins are polypeptides (= long chains of amino acids)

Some proteins (e.g., NMDA channel) are made up of multiple subunits
Proteins have a definite 3-D shape

An important structural feature is the receptor site
A ligand is anything that binds to a receptor site

Many proteins have two different conformations (reversible)

Ligand binding can change a protein’s conformation (e.g., ion channel)

So can phosphorylation (= addition of a phosphate group)

ATP is the biological energy molecule

Energy is released by hydrolysis (release of phosphate group) of ATP

This energy can be coupled to a reaction by phosphorylating an enzyme

A protein kinase catalyzes this phosphorylation reaction
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Is LTP a Memory Mechanism?

Look at experimental evidence, try to find:

LTP-like results of learning

Effect of using LTP-inducing phenomena in learning task

Effect of induced LTP on learning

Effect of pharmacological blockers of LTP on learning

Genetic knockouts that affect both LTP and learning

 Use LTP inducing stimulation as CS in conditioning experiment

High-frequency perforant-path stimulation as CS in footshock avoidance task

Increases in field EPSPs paralleled learning across days

LTP-like change in response only seen after start of second day – suggests consolidation

Poor learners failed to show change in response

Dentate gyrus lesions prevent perforant-path stimulation to be used as CS

Similar study

CS-US association only occurred when stimulation enough to induce LTP-like changes

Prior tetanization of commissural fibers, which inhibits 

LTP-like changes, produced defecits in learning

NMDA agonist blocked LTP-like changes and ability of stimulation to serve as CS

However…

What’s this got to do with normal function of LTP in learning?

Correlations may merely reflect an increase of salience of CS

Does the induction of LTP influence learning?

Nicitating membrane response (NMR) classical conditioning

LTP induced unilaterally in perforant path facilitated subsequent conditioning

However, this task does not depend on hippocampus, so this 

induced LTP might not be directly influencing learning

Circular maze learning (Morris Water-Maze)

Learning disrupted by saturating LTP stimulation of the angular

 bundle either prior to or immediately after learning

LTP saturated prior to learning – disrupted acquisition of the Morris Water-Maze!

LTP induced after learning was established did not disrupt performance

Low-frequency, non-LTP-inducing stimulation did not disrupt performance

If LTP was allowed to decay, it did not disrupt performance

Pharmacological Studies

ICV administration of AP5 on Morris Water-Maze

Impaired acquisition of the maze and completely blocked perforant-path dentate LTP

No acquisition of new location in reversal tests

However, rats falling off platform – apparent sensorimotor defecits

Could be overcome with pretraining, AP5 still produced defecits

Dose-response curves (AP5)

Identical curves for impairment of spatial learning and blocking of LTP

Same concentrations, measured in brain (HPLC), for both effects

No concentration of AP5 that blocked LTP didn’t disrupt learning

AP5 administered after acquisition had no effect on retrieval of information

It did, however, block learning in subsequent reversal tests

mGluR agonist

Did not affect acquisition, but did produce deficits in retrieval

Attenuated magnitude of perforant-path dentate LTP

Opioid-receptor antagonists

Naloxone 30 min. before training impairs MWM on day 3 of training

Local administration of dynorphins to hippocampus impairs spatial learning and induction 

of LTP in mossy-fiber CA3 and perforant-path dentate

Knockout Studies

fyn-knockouts

Altered amount of current necessary to induce CA1 LTP

Unable to learn location of hidden platform in MWM

But… hippocampal anatomical abnormalities, impaired visual function

Could learn the task, could show LTP → inconclusive

α-CaMKII knockouts

Reduced probability of LTP induction

Learned to find platform, but slower

Mutant mice took just as long to find platform when it was in original 

position as they did when it was at random sites

Fewer place cells, more scattered and less stable

PKCγ knockouts

Probability of LTP induction reduced

Very mild spatial deficit 

Deficits in contextual-fear conditioning

Knockout GluRε subunit of NMDA receptor

Reduced magnitude of induced LTP

Again, mild spatial deficits

mGluR1 mutant

Reduced magnitude of LTP

Impairment in contextual-fear conditioning

Another group:

Normal LTP in all pathways except mossy-fiber CA3, where they had severe defecits

No learning in MWM

Also, loss of righting reflex and reduced locomotor activity

Hippocampal-only NMDAR1 knockouts

No LTP in CA1

Impaired learning of MWM

Performed at chance on probe trials

Larger place fields, cells with overlapping fields lacked correlated activity

CREB mutants

Impair LTM but not STM

No impairment on spaced trials, impairment in massed trials

mGluR1 mutants – cerebellum

Impaired LTD

Deficit in eyeblink conditioning

Is LTP a mechanism of learning?
Promising studies:

Show LTP-like potentiation after learning

Pharmacological blockers and knockouts that show partial defecits in both LTP and learning

All the studies have their problems

LTP is a particularly robust phenomenon that arises from the intrinsic properties of neurons

Shows activity-dependent synaptic modification

Normally, synaptic modifications are probably more subtle

Look at changes in firing across ensembles of neurons across learning

“Memory” is a complex, multi-dimensional set of processes mediated by 

multiple biological processes in multiple brain structures

LTP also has many forms, with many parameters, playing roles in multiple learning mechanisms

How is activity mediated by memory systems?

What are the different parameters of synaptic modification in different systems?

What is the role of these different parameters in memory?

