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Long-term Synaptic Plasticity

When an axon of cell A is near enough to excite a

cell B and repeatedly or persistently takes part in firing
it, some growth process or metabolic change takes
place in one or both cells such that A’s efficiency, as
one of the cells firing B, is increased.

— Donald O. Hebb, 1949

Donald O. Hebb
(1904-1985)

Long-term potentiation (LTP) is a long-term results of
A causing B to fire.
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LTP properties

A. cooperativity B. associativity C. Synapse specificity
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LTP was discovered in the
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Receptor types: lonotropic and Metabotropic

Dendritic
spine

Kandel, Schwartz, and Jessell (2000)
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NMDA Receptor: Voltage-gated, lonotropic Receptor
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The Human Brain: An Introduction to Its Functional Anatomy (1999) John Nolte
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Current-Voltage Relation Shows Mg-block

30 pA (current)

Mg*2free solution

Mg+2 ions block NMDA receptor channels in a voltage-dependent
manner. In Mg+2-free solutions, the I-V curve is linear. When Mg+2is
present, current amplitude is reduced at negative potentials (from
Nowak et al., 1984, Fig. 1).
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Presynaptic fiber

H
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LTP Induction Hypothesis

High calcium concentration initiates processes that lead to synaptic potentiation.
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Ca2+ Influx via NMDA Receptors Signals Synaptic Change

/ Kandel, Schwartz,
and Jessell (2000)
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Pathways that control four postsynaptic physiological processes

that are crucial for synaptic plasticity:
1. regulation of AMPA- type glutamate receptors

2. polymerization of the actin cytoskeleton

3. local protein synthesis

4. gene expression
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LTD LTP
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Figure 1 | Endocytosis of cell-surface signalling receptors. Several basic steps have been identified in the requlatad endocytosis of a number of membrane
signalling receptors. Following binding of the receptor by ligand, activation of downstream signalling pathevays results in the phosphorylation of the receptor. This
midification allows for the interaction of the receptor with adaptor proteins that couple it to the clathrin endocytic machinery. Clathrin-coated pits that cortain the
receptor subsaquently invaginate and bud off from the call surface. Dynamin is believed to be involved inthe fission of the invaginated pits. After endocytosis, the
receptors can recycle back to the plasma membrane, be targeted for degradation in lysosomes or continue to serve some signalling function. Many receptor tyrosine
kinases dimerze and autophosphorylate as a result of ligand binding.
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Simple, schematic model of frequency-selective,
Ca-dependent induction of LTP and LTD
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a Reactions modelled b Calcium signalling in a spine
with ordinary differential
equations

Reacting molecules well-mixed; Spatially-inhomogeneous environment;
reaction rates diffusion-limited many reactants immobilized

Nature Reviews | Neuroscience
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Model of LTP Induction in Cerebellar Granule Cells

Enzyme kinetics were calculated in a compartment coupled electrotonically to a dendrite, effectively voltage
clamped to the electrical cell. In this “chemical compartment” Ca®* influx occures via high threshold Ca**
channels and as a fraction of the NMDA recepior current.
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Chemical Reactions are Represented by Differential Equations

To compute the changes in chemical concentrations that lead to synaptic plasticity, we converted the kinetic
reactions into differential equations that we could numerically integrate.
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Induction mechanism for LTP
and simulated concentration transients of critical metabolites
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Monte Carlo Simulation Provides Extreme Detail
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Glutamate spillout from cleft
Full uptake

Kevin M. Franks
Thomas M. Bartol Jr.
Terrence J. Sejnowski
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Biophysical models of synaptic plasticity

Well-mixed Compartmental, differential Monte Carlo
bag o’ chemicals equations molecular model

Computationally Computationally Computationally
efficient sluggish expensive
No structure Some structure Exact structure

Course website: http://www.bme.ogi.edu/BMEBBS/
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36_synPlast_def.psd

Short-term Synaptic Plasticity:

A time-dependent change in synaptic strength
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(CF) Climbing fiber to Purkinje cell EPSCs
(PF) parallel fiber to Purkinje cell EPSCs
(SC) CA3 to CA1 Schaffer collateral EPSCs

Dittman et al., J Neuroscience, 2000, 20(4):1374-1385
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Facilitation and Depression are Dependent
on Presynaptic Calcium lon Level.

(A) Low Ca*
(B) High Ca*
(C) Normal Ca*

One possible mechanism for
facilitation and depression

is changes in release probability
of the presynaptic terminal.
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(Zucker, 2002)
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(1) AP waveform

(2) Ca2+ channel activation
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8) Ca2+-ATPase, regulating residual [Ca2+]i in augmentation

9) mitochon- drial regulation of residual [Ca2+]i in PTP
10) postsynaptic receptor desensitization.
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Probability of transmitter release and synaptic transmission:
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with P the release probability after a long period of silence
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Steady-state release probability for a presynaptic Poisson spike-train:
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Combination of Facilitation and Depression
Yields Temporal-Pattern Selective Neurons
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