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Receptive field plasticity

A Environment changes Y new information stored Y cells gain responsiveness
to some stimuli and lose responsiveness to others.

A What is the synaptic basis of receptive field plasticity in the cerebral cortex?



Example: receptive field plasticity in visual pathway
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Input patterns can associate or compete depending on how well they are correlated



In search for long-term depression (LTD)

AéHebbé synapses would nicely explain
plasticity, but there must also exist a synaptic basis for weakening connections
when presynaptic activity is poorly correlated with postsynaptic firing.

A 1973 Gunther Stent i connection weaken when they are inactive at the same
time that the postsynaptic neuron is active (imply heterosynaptic depression).

A However, monocular deprivation could rapidly depress synaptic responses
even if postsynaptic neuron is relatively inactive (homosynaptic mechanism).
Seem to violate the principle that postsynaptic activation beyond a threshold is
required for the receptive field plasticity.



BCM theory
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BCM theory

AActive synapses grow stronger when
postsynaptic activity exceeds a
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threshold, defined as zero)

r

AAccounts for bidirectional synaptic changes
triggered by presynaptic activity (depending

on the level of concurrent level of
postsynaptic activity)

AThe value 6, varies as a function of the
history of integrated postsynaptic activity
(6sliding threshol

do

LTP

Change in
Synaptic

1 Average activity 1

A

Weight

LTD

| dea)

Post-synaptic Activity

Threshold



Long-term depression

Late 8006s Mark Bear and coll eagues
that, in theory, should produce LTD T presynaptic activity under

conditions that yield postsynaptic responses too week to induce LTP
(prolonged stimulation e.g. 900 pulses at 0.517 3 Hz)
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LTD is saturable and can be reversed
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Figure 7. Saturation of LTI by repeated episodes of LFS in slices from 3-week-old rats. 4, Record of one experiment in which three episodes
of 1 Hz stimulmtion were applied (900 pulses each) with a spacing of ~45 min, 1t is apparent that the depression approaches an asymplole al a
value of about 60% of baseline control. However, despite prolonged conditioning stimulation, THS continues 1o vield a potentiation. &, Summary

data from hive experiments similar to that shown in A, Plotied 15 the average {=SEM) cumulative cffect measured 30 min after each episode of
LFS5. The cumulative LTI following 2708 pulses is —47 + 2%,

(Dudek&Bear, 1993, J Neurosci)



LTD in the CA1 area of hippocampus is NMDAR-

dependent
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LTD properties

LTD is a lasting depression of synaptic efficacy usually induced by low-frequency
stimulation

ALTD does |l ook |ike as a O6mirrord i mage
AShare some similarities with LTP (synapse specific, NMDAR-dependent,
reversible)

Implies that LTP/LTD indeed form a plasticity continuum as predicted by BCM
theory
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BCM theory: application for plasticity in visual cortex

A Prediction: synaptic depression induced by monocular deprivation is the result
of Oresi dual noi sed6 in the deprived e

A Test: compare deprivation with pharmacological block of activity
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(Rittenhouse et al., Nature 397, 1999)

A Result: TTX produce much less depression than closing the eyelid 7
deprivation-induced synaptic depression, like LTD, is homosynaptic

A Monocular deprivation mimics NMDAR-dependent LTD



Sliding threshold hypothesis is working in the visual

cortex

Light-deprived rats
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FIG. 4 Frequency-response functions derived from visual cortex of light-
deprived (filled symbols) and normal (open symbols) rats. Data points for
stimulation frequencies > 10 Hz represent the average change (+s.e.m.)
20 min after the delivery of 120 pulses of conditioning stimulation. Data
points for 1- and 2-Hz stimulation represent the average change (£s.e.m.)
30 min after delivery of 900 pulses of conditioning stimulation. The data
point for 0.07 Hzis inferred as baseline stimulation once every 15 s does not
appear to induce synaptic modification in light-deprived or normal cortex. All
data are from slices maintained in an interface chamber (see Fig. 1).

(Kirkwood et al., Nature, 1996)



If both LTP and LTD require NMDAR activation how does the
postsynaptic cell distinguish the strength of presynaptic input?



Type of plasticity (depression vs potentiation) depends

on post-synaptic Ca?* change

EPSP slope (% change)
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(from Johnston et al. 2003)



BCM theory: mechanism

Presynaptic Postsynaptic

/\ [Ca®*] > 5 uM
—— » ————» Protein kinase

Ca?" influx
via NMDA

receptors i
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flux synaptic protein -« synaptic protein
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> > Protein
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: Explaring the Brain, 3rd Ed, Bear, Connars, and Paradise Copyright @ 2007 Lippincott Williams & ilkin:

Low calcium elevation activates high affinity, low capacity phosphatases A
dephosphorylation of AMPA receptors leads to lower conductance of the
postsynaptic membrane

High calcium elevation activates lower affinity, higher capacity kinases A

phoshporylation of AMPA receptors leads to higher conductance and insertion of
receptors



Metaplasticity

The induction conditions (thresholds) for the induction of LTP/LTD are not fixed
but O kdepsndent. y 6
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Fig. 1. Effect of prior stimulation on long-term potentiation (LTP) in area CA1 of the hippocampus. (A) The popu-
lation excitatory postsynaptic potential (EPSF) wos recorded and two separate pothways (control and test) were stimu
lated alternately. At the times indicated by the small downward grrows, weak tetani (30 Hz, 0.15 s) were delivered lo
the test pathway. Although this stimulation did not produce a lasting change in synaptic effectiveness, it did inhibit
induction of LTP by o strong tetanus delivered 20 minutes fater (indicated by the large downward arrow). LTP an the
control path was unaffected. (BY The inhibition of LTP caused by prior stimulation was transient, lasting no more than
ahout an fogr Figurp 3dap’rpd, with pprmiqﬁinn, from Hef, 2.

(Abrahamé&Bear, 1996)
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NMDAR regulation provides a molecular basis for a
sliding synaptic modification threshold in visual cortex.
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postsynaptic response

A Reduced expression of NR2A
leads to an increase in
NR1/NR2B diheteromeric
NMDARSs at the synapse

A Visual experience triggers
increased NR2A expression and
the rapid delivery of
NR1/NR2A/NR2B triheteromeric
receptors to the synapse,
compensated by a net loss of
surface NR1/NR2B diheteromers

A Unitary NMDAR-mediated EPSCs
are slowed after deprivation A
impact on EPSC summation and
Ca?* entry



NMDR-dependent LTD is due to the loss of AMPARS from

the synapse

A LTP is not due to changes in the conductance of existing AMPARS

pHIluorin-tagged GIuR2
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A Synaptic AMPARS are first translocated out from
the synapse and then internalized from the

extrasynaptic membrane.
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(Ashby et al., J Neurosci., 2004)



Dynamic regulation of AMPA receptors during synaptic
plasticity (endocytosis)

A Clathrin-coated vesicles are often seen in the synapses (AP2, marker of clathrin-
coated pits, is colocalized with AMPARS)

A Both NMDA-treatment and LTD induce endocytosis of AMPA receptors in a
manner dependent on Ca?* (PKC-mediated Ser880 phosphorylation induces the
dissociation of GIuR2 from GRIP, and the subsequent internalization of GIuR2
promoted by PICK) and activity of protein phosphatase 1 or 2A.

Play Movie

AP-2 (3 Hippocalcin

AHippocalcin acts as a Ca2* sensor
ABinds to AP-2, part of endocitic machinery

(from: http://www.bris.ac.uk/synaptic/research/projects/mechanisms/mechanisms.htm)



Scaffold proteins at the postsynapse are regulated by

the patterns of synaptic activity

8%

(a) Initial steady state

A Size of scaffold (cegg cartoné is
determined by slot proteins (e.g.
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Neuroscience: Exploring the Brain, 3rd Ed, Bear, Connors, and Paradiso Copyright @ 2007 Lippincott Williams & Wilkins



De novo LTD is mechanistically different form

depotentiation of LTP
A
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FIGURE 1. LTD and depotentiation in hippocampal slices from
mature animals. A: Two episodes of LFS (W) pulses/1 Hz) fail o
produce LTD:. B LTD of the naive pathway is not abserved, bat fol-
l-n-w:'ng LTr induction (%), J.E‘Fntﬂﬂlilftﬂn OO Mull!ipl: LFS
El‘hillllitl miot n-rillr reverse LTI, but result in hmnwnapiic LTD be-
low the urlgl:rul bazeline level. (Wager&AIger, 1995)



BCM theory: mechanism

LTD baseline LTP
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Figure 3. Model of bidirectional modifications of AMPAR

phosphorylation and surface expression during L'TD and

LTP. In the basal state, ser-845 of the GluR1 subunit

(shaded black) is phosphorylated. Induction of LL'TD leads to
dephosphorylation of ser-845 by protein phosphastases (PP)

and the internalization of AMPARs. These changes can be

reversed by activating PKA. By contrast, induction of L' TP

from the basal state alters phosphorylation of the CaMKII

site on GluR1, ser-831. CaMKII activation also leads to the

delivery of AMPARSs to the surface. (from Bear, 2003)




LTD is not an inverse LTP

ALTD IS more robust in early in development while LTP is more
pronounced in young adults

ALTD de novo is mechanistically different from depotentiation (PKA-
dependent vs CaMKIIl-dependent)

AThe term LTD, similar to LTP, refers to a group of mechanistically
different processes (controversy on pharmacological properties of LTD)



Synapse specificity of LTP breaks down at short
distances

For synapses < 70 m apart

(Engert&Bonhoeffer, Nature, 1997)



