Module 24: Modification of neural circuits
Guidelines
For the multiple choice exam for module 24, you should be able to:
· Be familiar with the concept of critical periods in neural development, and of their general features

Many complex behaviours can be innate, independent of experience - No critical periods for circuit change  - Foraging, Fighting, Response to predators, Mating strategies 
 
Other more complex behaviours shaped by environment, which has the greatest effect during critical periods - Substantial variation in timing and duration of critical periods - Parental imprinting in hatchling birds - Lasts hours of days in early post-hatching development - Sensorimotor skills - Last much longer and ends less abruptly - Human language acquisition - Exposure has to be frequent and over a long period 
Common features of critical periods - Behaviour particularly susceptible to environmental influence -Experiences after the period ends have much less impact on behaviour - Absence of appropriate environmental influences during the critical period can be impossible to remedy 

· Understand that synaptic density and number in the brain peaks within the first year after birth, then declines, and be familiar with the reasons for the decline



· Understand the cellular and molecular factors that drive synaptic plasticity

Activity-dependent changes are driven by factors that correlate with synapse activity - Neurotransmitter levels - Mice deficient in neurotransmitter synthesis or degradation show differences in activity-dependent plasticity - Activation of NMDA receptors - Release of neurotrophins - Manipulation of neurotrophins or receptors can impact critical periods 

Activity-dependent changes mainly due to changes in activity of inhibitory GABAergic neurons - Changes in number/location of inhibitory synapses - Changes in expression of postsynaptic GABA receptors - Intracellular mechanisms mediating plasticity typically nvolve changes in [Ca2+] activating various kinases - Kinases to activate CREB - Transcription of genes involved in synapse including BDNF -  GABAergic interneurons particularly sensitive to BDNF signals - Kinases alter histone-modifying enzymes - Changes in chromatin conformation and transcription - Activity-dependent mechanisms also affect composition and structure of the extracellular matrix - Alter levels of chondroitin sulfate proteoglycans - Interacts with laminin, fibronectin and collagen - Could impact synapse stability


· Be familiar with the historical importance of the visual system in driving our understanding of developmental plasticity, and why it was a useful system to study

Relatively easy to study experience-dependent plasticity through the visual system - Sow one or two eyes shut - Harder to control other sensory modalities - Activity and structure of ocular dominance columns determined by inputs from each eye - Visualized by injecting radioactive amino acids into one eye
V1 neurons classified from 1-7 based on whether they respond to the contralateral or ipsilateral eye 
1: Only respond to contralateral 
4: Respond equally to either eye 
7: Only respond to ipsilateral
 Inputs from eyes to the ocular dominance columns are established prior to birth, in the absence of visual stimuli - There is competitive interaction between inputs from the two eyes during critical periods - If one eye is dominant, neurons processing signal from that eye form more synapses and occupy larger region of cortex -  Axonal inputs to layer 4 of V1 branch substantially less if eye is closed - Development of ocular dominance -Lack of function of closed eye mainly driven by imbalance between inputs, not the lack of any input - Closing both eyes results in a more ‘normal’ pattering and functioning of ocular dominance columns - Illustrates how competition between neurons can drive circuit development 


· Be familiar with changes in the amount of grey and white matter in the brain during postnatal development, and the cellular basis of these changes
[bookmark: _GoBack]Synapse changes are measurable by studying gray vs. white matter - Gray matter composed of cell bodies, axon terminals, dendrites and synapses - Longitudinal human studies aged 5-20 showed increase then decline in gray matter, and increased white matter

