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Is sensory stimulation...

...permissive?

...or instructive?



  

It is well established that the sensory environment 
instructs development

Blakemore & Cooper (1970), Nature



  

Instructive plasticity depends on correlations in 
spiking (e.g. STDP)

Vislay-Meltzer, Kampff and Engert (2006), Neuron
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What happens if a cell is not developmentally ready 
to spike in response to sensory stimuli (e.g. if it has 
mostly silent synapses)?

Is sensory stimulation
relevant to such cells?

Modified from
Kirchner & Nicoll (2008), Nat. Rev. Neuro.
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Outline

● The developing brain contains cells that 
receive synaptic inputs but do not spike in 
response to sensory stimuli

● These “silent” neurons can be converted 
into spiking cells by sensory stimulation

● This conversion is a form of permissive 
plasticity that depends on depolarizing 
GABA and NMDAR activation
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Experimental setup: in vivo patch clamping in the 
Xenopus laevis embryonic optic tectum

van Rheede, Richards and Akerman (2015), Neuron



  

There are “silent cells” in the developing tectum 



  

There are “silent cells” in the developing tectum 



  

Silent cells can spike

van Rheede, Richards and Akerman (2015), Neuron



  

Silent cells have slightly increased spike 
thresholds

van Rheede, Richards and Akerman (2015), Neuron



  



  

Silent cells have small glutamatergic 
conductances

van Rheede, Richards and Akerman (2015), Neuron



  

GABA conductances are not significantly different 



  

What causes the silence? 

We used a 
Monte Carlo 
simulation to 
estimate the 
relative 
contribution of 
the differences 
in spike 
threshold vs. 
glutamatergic 
conductances

van Rheede, Richards and Akerman (2015), Neuron



  

What causes the silence? 
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Sensory stimulation can convert silent neurons to 
spiking neurons



  

Natural stimuli can induce conversion

van Rheede, Richards and Akerman (2015), Neuron



  

Natural stimuli can induce conversion



  

Conversion does not alter spike threshold



  

Conversion increases AMPAR mediated inputs
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Conversion
is not instructive



  

Depolarizing GABA is more likely in silent cells

van Rheede, Richards and Akerman (2015), Neuron



  

Only cells with depolarizing GABA convert



  

Conversion requires depolarizing GABA and 
NMDAR activation



  

Summary

Kesner, Gobert and Ruthazer (2015), Neuron



  

What is this for?

● This plasticity mechanism helps to solve 
an apparent Catch-22 in developmental 
plasticity

● Namely, how do cells with silent synapses 
(à la Isaac et al. (1997), Neuron) engage in 
plasticity if they don't spike?

● Sensory driven depolarizing GABA inputs 
seem to provide the answer! 



  

Some speculation...

● Perhaps the permissive plasticity in the 
tectum is a “gate-keeper”

● Neurons without appropriate “scaffolding” 
do not engage instructive plasticity

● Maybe this is to ensure an appropriate 
structural Bayesian prior is in place? 

Kappel et al. (2015) PloS Comp. Biol.

d θ∝ ∂
∂θ logpS

(θ)+ ∂
∂θ logpN

(x∣θ)+dW i

Change in synapse Structural prior Likelihood gradient
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