· Module 8
· Synaptic plasticity and cell-based learning
· Reading
· Purves et al. Chapter 8
· Module 8 outline
· Short-term plasticity
· Facilitation
· Depression
· Augmentation
· Potentiation
· Long-term plasticity
· Habituation in Aplysia
· Sensitization in Aplysia
· Long-term potentiation
· Focus on the CA3-CA1 synapse in the mammalian hippocampus
· LTP and associative learning
· Long-term depression
· LTD in CA3-CA1
· LTD in cerebellar Purkinje cells
· Neuroplasticity and synaptic plasticity
· Neuroplasticity
· Ability of nervous systems to change, physically and chemically
· Allows adaptation to environmental change, changes to the body, and compensation for injury
· Neuroplasticity is a property, in part, of the synapse
· Synapses adapt in response to past experience
· One of the locations at which learning is manifest
· Learning and memory: Basic principles
· Multiple memory systems are present in the brain 
· Short- and long-term memory formation involves change in existing neural circuits
· Changes may involve multiple cellular mechanisms within individual neurons
· Changes can involve signaling through second-messenger pathways
· Changes can involve altered number or sensitivity of ion channels
· Changes can involve new protein synthesis for long-term, but not short-term memory
· Synaptic plasticity
· Short-term plasticity
· Changes last for <30 minutes
· Facilitation
· Depression
· Augmentation
· Potentiation
· Long-term plasticity
· Changes last for >30 minutes, potentially years
· Long-term potentiation
· Long-term depression
· Short-term plasticity: Facilitation
· Rapid and repeated stimulation (tetanus) typically causes a progressive increase in epsp
· Builds over ~1 second then plateaus
· When stimulus stops, epsp decays as rapidly as it increased
· Not dependent on tetanic stimulation
· Can occur with just 2 closely arriving APs
· Paired-pulse facilitation
· Short-term plasticity: Facilitation
· The closer in time the consecutive signals arrive, the greater the facilitation
· Mechanism underlying facilitation
· Presynaptic Ca2+ influx is faster than Ca2+ clearance
· With repeated stimulation, presynaptic [Ca2+] increases
· Number of neurotransmitter vesicles released increases
· Target of the increased Ca2+ unclear but may be synaptotagmin
· Short-term plasticity: Synaptic depression
· Alternatively, sustained presynaptic stimulation can diminish the postsynaptic response
· Decrease due to depletion of the neurotransmitter
· Evidence for vesicle-depletion hypothesis
· Reducing extracellular [Ca2+] reduces rate of synaptic depression
· Less Ca2+ enters cell, less neurotransmitter is released, synapse is not as badly exhausted
· If more transmitter is released, depression increases
· Impairment of synapsin enhances depression
· Synapsin normally maintains the reserve pool of vesicles
· Evidence for vesicle-depletion hypothesis
· Reducing extracellular [Ca2+] reduces rate of synaptic depression
· Less Ca2+ enters cell, less neurotransmitter is released, synapse is not as badly exhausted
· If more transmitter is released, depression increases
· Impairment of synapsin enhances depression
· Synapsin normally maintains the reserve pool of vesicles
· Augmentation and Potentiation
· With prolonged tetanic stimulation, synapse can increase its efficiency through three phases
· Facilitation
· Rapid short-term increase due to increased [Ca2+]
· Augmentation
· Synaptic efficiency increases at a slower rate
· Follows facilitation and lasts several seconds
· Potentiation
· EPSPs are prolonged even further, due to additional enhancement of synaptic efficiency
· NB: these are short-term changes (<30 min duration)
· Short-term potentiation differs from long-term potentiation
· Augmentation and Potentiation
· Both enhance neurotransmitter release following repeated stimulation
· Both mediated by increased ‘potency’ of intracellular Ca2+
· Augmentation rises and falls over a few seconds
· Potentiation acts over minutes
· Both triggered by prolonged high presynaptic [Ca2+]
· Mechanisms not fully understood
· Augmentation
· Augmentation possibly mediated by increased priming of synaptic vesicles
· Doc2B has two Ca2+-sensing domains
· Ca2+ binding causes translocation of Doc2B from cytosol to plasma membrane 
· At plasma membrane, Doc2B binds Munc13
· Munc13 functions in priming vesicles for membrane fusion
· Potentiation
· Potentiation may be due to Ca2+ activating kinases
· Phosphorylate targets mediating neurotransmitter release (e.g. synapsin)
· Combining each of these short-term changes results in a complex time-dependent responses at a synapse
· Various changes occur at the same time, therefore synaptic depression can obscure augmentation and depression
· Short-term synaptic plasticity
· Long-term synaptic plasticity: Aplysia californica
· Sea snail (no shell) with only ~20,000 neurons
· Many neurons have large axons
· Neurons found in stereotyped locations in ganglia
· When threatened, defensively withdraws its gill
· One of the most vulnerable body parts
· Long-term synaptic plasticity: Aplysia californica
· Repeated gentle stimulation leads to reduced gill withdrawal reflex (habituation)
· Noxious stimulation leads to increased gill withdrawal reflex (sensitization)
· Simple nervous system with accessible neurons make Aplysia an excellent model for the study of these processes
· Eric Kandel, Columbia University, NY
· Habituation in Aplysia
· Habituation
· Learned behaviour in which response to a stimulus weakens with repeated stimulus presentations
· Siphon repeatedly stimulated using a gentle jet of water
· Gill withdrawal diminishes
· Diminished response lasts up to 30 minutes
· Habituation in Aplysia
· Neurons involved in habituation include:
· Mechanosensory neurons transmit tactile input from siphon
· Cholinergic motor neurons innervating muscles in gill
· Interneurons receiving sensory input from various locations
· Habituation in Aplysia
· Normal gill retraction mediated as follows:
· In response to touch, glutamatergic sensory neuron from siphon stimulates interneuron and motor neuron
· Interneuron also stimulates motor neuron
· Cholinergic motor neuron will only cause gill to contract if stimulated by both interneuron and sensory neuron
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· Potentiation may be due to Ca2+ activating kinases
· Phosphorylate targets mediating neurotransmitter release (e.g. synapsin)
· Combining each of these short-term changes results in a complex time-dependent responses at a synapse
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